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Introduction
In RAN#93-e, there agreed the following guidance for the design of paging early indication (PEI) [1]:
	· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•     New DCI format
•     Higher layer configuration, including SS
•     Details of the procedures of PEI monitoring, and identification of MOs before PO
•     Only Behv-A (per RAN1#104e agreement) is supported 
•     If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•     Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 



In RAN1#106-bis-e, the following agreements are made for PEI DCI format, PEI search space configuration, PEI occasion (PEI-O) definition and determination of PEI-O location [2]:
	Agreement
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.

Agreement 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO
· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF
· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs
· FFS: value of x

Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
· FFS: Determination of the PEI-O location 
· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured

Agreement 
CORESET # 0 or commonControlResourceSet in SIB1 can be used for PEI
· Note: The number of CORESETs configured for a UE follows the requirement of UE feature 3-1
 

Agreement 
Support configuration of a dedicated search space (‘peiSearchSpace’) for PEI
· FFS: Configuration details and whether and how to reuse legacy search space sets, including pagingSearchSpace and searchSpaceSetZero

Agreement
Determination of PEI-O location for a target PO is based on one of the following alternatives:
· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· FFS: The unit and the range of the frame-level offset
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion
· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
· FFS: The unit and the range of the time offset
· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
· Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  
Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.
FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported




In the following sections, companies’ proposals for the remaining design details will be collected and discussed for the final proposals and decisions for completing PEI specification:
· Section 2: DCI format 2_7 designs
· Section 3: Remaining PEI occasion (PEI-O) related designs
· Section 4: Remaining ‘peiSearchSpace’ related designs
· Section 5: Other remaining issues

DCI Format 2_7 Designs
Regarding DCI format design, Sections 2.1 to 2.4 are devoted for the following remaining design details:
1) The maximum number of bits for paging indication field in DCI format 2_7
2) PEI to PO mapping design details, including
· Whether to support mapping PEI to 3 POs in a PF
· Whether to support 1 PEI for POs across multiple PFs
3) Detailed DCI content design, including DCI bit mapping design for multiple POs
4) RNTI for PEI DCI format

Maximum number of bits for paging indication field in DCI format 2_7
In the following table, companies’ related views and proposals are collected:

	Company
	Companies’ views and proposals

	Huawei, HiSilicon
	Proposal 6: The maximum bits of paging indication field is preferred to be 32. 


	ZTE, Sanechips
	

	vivo
	[bookmark: _Hlk86915307]Proposal 1: The maximum field size for paging indication should be 16bits.


	TCL 
	

	Spreadtrum 
	Proposal 1: The maximum number of total bits for PEI PDCCH is 32.


	CATT
	Proposal 3: The maximum number of total bits for paging indication field in PDCCH-based PEI is 40.



	OPPO
	Proposal 2: The maximum number of total bits (x) for paging indication field in PEI DCI format is 32.


	Sony
	

	Intel 
	Proposal 2: The maximum size of the bitmap used in PEI for sub-grouping information is 16.

Observation 1: Maximum size of PEI DCI format should be significantly smaller than that for paging DCI format to ensure overall reliability.


	Xiaomi
	Proposal 4: Support PEI-DCI has the same DCI payload as paging DCI, typically 40 bits, and has different RNTI from P-RNTI

Proposal 5: Support 8*M bits subgrouping paging indication in PEI, M is the number of associated POs and maximum M=4.


	CMCC
	

	Transsion Holdings
	Proposal 2: The maximum number of total bits in PEI DCI format is 35 bit.


	Panasonic
	

	Samsung
	Observation 1: The payload size for PEI PDCCH should be smaller than paging PDCCH in order to achieve target reliability and power saving gain. 

Proposal 1: Support PEI with UE subgrouping as the only function for paging enhancements in NR Rel-17. 

Proposal 4: The payload size of the DCI format for PEI,  can be determined as , where
·  is the number of UE subgroups per PO, i.e. subgroupsNumPerPO with applicable values of 1 to 8, 
·   is the number of POs mapped to one PEI-O, i.e. number-of-PO with applicable values of 1 to 4.
· Maximum value for  is 32.


	Apple
	Proposal 1: The size of the PEI DCI is configurable by the gNB, and it should be no larger than the size of paging DCI.


	Lenovo, Motorola Mobility
	

	InterDigital
	Proposal 1: The maximum number of total bits for paging indication field in the PEI DCI format is 32.


	LGE
	

	NTT DOCOMO
	

	Ericsson
	[bookmark: _Toc87041010]Observation 2 Configurable PEI DCI with payload size up to 41 bits can satisfy desired performance requirements. 
[bookmark: _Toc87041017]
Proposal 1 Similar to paging, for which NW can adapt PDCCH aggregation level based on deployment, aggregation levels 4, 8, and 16 are configurable for PEI.
[bookmark: _Toc87041024]
Proposal 8 PEI DCI payload size is configured through a higher layer broadcast configuration parameter, including a maximum value 41 bits.



	Qualcomm 
	Proposal 4: For the mapping between PEI PDCCH and POs
· …
· Maximum DCI size for PEI PDCCH should guarantee the missed detection performance of PEI is at least one order lower than the paging PDCCH
· Network properly configures the number of sub-groups per PO so that number of bits in each PEI PDCCH does not exceed the maximum DCI size


	MediaTek 
	[bookmark: _Ref87043333]Observation 1: From the identified PDCCH settings that can comply with the mandatory performance criterion, Table 1 provides the performance-equivalent settings subject to the same PDCCH code rates. It is observed that 32-bit paging indication field can be accommodated without violating the performance criterion.

Proposal 1: Maximum paging indication field size X = 32 bits in PEI DCI format is supported.

[bookmark: _Ref86779343][bookmark: _Ref87043352]Table 1: Identified PDCCH settings that can comply with the mandatory performance criterion
	Identified settings in RAN1#104-bis-e
	
	Performance-equivalent settings (same )

	(12 payload bits, 24 CRC bits, AL4)
	
	(48 payload bits, 24 CRC bits, AL8)

	(12 payload bits, 24 CRC bits, AL8)
	
	(48 payload bits, 24 CRC bits, AL16)

	(41 payload bits, 24 CRC bits, AL8)
	
	(41 payload bits, 24 CRC bits, AL8)
 No change since payload size > 32 bits already




	Nokia
	Observation: The DCI size for PDCCH-based PEI should be configurable, from 1 to [35] bits.


	Nordic
	Proposal-1: Support only the cases where PEI is mapped to 1,2 or 4 POs of a single PF in R17. Max size of DCI format payload is 34 bits.
· Up to RAN2 whether to reuse P-RNTI or introduce PEI-RNTI




From the above table, we can first obtain the following statistics:

Number of bits for paging indication field:
· 16 bits (2 companies): vivo, Intel  
· 32 bits (9 companies): HW & HiSi, OPPO, Xiaomi, Transsion, Samsung, InterDigital, MediaTek, Nokia, Nordic
· 40 bits (1 company): CATT 

From the statistics, 32-bit paging indication size looks of majority support. For proponents who propose maximum of 16-bit payload, the major concern is performance for a given AL. Since there is AL value that can be adjusted for performance, 32-bit payload can be accommodated by a double AL value. Therefore, moderator suggests to add a note on AL flexibility and to address the performance consideration.

Regarding CATT proposal of 40 bits, the intention is to keep maximum network flexibility. For ‘subgroupsNumPerPO’ = 8, 40 bits can accommodate up to 5 POs. Since the total PO number in a paging cycle is a power of 2, Moderator would like to suggest considering “up to 32-bit paging indication filed size” first and ask companies’ check whether there is strong use case/PO configuration that requires 40-bit paging indication filed size. 

By the above, the following questions are proposed for companies further inputs to .

[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Q1: Comparing with 32-bit maximum paging indication size, do you see any strong use case/PO configuration that will require a larger maximum paging indication size?

Q2: Please provide your views and/or suggested revision for the following proposal:
Proposal 2.1-1:
The maximum number of total bits for paging indication field in the DCI format 2_7 is 32.
· Note: It is network flexibility to adjust payload size and AL value for reliable paging performance


Table 1: Companies’ views to the above questions
	Company
	Companies’ views

	Xiaomi
	Q1: No, we don’t see a strong need.
Q2: Support Proposal 2.1-1 


	MediaTek
	For Q1:
For paging indication field, we think 32 bits will be very sufficient. Given maximum UE subgroup number of 8, accommodating 1/2/4 POs will be common and useful since the number of total POs in a paging cycle is a power of 2. No strong use case for more than 32 bits is identified by us.

For Q2: 
We are supportive of Proposal 2.1-1. It is noticed that maximum payload of 32 bits doesn’t preclude the configuration of 16-bit payload. Having the flexibility for network performance and overhead trade-off is useful for PEI feature to accommodate various use cases. 


	Nordic 
	Q1: To include TRS validation bit, but could be handled by reducing number of sub-groups. On the other hand, 1 extra bit would not change PDCCH performance.
Q2:   We suggested up to 34

	Samsung 
	Q1: No.
Q2: We don’t have problem with the proposal. But we think it’s better to discuss the maximum payload size of the entire DCI format instead of the size of the field. For the field size, it depends on the maximum number of POs per PEI, which is under discussion in Section 2.2. 

	Panasonic
	On Q1, we are fine with 32-bit and open with 40 bits.
On Q2, okay with us.

	CATT
	Ericsson’s contribution also supports up to 41 bits payload size of DCI format 2_7 for PEI

Q1: The maximum number of bits in DCI format 2_7 defined in the specification is not to limit the flexibility of the network configuration with the consideration of PEI detection performance.  Similar to the agreed number of subgroups is also up to 8 although 8 paging subgroups are not most common use cases.   
Q2:  Since UE preparation in decoding PEI and paging DCI are the same, the detection performance of PEI and paging DCI should be the similar.  Thus, the maximum payload size of PEI should not be more than that of paging DCI.   Our suggestion of Proposal 2.1-1 is as follows,

The maximum number of total bits for paging indication field in the DCI format 2_7 should not be more than that of paging DCI.   

	Intel
	Q1: In our view, max size for paging indication field should be less than 32 bits

Q2: We have concern on using 32 bits for paging indication field. As mentioned by FL and also reported by some companies, AL may need to be doubled for PEI DCI (compared to paging DCI) in some cases to ensure overall reliability. However, AL = 16 may not be usable in some scenario such as when CORESET 0 BW is small.  

	Qualcomm
	Q1: No.
Q2: We do not think 32 bits are necessary just because it supports up to 8 subgroups for 4 POs in a PF. As observed in companies’ evaluation results, UE sub-grouping provides a small additional power saving gain compared to other sources of power saving gain. There is no need for network to use 8 bits for each PO for all paging configurations. So we are supportive of 16 bits. We agree with Samsung that the maximum total number of bits for PEI DCI should be determined from decoding performance perspective. 

	Sharp 
	[bookmark: OLE_LINK44][bookmark: OLE_LINK45]Q1: maximum 32bits for paging indication is ok and the DCI payload can be more than 32bits
Q2:ok

	CMCC
	Q1: No
Q2: Ok

	ZTE, Sanechips
	It is understood that the maximum payload size is relevant to the number of POs, which also determines the performance of PEI. 
If the maximum bits for paging information is 32, the payload size will exceed paging DCI if TRS availability information and other information are considered. A potential compromised value is 24.

	LGE
	Q1: No. We think 32 bits are large enough to convey paging indication for PO(s).  
Q2: We support the proposal 2.1-1.

	Ericsson1
	Q1: No - 32 bits total for subgroup indication is sufficient. There can be additional fields in the PEI DCI such as TRS availability, reserved bits that should also be allowed for future extension, and for this we propose to allow max PEI DCI size of 41 bits.

Q2: Support - The field size and supported ALs should be flexible enough to allow a single PEI to address up to 32 subgroups (8 subgroups per PO x 4 POs) and leave the configuration details including actual DCI payload size to NW implementation. 


	Huawei, HiSilicon
	Q1: no. 
Q2: support the proposal. Regarding some concerns from companies to insist on smaller maximum value, I would say the proposal does not exclude that gNB can configure 16bits paging indication fields. gNB can have the flexibility to configure the field size based on the deployment. 32 bits is also needed when gNB can provide larger AL transmissions.

	vivo
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Q1: No. Even 32-bit maximum paging indication size is too large to guarantee the PEI DCI reliability. Not to mention a larger maximum paging indication size. Surely, there is no essential use case/PO configuration for a larger maximum paging indication size.

Q2: We have concern on this proposal. As mentioned by Intel, even if the network can configure a large AL value (that is, AL>=8), the 32bits paging indication field does not satisfy PEI DCI reliability under some cases. Hence, 16bits will be a compromise compared to 32bits and 12bits. 
For 32-bit payload size, one of the use cases is to contain 4 POs and each with 8 sub-groups. Alternatively, it can be realized by 2 PEIs each payload is 16 bits or 4 PEIs each payload is 8 bits.
·  In the last meeting, it has agreed the number of POs that a PEI indicates is configurable. Hence, we think the same functionality has been achieved by the alternative way. We don’t need to optimize the 4 POs and each with 8 sub-groups by accommodating 32-bits in a DCI.
Some companies claimed that one of the pros of 32-bits compared to 2 PEIs with each payload 16-bits is it can avoid the PDCCH blocking issues, we think it is not always true. The probability two PEIs are simultaneously transmitted can be calculated by multiplying two PO wake-up rate. If the PO rate is 10%, the probability of simultaneously transmitting two PEI in one slot is 1%. We think by extending the payload from 16-bit to 32-bit in order to avoid 1% bad case is not a good design. Meanwhile, even such case occurs, the blocking may occur and may not.

	DOCOMO
	Q1: No.
Q2: Support Proposal 2.1-1

	Apple
	Q1: PEI can also be used to carry e.g. TRS indication, SI update, etc. So we don’t see a need to cap the max size at 32 bits.
Q2: Not preferred. As indicated by the note, the size and AL are configurable by the gNB, so the parameters can be chosen properly by the gNB to ensure the performance. We do not see a need to limit the size from spec point of view.
In addition, we wonder if we need to discuss this proposal given that we have P2.3-2. What matters for the performance is the DCI size, not how many bits for paging indication.

	Lenovo/MotM
	Q1: No,  Q2: Fine with the proposal 2.1-1.

	Spreadtrum
	Q1: No
Q2: Yes

	OPPO
	Q1: No.
Q2: Support the proposal 2.1-1.

	TCL
	Q1: we support the maximum number of paging indication field in PEI is 32. However, we also proposed 6 bits for TRS availability indication (similar to the reserve bits of paging DCI) and 2 bits for SI/ETWS notification. So we support the total number of maximum bits for PEI DCI is 40, but we also open for total number of maximum bits as 41 bits. 
Q1: we are fine with proposal 2.1.-1.


	Transsion Holdings
	Q1: No
Q2: From my perspective, 32 bit is enough for paging indication field. We agree Samsung’s opinion that we need to discuss the maximum payload size of the entire DCI format instead of the size of the specific field. 

	Nokia(1st round)
	Q1: So based on earlier agreement, we should be able to map at least 4 POs (of a PF) to a PEI. Now the detailed discussion in RAN2 is open, but for sake of discussion lets assume that sub-grouping field size can be configured freely between 1 and 8 bits. Thus, 32 bits would suffice for paging sub-grouping indication. However, if we agree to add some additional information, we will introduce dependency between the sub-grouping field size and the other information, which is not very desirable. However, if majority view is 32 bits, we would be fine to consider this as a working assumption, with the condition that the DCI size can be configured independently of the number of POs mapped to PEI.

Q2: Following the afore comment we think that it might be best if try to clarify whether we discuss about the DCI format 2_7 size or about the size of the information related to paging. I understand that these were split on purpose (e.g. Proposal 2.3-2) but there is no need to inform the UE about the full size of the paging information field (see our comments in next section), and in context of progress it might be easier to focus on the key aspect which is the maximum size of the DCI.
As noted above we also suggest to consider the 32 bits as a working assumption with the aim to conclude during this week:

Proposal 2.1-1_NOK:
The maximum configurable size of the DCI format 2_7 number of total bits for paging indication field in the DCI format 2_7 is [32].
· Note: It is network flexibility to adjust payload size and AL value for reliable paging performance



	IDCC
	We are ok with the proposal.



For Q1, quoted below for ease of reference,
	Q1: Comparing with 32-bit maximum paging indication size, do you see any strong use case/PO configuration that will require a larger maximum paging indication size?


· Yes (>32-bit paging indication field size): CATT (preference but no specific use case shown)
· No (<= 32-bit paging indication filed size): Xiaomi, MTK, Samsung, Intel (16 bits), QC, Sharp, CMCC, ZTE (24 bits), LGE, Ericsson, Huawei, Panasonic, vivo, DoCoMo, Lenovo/MotM, Spreadtrum, OPPO, Transsion 

It is noticed that Q1 is related to “paging indication field size” while there may be some companies think it is related to DCI payload size.

From companies’ feedback, there is no strong use case requiring >32 bits for paging indication field reported by companies. 

For Q2, quoted below for ease of reference,
	Proposal 2.1-1:
The maximum number of total bits for paging indication field in the DCI format 2_7 is 32.
· Note: It is network flexibility to adjust payload size and AL value for reliable paging performance


· Yes (16 companies): Xiaomi, MTK, Samsung, Panasonic, Sharp, CMCC, LGE, Ericsson, HW & HiSi. DoCoMo, Lenovo/MotM, Spreadtrum, OPPO, TCL, Transsion, IDCC
· No (6 companies): CATT (maximum  payload of paging DCI), Intel (16 bits), QC (16 bits), ZTE (24 bits), vivo (16 bits), Apple  

By the above statistics, directly restricting the maximum size for paging indication field looks not of consensus. Since the overall PEI performance is determined by the payload size, moderator would like to suggest merging this discussion to Section 2.3 for a joint proposal addressing DCI format 2_7 payload size.

PEI to PO Mapping Design

In the following table, companies’ related views and proposals are collected:

	Company
	Companies’ Views

	Huawei, HiSilicon
	Proposal 7: One PEI can be allowed to associate with POs across PFs, only when the two PFs are two consecutive radio frames in one SSB periodicity.


	ZTE, Sanechips
	[bookmark: _Toc19332][bookmark: _Toc86840263][bookmark: _Toc87031834]Proposal 1:　One PEI configured to indicate POs across multiple PFs should be supported.


	vivo
	Proposal 2: One PEI for POs across multiple PFs should be precluded.

· Issue 3: Whether to supporting map PEI to 3 POs in a PF
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]It is up to gNB implementation. For example, when there are two PEI-Os configured in one PEI-F and one PF contains 4 POs, it is possible that one of the PEI-Os indicates 3 POs and the other indicates the rest one PO.


	TCL 
	[image: ]
Figure 6 One PEI mapping to 3 POs in a PF

[image: ]
Figure 7 One PEI mapping to 3 POs across the PF

Proposal 7: Support one PEI mapping to 1,2,3, and 4 PO(s) in a PF and across the PF. 


	Spreadtrum 
	Proposal 2: Prioritize one PEI indicating 1 or 2 or 4 PO(s) in a PF.

Table 1: One PEI indicates up to 4 PO(s) in PF(s)
	
	M=1 (1 PEI indicating 1 PO)
	M=2 (1 PEI indicating 2 POs)
	M=3 (1 PEI indicating 3 POs)
	M=4 (1 PEI indicating 4 POs)

	Ns=1
	PEI -> 1 PF*
	PEI -> 2 PFs**
	PEI -> 3 PFs
	PEI -> 4 PFs

	Ns=2
	PEI -> 1/2 PF
	PEI -> 1 PF
	PEI -> 3/2 PFs
	PEI -> 2 PFs

	Ns=4
	PEI -> 1/4 PF
	PEI -> 1/2 PF
	PEI -> 3/4 PFs
	PEI -> 1 PFs


*Note: The green front is supported by current agreement.
**Note: The blue front is possible cases for 1 PEI indicating POs across PFs.

Proposal 3: Support one PEI indicating POs across 2 or 4 PFs for Ns = 1 or 2 respectively.


	CATT
	

Figure 3: An example of the scenario of large number of POs

Proposal 2: Support one PDCCH-based PEI for POs across multiple PFs.

Proposal 4: The POs cross PF associated with one PEI should be supported with maximum number of POs associated with one PEI being 8.

[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 5: The standard specification should support any number of POs associated with one PEI and any number of paging subgroups within a PO for the flexibility of network configuration.


	OPPO
	Proposal 1: The number of POs (N) indicated by a PEI could be configured independently to the number of paging occasions (Ns) within a paging frame, and the maximum number of POs (Nmax) indicated by a PEI should depend on the size of the DCI format and the number of subgroups of one PO.
· support map PEI to 3 POs in a PF;
· support one PEI for POs across multiple PFs.


	Sony
	

	Intel 
	Proposal 3: Support 1 PEI to 1 PO association. 

Proposal 4: One PEI addressing multiple POs across multiple PFs is not supported.


	Xiaomi
	Proposal 6: Support one PEI can only corresponds to POs within one PF.


	CMCC
	Proposal 1. Don’t support mapping 1 PEI to 3 POs in a PF.

Proposal 2. Support 1 PEI indicating multiple POs across multiple PFs.


	Transsion Holdings
	Proposal 1: One PEI associated with N POs and N can be the multiple of Ns.


	Panasonic
	Observation 1: To transmit as less PEI as possible is beneficial for gNB to save system overhead.

Observation 2: A PEI indicating multiple POs, which are always all the POs within one or multiple PFs, can provide sufficient flexibility for resource allocation. PF level granularity can ease the standardization efforts to finalize Rel.17.


	Samsung
	Observation 2: Restriction that one PEI to indicate up to 4 PO(s) within a PF limits NW’s flexibility to reduce system overhead on PEI transmission when gNB only configures 1 or 2 POs per PF.  

Proposal 2: Support one PEI for PO(s) across multiple PFs.


	Apple
	Proposal 4: Do not support one PEI indicating multiple POs across multiple PFs.

Proposal 5: The number of POs corresponding to one PEI ({1, 2, 4}) is indicated to the UEs. 


	Lenovo, Motorola Mobility
	Proposal 2: One PEI maps to only one PF. The number of POs that one PEI indicates is implicitly configured based on the number of POs for a PF.


	InterDigital
	

	LGE
	

	NTT DOCOMO
	Proposed 1: Single PEI associated with Single PO or Multi POs within up to 4 POs should be supported.

Proposed 2: Do not support 1 PEI for POs across multiple PFs.


	Ericsson
	[bookmark: _Toc87041009]Observation 1 In deployments where one-to-many PEI configuration is used, irrespective of number of POs addressed it is simpler to configure PEI offset relative to a single PF as the reference point.
[bookmark: _Toc87041022]
Proposal 6 For one-to-many PEI configuration, up to 32 bits (configurable) are used for addressing UEs in up to 4 consecutive POs associated with the same paging frame.
[bookmark: _Toc87041023]
Proposal 7  PEI one-to-one/one-to-many configuration is done through a higher layer broadcast configuration parameter. The range of the parameter is 1, 2, 4,  where 1 indicates one-to-one mapping. One parameter is applicable to all POs of the cell.


	Qualcomm 
	[bookmark: p4]Proposal 4: For the mapping between PEI PDCCH and POs
· Support mapping PEI to 3 POs in a PF
· Note: subset of POs in a PF may have same PEI location based on PEI alignment with SSB burst
· Support 1 PEI for POs across multiple PFs
· Maximum DCI size for PEI PDCCH should guarantee the missed detection performance of PEI is at least one order lower than the paging PDCCH
· Network properly configures the number of sub-groups per PO so that number of bits in each PEI PDCCH does not exceed the maximum DCI size


	MediaTek 
	Proposal 2: Mapping 1 PEI to 3 POs in a PF is not supported due to unequal PEI performance across POs 
· Define a constant RRC parameter, POnumPerPEI, which is a factor of Ns and has value range {1, 2, 4}.

Proposal 3: 1 PEI for POs across multiple PFs is not supported
· Note: It is network flexibility to set Ns = 2 or 4 for exploiting PEI indication capacity for multiple POs


	Nokia
	Proposal: It should be under network configuration how many POs (e.g. of a PF) map to a PEI.


	Nordic
	Proposal-1: Support only the cases where PEI is mapped to 1,2 or 4 POs of a single PF in R17. Max size of DCI format payload is 34 bits.
· Up to RAN2 whether to reuse P-RNTI or introduce PEI-RNTI




From the above table, the following statistics can be obtained:

Support of 1 PEI for 3 POs:
· Yes (6 companies): vivo, TCL, CATT, OPPO, QC, Nokia, 
· No (12 companies): Spreadtrum, Xiaomi, CMCC, Transsion (Ns or multiple of Ns), Panasonic (Ns or multiple of Ns), Apple, Lenovo & Moto (1 to Ns), Ericsson (1, 2 or 4), MTK, Nordic (1, 2 or 4), LGE(Ns), DoCoMo (1, 2 or 4)

Support multiple PFs:
· Yes (11 companies): HW & HiSi (Consecutive PFs), ZTE, TCL, Spreadtrum (2 or 4 PFs conditioned on Ns), CATT (up to 8 POs), OPPO, Transsion, CMCC, Panasonic, QC, Samsung
· No (9 companies): vivo, Xiaomi, Apple, Lenovo & Moto, DoCoMo, Ericsson, MTK, Nordic, LGE

Regarding whether to support 1 PEI for 3 POs in a PF, “Not support” is the majority view. On the other hand, it is observed that proponents of “support” actually refer to the case 1 PEI can be mapped to multiple PFs. Given the dependency, 

Q1: Please provide your views on the following proposal and suggested range for POnumPerPEI:
Proposal 2.2-1:
Support mapping a constant number of PO(s) per PEI.
· Include a configurable parameter, ‘POnumPerPEI’, with possible value in the range {1, 2, ….}

Regarding whether to support multiple PFs, proponents of “support” consider the cases with Ns = 1, so that the indication capability is not fully exploited. On the other hand, it is network flexibility in adjusting Ns. In this regard, moderator would like first to check companies’ views in utilizing this network flexibility so that previous agreement for 1 PF may be sufficient:

Q2: To utilize one PEI for multiple POs, do you think network can always increase Ns value of PO configuration? If yes, do you think whether one PEI for up to 4 POs in a PF is sufficient or not?

In previous meeting, proponents of 1-1 PEI-PO mapping argue diverse UE processing timeline when supporting multiple POs. To address their concern, restriction to 1 PF is finally decided. In order not to repeat the debate/argument, moderator would like to check whether restricting the multiple PFs in adjacent radio frames can be a possible way forward:

Q3: If 1 PEI for multiple PFs is to be supported, do you think fine to put some restriction, as Proposal 2.2-2? What is your suggested maximum value on Y?
Proposal 2.2-2: 
Support mapping 1 PEI to up to Y PFs in adjacent radio frames 
· Y = 2

Table 2: Companies’ views to the above questions
	Company
	Companies’ views

	Xiaomi
	Q1:
If one PEI can only corresponds to multiple POs within a PF, we think it is more simple and direct to let one PEI corresponds to all POs within a PF. We support mapping a constant number of PO(s) per PEI, but prefer to fixed as Ns.
Q2:
We agree that one PEI for up to 4 POs in a PF is sufficient.
Q3:
We think fine to put some restriction. And considering Ns=1 as minimum, maximum Y can be 4 to reach 32 bit paging indication


	MediaTek
	For Q1:
We support Proposal 2.2-1. Supporting a constant number of PO(s) per PEI is a reasonable way forward, that simplifies the signalling and specification complexity. For the range, we suggest {1, 2, 4} regarding that 1) Total PO number is a power of 2, and 2) 32 bits can accommodate maximum of 8 subgroups for 4 POs, which implies setting maximum of 4 POs ensures no limitation to network UE subgrouping.

For Q2:
We think network can always increase Ns to 4 in PO configuration. Regarding the concern 4 POs in a PF may be too crowded, we would like to clarify PF is a reference frame and PO start can actually span whole PF interval (which can be up to 160 ms) with symbol granularity. In this regard, we think there is no issue for network to set Ns = 4 for a PF, and current agreement to support 1 PEI for up to 4 POs in PF is also sufficient.

For Q3:
By the above clarification, we think there is no issue for network to set Ns = 4 for a PF. In this regard, we are not supportive of Proposal 2.2-2


	Nordic
	Q1: Agree
Q2: PEI to 1,2,4 should be supported
Q3: We do not support PEI to multiple PF



	Samsung 
	Q1: We are supportive of more configuration flexibility on ‘POnumPerPEI’. We are fine with the value of POnumPerPEI’ in the range of 1:4. But we want to clarify that POnumPerPEI can be configured to any of the possible values regardless of the value of Ns. For value of 3, we are OK with it as long as the number of POs per PEI is not restricted to one PF. 

Q2: No, whether or not gNB can configure a large number of Ns depends on the traffic, or available channel resources in a frame. In general, we think gNB should have the flexibility to configure Ns and PEI independently. So, we support 1 PEI across multiple PFs. 

Q3: No, we think the configuration of ‘POnumPerPEI’ is sufficient. 

	Panasonic
	On Q1, proposal 2.2-1 is okay with us.
On Q2, using PEI supporting multiple PFs is not same with adapting the Ns numbers within a PF. The Ns is related to the paging load and the control overhead network would like to take. However, using PEI to cover multiple POs within and across multiple PFs is to reduce the PEI overhead. So we think these two can not be traded off. 
On Q3, we already defined ‘number-of-PO’, which is the number of POs that a PEI can indicate. The number of PF can be decided based on the paging early indication field bit number, ‘number-of-PO’ and subgroupsNumPerPO. So there is no need to set a limit for number of PFs.


	CATT
	Q1: The specification should support the configuration with flexible number of POs associated with one PEI regardless the Paging frame boundary.

Q2: No. The generic scenario is that the network only configures one PO per paging frame. The additional PO within Paging frame was introduced in Rel-15 when there are large number of IDLE/Inactive UEs within a cell.   Ns = 4 was added for NR-U in Rel-16.    The mapping of PEI to the associated POs should not assume any change of Ns values.

Q3:  When one PEI associated with multiple POs cross paging frame, the number of PFs should be large enough for the flexibility of network configuration and the efficiency of DCI format 2_7.   If paging subgroups are not configured by the network, each bit in the DCI format 2_7 payload is associated with one paging group in a PO.   If Y value is very small, the payload size of DCI format 2_7 would be very small, which is large overhead, when paging subgroup is not configured with a given cell.   Thus, we suggest that Y value should be at least 8.   

	Intel
	Support Q1. Since Ns can be 1, 2, or 4, and we have agreed that PEI can address upto 4 POs, it would be simpler to just adopt Ns as the number of POs addressed by PEI.

[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Q2: Supporting up to 4 POs in a PF is sufficient.

Q3: We do not see strong need to support multiple PFs. There is chance of increased paging latency and increased UE power consumption for UEs in the later PFs as consecutive PFs may not be next to each other and also there is concern on payload increase for PEI DCI which may affect reliability.

	Qualcomm
	Q1: we do not support constant or configured number of POs mapped to each PEI. The number of POs should be determined by the timeline relationship. We support the alignment between SSB and PEI. Based on this, the number of POs mapped to a PEI will be determined by the number of POs between two adjacent SSBs. Together with the maximum DCI size, network can determine the maximum number of sub-groups that can be configured for each PO. 
Q2: yes, we agree network can increase Ns without exceeding the maximum DCI size for PEI by adjusting the number of subgroups per PO. We do not think one PEI mapping to POs only within one PF is sufficient. Again, this should be determined by the timeline relationship. We support alignment between PEI and SSB. Then there can be 2 PFs (all POs) or 3 PFs (including subset of POs) for 20ms SSB periodicity whose POs are mapped to the same PEI.
Q3: for typical 20ms SSB periodicity, Y can be 2 or 3 (3 if subset of POs for the first and third PFs are mapped to the PEI, and all POs for the second PF are mapped to the same PEI). So we think the Y value can be implicitly determined without explicit configuration. 

	Sharp
	Q1: the value of range can be {1,2,4,8,16}
Q2:  Support up to 4 POs in a PF
Q3:  Support onePEI- to-multiple PFs and a PEI’s capacity can be defined to indicated how many PO will be associated


	CMCC
	Q1: We support this proposal, and also prefer to take Ns as the constant number, but the main bullet needs more clarification, especially considering the proposal in Q2/Q3, if we agree one PEI associated multiple PEIs, and one PEI can associate with 4 POs in a PF, we also support the other two cases: one PEI associate 2PFs with Ns=2, and one PEI associates 4 PFs with Ns=1.
Q2: Support
Q3: As the Comment in Q1/Q2, if we support one PFI associates 4 POs in one PF, why it can not support to associate 4 PFs with Ns=1?

	ZTE, Sanechips
	(1) Proposal 2.2-1, the wording “constant” is misleading as it is configurable according to the sub-bullet.
(2)Not quite understand the first question in Q2. We think network can always increase Ns value of PO configuration regardless whether how many POs are associated with PEI. 
The second question in Q2 may relevant to Q3. We think one PEI can be associated with more than four POs in case that POs are densely configured.
(3) If multiple PFs are to be supported, we think it can be up to 4 PFs.

	LGE
	Q1: We prefer to fix Ns PO(s) within a PF are mapped to a PEI. It can be expected that Ns>1 is used when gNB need to configure PO densely. Thus, if one PEI to one PO mapping is configured even when Ns>1, network congestion will be increased and PDCCH blocking issue will be a matter. From this point of view, we see that one PEI mapping to multiple POs should be supported when Ns>1 is configured, and reusing Ns to determine association is a natural choice. 
Q2: We don’t see any issues for Ns. Also, we think one PEI for up to 4 POs in a PF is sufficient. 
Q3: Our best preference is not to support one PEI for multiple PF. However, if it is supported, we may need some restriction to keep gap between PEI and POs as same as possible. For example, Y=2 contiguous PFs (e.g. SFN 2n and 2n+1) can be map to one PEI.

	Ericsson1
	Q1: OK, with 1, 2 or 4 POs per PEI. 

Q2: Yes, and 1 PEI for 1, 2, 4 POs associated with one PF is sufficient. Given there is the note in 38.304 (NOTE 1:	A PO associated with a PF may start in the PF or after the PF.), we understand that the POs are associated with a PF may not be located in the same frame and perhaps this point can clarified. 

Q3: The focus should be on finalizing the design for already-agreed mechanism (One PEI can be configured to indicate up to 4 PO(s) in a PF) before moving on to additional scenarios. Issue related to Q3 could be deprioritized given this is last meeting to finish RAN1 work and in accordance with RAN plenary guidance.


	Huawei, HiSilicon
	Q1: for the PEI mapping to POs. We some kind of share similar view with Qualcomm. We think one PEI should be able to indicate all POs between two adjacent SS bursts. We don’t want the gNB to transmit multiple PEI DCIs for POs in the same SS burst period. This may have two issues. The first one is the resource overhead of PDCCH. The second issue is if multiple PEI occasions need to be introduced, it would be difficult to guarantee the location of PEI detection is close to SS burst.
Q2: we think gNB has flexibility to choose a proper Ns, either a large one or a small one. Also, gNB also has flexibility to configure dense PF or sparse PF. Maybe gNB could have some typical configuration scenarios. But we should consider all the scenarios that R15 specifications support. That means our solution should be extendable and future proof. 
Q3: we are fine to add some restriction as a compromise. If we only consider typical 20ms SSB periodicity, Y=2 may be enough. We didn’t fully understand Qualcomm’s proposal on Y=3. If this would happen in a 20ms SS burst period, we are open on it.

	vivo
	We are fine with Q1. Besides, regarding whether or not to support of 1 PEI for 3 POs, our view is that if the same number of PO is configured to all PEI, 1, 2, or 4 POs in a PF associated with a PEI will be adequate. 

Q2: Supporting up to 4 POs in a PF is sufficient.

Q3: 1 PEI for multiple PFs should not be adopted given the reasons below.
· It can be harmful to the reliability of PEI DCI, since the larger number of PFs one PEI can associate, the more paging indication bits may be needed for PEI DCI.
· The time gap between different PFs is uncertain. If one PEI can indicate POs in different PFs, it will be unfair for those UEs in the last associated PF, since more power consumption will be caused to keep awake. Besides, due to the time sensitivity of measurement, the more time gap between SSB measurement and PO, the worse detection performance of paging reception may result in.
So far serving cell RRM relax is not agreed, so that in every paging cycle, UE need to monitor SSB. Hence, we do not see any problem that in each paging cycle, a PEI is associated to this and followed by the SSB transmission/reception. However, if serving cell RRM relax is introduced, we think mapping 1 PEI to multiple PF is needed in order to reduce UE wake-up activities.

	DOCOMO
	Q1: Same view Xiaomi. We prefer to fixed as Ns.
Q2: We think gNB can always increase Ns up to 4 in PO configuration, and I think 1PEI for up to 4 POs in PF is sufficient.
Q3: We do not support PEI to multiple PF. 

@ Moderator: We don’t support of 1 PEI for 3 POs, we think PEI to 1,2,4 should be supported. Thus, could you revise my position?

@DoCoMo: We have revised the statistics. Please kindly check.

	Apple
	Q1: the proposal is not clear to us. Is it limited to the case where 1 PEI is mapped to multiple POs within a PF? If this is the case, we support 1, 2 or 4 POs per PEI. Also, what does “constant” mean?
Q2: we think one PEI for up to 4 POs in a PF is sufficient.
Q3: not support.

	Lenovo/MotM
	Q1:We support a constant number of POs per PEI, where the constant number of POs per PEI is same as the number of POs per PF. 
Q2: One PEI for up to 4 POs in a PF is sufficient.
Q3: We prefer not to support one PEI for multiple PFs. 

	Spreadtrum
	Q1: Yes
Q2: No. Ns=1 or 2 has its use case. NW will configuration T, N, Ns and Nsg (subgroup number in a PO) according to the statistic information. No constrains on Ns is necessary to provide the full flexibility for NW.
Q3: Acceptable to reduce the standardization efforts.

	OPPO
	Q1: We support the proposal 2.2-1. The parameter ‘POnumPerPEI’ should be configured independently. When the sub-group per PO is small, such as 2 or 4, one PEI could map to 16 or 8 POs. The maximum number of POs in a PF is 4, and there is no agreement whether or not to support 1 PEI for multiple PFs. We think the range of ‘POnumPerPEI’ should be determined later.
Q2: No. We think gNB should configure Ns flexibility, there is no necessary to limit gNB always have a large Ns. And we support 1 PEI across multiple PFs.
Q3: Similar with Panasonic. The number of PF can be decided based on the paging early indication field bit number, ‘POnumPerPEI’’ and subgroupsNumPerPO.


	TCL
	Q1: we support the range of POnumberPerPEI in the value of {1,2,3,4}. In our view, the range of POnumberPerPEI depends on the Ns value i.e. the number of POs per PF. For instance, if the Ns value is 1, the POnumberPerPEI is 1, if the Ns value is 2 the POnumberPerPEI is 2 and if the Ns value is 4 the POnumberPerPEI can be {3 or 4}. Thus we 
Q2: No, As mentioned by Samsung that “the number of Ns depends on the traffic or available channel resources”. Thus there is no need that a network can always increase Ns value of POs. Furthermore, we support, 1 PEI mapping for up to 4 POs in a PF and across the PF. 
Q3: In our view, PEI mapping to POs should be based on the maximum bit’s of paging indication field in the PEI DCI. As one PEI can be mapped for up to 4 POs, so PEI mapping should be define based on number of POs in a PF.  In case one PO is configured in each PF. Then one PEI can be used to indicate paging for each PO across 4 adjacent PFs. In case 2 or 4 POs are configured in a PF then one PEI can be used to indicate paging for 2 and 1 PF respectively. Thus we believe that the maximum value ofY should be 4, which may reduce the PEI transmission in each PF when one PO is configured in each PF. 


	Transsion Holdings
	Q1: Support, ‘POnumPerPEI’ can be{1,2,4}
Q2: Ns and the number of POs associated with PEI should be independently configured
Q3: Support one PEI for multiple PFs.As SSB has multiple period, Y should be flexible configured.

	Nokia(1st round)
	Q1: 
As commented above and in Proposal 2.3-2 it is discussed to have configurable DCI format size, (which is evidently needed for the UE to be able to detect the DCI). In addition to the (configurable) DCI size, UE needs to know the starting location of the sub-grouping field corresponding to the PO (and length of the sub-grouping field) and location of any other relevant fields (if agreed). 
The total number of POs mapped the PEI DCI format (e.g. as GC-PDCCH) does not matter from UE perspective. Hence, in principle we do not need a parameter to tell the UE what is the number of POs in the PEI (or the size of the paging related information field), but we need to tell the starting location of the PO sub-grouping field. Depending on other design decisions (e.g. SI change indication and ETWS indication support) the starting location of the UE specific field could of course be (integer) function of sub-grouping field length plus offset (if the other fields would be added to the start). 
Q2/Q3: 
As discussed the SSB periodicity is configurable (5ms ..160ms)  as  is paging cycle and number of paging frames. Hence, in some configurations it could be desirable, in order to ensure preferable PEI-PO relation to be able to map POs of different PFs to the PEI. This can be somewhat seen as a different question than the total number of POs that can be mapped to PEI. Also as discussed earlier, if we agree the maximum DCI format 2_7 to be (for example) 32, from (individual) UE perspective actual number of POs that are carried by the PEI is somewhat irrelevant. Acknowledging the fact that we have agreed to support max 4 POs, we would accept that limitation, but would like to consider not restricting the 4 POs to single PF. 


	IDCC
	We do not support PEI to multiple PFs. We think up to 4 POs in the same PF is sufficient.



For Q1, quoted below for ease of reference,
	Proposal 2.2-1:
Support mapping a constant number of PO(s) per PEI.
· Include a configurable parameter, ‘POnumPerPEI’, with possible value in the range {1, 2, ….}


· Yes (18 companies): Xiaomi (), MTK ({1, 2, 4}), Nordic, Samsung (>1 and not restricted ), Panasonic, Intel ({1, 2, 4}), CMCC, ZTE (“constant”  “configurable”), LGE (), Ericsson ({1, 2, 4}), Sharp ({1, 2, 4, 8, 16}), vivo, DoCoMo (), Lenovo/MotM (), Spreadtrum, OPPO (FFS range), TCL ({1,2,3,4}), Transsion ({1, 2, 4}), 
· No (3 companies): CATT, QC (#POs between SS bursts), HW & HiSi (#POs between SS bursts)

For Q2, quoted below for ease of reference,
	Q2: To utilize one PEI for multiple POs, do you think network can always increase Ns value of PO configuration? If yes, do you think whether one PEI for up to 4 POs in a PF is sufficient or not?


· Yes (12 companies): Xiaomi, MTK, Nordic, Intel, LGE, Ericsson, Sharp, vivo, DoCoMo, Apple, Lenovo/MotM, IDCC
· Yes for Ns; but prefer up multiple PFs (3 companies): CMCC, ZTE, QC
· No (8 companies): Samsung, Panasonic, CATT, HW & HiSi, Spreadtrum, OPPO, TCL, Transsion, 

For Q3, quoted below for ease of reference,
	Proposal 2.2-2: 
Support mapping 1 PEI to up to Y PFs in adjacent radio frames 
· Y = 2


· Yes (7 companies): Xiaomi (Y = 4), CMCC (Y = 4), ZTE (Y = 4), LGE (2nd preference with Y = 2), QC (implicit Y), Sharp, (Y depends on PEI’s capacity), HW & HiSi (Y = 2), Spreadtrum, 
· No: 
· Multiple PFs w/o constraint (7 companies): Samsung, Panasonic, CATT, OPPO, TCL, Transsion, Nokia
· No multiple PF (10 companies): MTK, Nordic, Intel, LGE (1st preference), Ericsson (specify 1 PEI for 1 PF as essential functionality), vivo, DoCoMo, Apple, Lenovo/MotM, IDCC

For companies’ inputs, we have the following observations:
· 10 out of 24 companies object multiple PFs even with restriction of consecutive PFs. There is currently no consensus on supporting multiple PFs.
· Moderator comment:  As per Ericsson’s suggestion, “The focus should be on finalizing the design for already-agreed mechanism (One PEI can be configured to indicate up to 4 PO(s) in a PF) before moving on to additional scenarios”, moderator would also like to suggest proceeding the specification based on what agreed in RAN1 #106-bis-e, instead of pending on multiple PF decision. The related specification for multiple PF can additionally included if there is consensus.

· 15 out of 23 companies think network can adjust Ns configuration so as to exploit PEI indication capacity. But 8 companies think we should not change network PO configuration.
· Moderator comment: From current PO configurable framework in TS 38.304 and TS 38.331, network can always keep the same PO locations while increasing Ns to 4. Please refer to the following illustration that can help clarify the achievability. The key is the flexibility provided by the IE ‘firstPDCCH-MonitoringOccasionOfPO’. We would like to suggest companies’ check and hope this can clarify why supporting 1 PEI for 1 PF doesn’t preclude mapping to multiple POs.
· @CATT: We check R15 TS 38.331 and Ns = 4 is supported since R15   
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· There are 18 out of 21 companies support a configurable ‘POnumPerPEI’. But 3 companies think we should allow that different PEI can indicate different number of POs.
· Moderator comment: To understand companies’ reason in supporting “different PEI can indicate different number of POs”, it will be useful to identify use case(s) and illustration(s) where “Support mapping one PEI to the same number of POs” cannot work. Since this is the last meeting, providing a simple but working mapping is important to complete the specification.

By the above, moderator would like to check companies’ views on the following questions:

Q4: What is your view(s)/suggested revision(s) on the following conclusion?
Possible Conclusion 
For Rel-17, RAN1 has no consensus in supporting mapping one PEI to multiple PFs.


Q5: Do you see any use case(s) or PO setting(s) where “Support mapping one PEI to the same number of POs” cannot work? If yes, it is appreciated if the specific configuration/illustration can be provided.


Q6: What is your view(s)/suggested revision(s) on Proposal 2.2-1 (r1)?
Proposal 2.2-1 (r1):
Support mapping one PEI to POnumPerPEI POs associated with a PF where POnumPerPEI is a factor of Ns and configured via SIB

Table 3: Companies’ views for the questions: Q4 – Q6
	Company
	Companies’ views

	Spreadtrum
	Q1: fine
Q2: In our view, increasing Ns may not be applicable in NR. In LTE, one PO is really one millisecond. In NR, one PO is set of PMO which may not be one millisecond.
A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent (TS 38.213 [4]).
In extreme case, gNB can only configured Ns=1, since gNB can only find 8 PMOs in a PF, e.g. 8 consecutive slots or 8 non-consecutive slots for 8 PMOs. Anyway, prioritizing within a PF may be a choice due to tight time frame.
Q3: Y=2 can be a compromise.
Q4: Y=2 is FFS, and we think it can be specified easily.
Q5: temporarily no. One PEI mapping to the different number of POs is too complicated.
Q6: OK. Some companies prefer 1 PEI mapping to 1 PO, even when Ns>1.

	TCL
	Q4: we support one PEI mapping to multiple PFs. However, if the majority do not support one PEI mapping to multiple PFs, then we are fine with the conclusion.
Q4: We are not quite clear about the intention of the statement “Support mapping one PEI to the same number of POs”. As in my understanding, one PEI mapping to 1 or multiple POs in a PF depends on the number of configured POs in a PF. Furthermore, different PFs may have configured with different number of POs, which depends on traffic and channel conditions. So we do not see any use case where one PEI should be mapped to the same number of POs. 
Q6: we are generally ok with this proposal, where the value of Ns can be {1, 2, 4}. However, we still support 1 PEI mapping to 3 POs in a PF use case. 

	Xiaomi
	Q4: OK
Q5: one PEI for 3 POs may not be feasible, if we do not support one PEI to multiple PFs.
Q6: more prefer POnumPerPEI is equal to Ns. but can also be fine with the proposal.

	MediaTek
	For Q4:
We think the conclusion reflects current status, and is useful to speed up the progress. On the other hand, NR determination framework is flexible so that multi-PF case with Ns = 1 or 2 can be transformed to 1 PF with Ns = 4 (as explained in moderator reply on 11/12 UTC). We hope the following illustration can help resolve Spreadtrum’s concern.
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For Q5: 
We think there is no case where “Support mapping one PEI is mapped to the same number of POs” cannot work. On the other hand, having each PEI indicates the same number of POs is even more beneficial to simplify the specification. When restricted to 1 PF, one PEI indicates to 3 POs and the other PEI indicates 1 PO may not be an effective configuration in terms of performance and resource. Two PEIs with each PEI mapped to two POs achieve benefit of more consistent performance, and one PEI mapped to 4 POs is more resource efficient (by virtue of less CRC overhead). Overall, we see no strong use case for supporting 1 PEI for 3 POs in a PF.

For Q6:
We are supportive of Proposal 2.2-1 (r1), which is a simple and useful way forward.


	vivo
	Q4: OK with the conclusion.

Q5: We fail to see that “support the same number of POs mapped to PEI” cannot work. From our understanding, the key point is there is no additional benefit by supporting different number of POs mapped to PEI, whereas the same associated number of POs mapped to PEI can guarantee the consistence configuration for PEI occasion and PEI DCI size budget etc.

Q6: Ok with proposal 2.2-1 i.e., Support mapping one PEI to POnumPerPEI POs associated with a PF where POnumPerPEI is a factor of Ns and configured via SIB. And for clarification, the following is supported,
Ns=1, mapping 1 PEI to 1 PO (no RRC configuration)
Ns=2, configurable either mapping 1 PEI to 1 PO or 2 POs
Ns=4, configurable either mapping 1 PEI to 1 PO, 2 POs or 4 POs


	LGE
	Q4: We are fine with the conclusion
Q5: We do not see any benefits from configuring each PEI-O to have different number of associated POs. 
Q6: We prefer POnumPerPEI is equal to Ns. 

	Nordic
	Q4: OK
Q5: not aware of any case
Q6: OK

	IDCC
	We are ok with the proposals.

	Huawei, HiSilicon
	Q4: Yes, we may not be able to achieve the conclusion. But, we think the most important thing is to handle how PEI can indicate all the POs within a SS burst period. Moderator tried to provide the figure to show that gNB may be able to always avoid the configuration of 2 POs in 2PF and to just configure it as 4 POs in one PF. However, we would like to ask a question if we wants PEI feature not allowed to be used for the configuration of 4POs in 2 PF. We think the PEI design should be at least robust to work for potential configurations.
Also, I think Moderator’s figure just show that it is not important whether a PEI can map POs across PFs or not. The important factor is the SS burst period length and how many POs could be within a SS burst period. Also, for the concern of paging latency, we think it is not related with whether PEI maps across PF and it is actually relates with the SS burst period, considering the UE anyway need to wake-up to receive the SS burst and PEI (PEI needs to be close to SS burst for power saving) before the PO.
So, even if we could not achieve conclusion on whether PEI can maps to POs across PFs, it is OK. We think we should directly discuss how we map PEI with POs within a SS burst period, e.g. 20ms. 

Q5: yes. We think “Support mapping one PEI to the same number of POs” could cause the gNB transmit multiple PEI DCIs for POs between two adjacent SS bursts. One PEI should be able to indicate all POs between two adjacent SS bursts. We think it is an issue if the gNB to transmit multiple PEI DCIs for POs in the same SS burst period from gNB perspective. This may have two issues. The first one is the resource overhead of PDCCH. The second issue is if multiple PEI occasions need to be introduced, it would be difficult to guarantee the location of PEI detection is close to SS burst, which could eliminate the power saving gain of PEI.

Moderator’s figure, in our view, actually shows that we should focus on how the PEI maps to all POs during a SS burst period, and it is not important regarding whether PEI can map within a PF or across PFs. If there are four POs between the two adjacent SS burst, one PEI just maps to 4 PO, with 8 sub-groups for each. 

We don’t understand why we introduce a parameter of POnumPerPEI to configure one PEI maps to 1 or 2 POs even though one PEI can already support 4 POs. If the concern is the payload, we think the sub-group numbers per PO for the dense PO configuration should not be very high. Also the cyclic mapping could be used.

Q6:
We do not support the Proposal. We don’t think the parameter is needed, and we think transmission of multiple PEI DCIs is not acceptable from gNB perspective to indicate POs within the same SS burst. One PEI should be able to handle all POs within a SS burst period. If the number of subgroups * number of POs within a SS burst is higher than the DCI payload, some cyclic mapping can be used, or the number of sub-groups per PO can be restricted to a smaller value for the dense PO configuration.

	Nokia2
	Q4:
While would prefer to support mapping over multiple PFs, this seems to be fair summary of the status. To progress the design we think that we should make an agreement on this issue directly rather than building design that precludes/complicates the support.

Q5:
I presume the intention is to say that the number of POs that are mapped to PEI are constant for all POs/PFs, which would be fine for us.

Q6:
Following from the Q5, would this be: ‘…configured via SIB for the cell’ implying that this would be cell level parameter, and thereby same for all POs/PFs?



	Panasonic
	On Q4, we suggest to go for the majority view on whether one PEI indicating multiple PFs. On the other hand, the function of the PF is mainly for locating different UEs into corresponding POs, which is an intermedia term. 
In the design of PEI DCI, what really matters is the number of indicated POs but not the number of PFs. It also works for the specification to just agree on the concrete number of POs and the upper limit, without struggling on the number of PFs. 

On Q5, we are okay to support consistent number of POs indicated by a PEI.

On Q6, as mentioned, on whether to support only one PF,  for sake of progress, we propose to follow the majority view.

	Qualcomm
	Q4: We object this possible conclusion. This conclusion has a strong dependency on the PEI-O location determination. We think the only reasonable solution for PEI-O is based on alignment between PEI and SSB. In this case, mapping PEI to multiple PFs is necessary. 

Q5: The mapping from PEI to same number of POs in general is problematic to achieve any material power saving for UE by aligning SSB and PEI location. For that, the number of POs mapped to a PEI is determined by number of POs falling in the SSB periodicity.

Q6: We object this proposal. As mentioned above, the number of POs mapped to PEI is not constant over time because POs are not evenly distributed in time but SSBs are evenly distributed in time. Once PEI is aligned with SSB for UE power saving, number of POs mapped to a PEI cannot be constant. 


	CATT
	Q4: We object this proposal.   The mapping from PEI to POs within and cross PFs need to be finalize.  We would consider the Rel-17 work item incomplete if there is no final decision on this. 

Q5: We see this is problematic in the implementation since different number of UEs in different area (e.g. rural vs urban area).  Specification should give network the flexibility in configuring number of POs per PEI.  

Q6:  We object this proposal.  There is no benefit with limitation in deployment when the number of paging subgroups is small or paging sbugroups are not configured by network.  

	Ericsson2
	Q4 : Support. 
Q5 : No – it is sufficient to have “Support mapping one PEI to the same number of POs”. 
Q6 : Support.

	Samsung 
	Q4: In our view, there is no additional spec efforts to support one PEI to multiple POs across PFs. From UE perspective, UE doesn’t need to care about whether the POs indicated by a PEI are within a PF or not.  The design should work for any possible PO configurations, e.g. gNB only configure 1 PO in one PF. So, we don’t think the conclusion is needed.

Q5: No. We think a common POnumPerPEI should be applied to all PEIs in the serving cell.

Q6: It restricts that the number of POs indicated by the same PEI are within a PF, which is not needed. We think POnumPerPEI is a factor of total number of POs is sufficient. We prefer a more flexible configuration of PEI-O location and mapping between PEIs and POs. 

	Intel
	Q4: Support conclusion
Q5: Same number of POs per PEI is sufficient. Further flexibility/optimizations not strongly needed.
Q6: Although suggested proposal works, but it can be made simpler with POnumPerPEI = Ns

	ZTE, Sanechips
	Q4:
We are agree that network can configure the Ns value, while the Ns should be configured regardless the number of POs associated with one PEI. Therefore, whether Ns can be equal to 4 and whether PEI can be associated with PO cross PF are not directly related.  In addition, a PO can contain a maximum of 8 sub-groups, but not always 8. When the number of sub-groups is small or the sub-group is even not supported, the network should have flexibility to associate one PEI with multiple POs, for example, when N=T, Ns=2, one PEI should be associated with 8 POs/4PFs. Therefore, mapping one PEI to multiple PFs should be supported. 

Q6:
The proposal can be modified as following:
Support mapping one PEI to POnumPerPEI POs associated with a PF where POnumPerPEI is a factor or multiple of Ns and configured via SIB


	Apple2
	Q4: fine with the conclusion.
Q5: we do not see any such use cases or benefit supporting different number of POs in a PEI.
Q6: Support the proposal.

	DOCOMO
	Q4: Support. 
Q5: Same number of POs per PEI is simply way.
Q6: We prefer POnumPerPEI is equal to Ns, but for the sake of progress we can fine with the proposal.

	OPPO
	Q4: “One PEI can be configured to indicate up to 4 PO(s) in a PF” has been agreed in RAN1 #106-bis-e. It means 1 PEI can be associated with multiple POs, we prefer the similar mapping (1 PEI map to multiple POs) when only one PO in a PF. Thus, we prefer one PEI can be configured to indicate multiple POs across multiple PFs.

Q5: Support consistent number of POs indicated by a PEI.

Q6: We prefer “mapping one PEI to POnumPerPEI POs” without the limitation that all the POs are in the same PF.





After further discussion in the email thread titled “[107-e-NR-R17-PowSav-01] Email discussion regarding potential paging enhancements”, the following agreement is achieved:

Agreement
Support mapping one PEI to POnumPerPEI PO(s) in one or multiple PF(s)
        POnumPerPEI is a factor of [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image036(11-18-20-31-35).png] (total PO number in a paging cycle) and configurable via SIB for the cell with the value range of {1, 2, 4, 8}
· The Maximum number of PF associated with one PEI is up to 2
        Note: Maximum number of paging indication bits in DCI format 2_7 can be kept the same for any configuration of POnumPerPEI, e.g., by applying a smaller subgroupsNumPerPO and a larger POnumPerPEI.
        Note: Larger value of POnumPerPEI can reduce the average PEI overhead per PO, but there can also cause potentially larger paging latency and larger UE power consumption due to longer UE wake-up time before PO monitoring, which can be significant with large value of (T/N).



Detailed DCI Content Design
In the following table, companies’ related views and proposals are collected:

	Company
	Companies’ Views

	Huawei, HiSilicon
	[image: ] 
Figure 5. DCI format for PEI transmission.

Proposal 4: Paging indication field, TRS availability indication field and SI change/ETWS field are supported by the new DCI format of PEI DCI, i.e. DCI format 2_7, where:
· Paging indication field is mandatory if the DCI format is configured in the SIB;
· TRS availability indication field are optionally configurable and the bit length follows the agreement in potential TRS occasion, which could be configurable or fixed to 1;
· Two bits of SI update and ETWS change notification can be optionally configured in the DCI format;

Proposal 5: The DCI format size of PEI DCI is smaller than that of DCI format 1_0, which is:
· Atl.1: Explicitly configured by DCI format 2_7;
· Alt.2: implicitly determined by the sum of configured fields;

[image: ]
Figure 6. Example of 4PFs in one SS burst periodicity and 2POs sharing the same bit in paging indication field in PEI-DCI

Proposal 8: For paging indication field of x bits in PEI DCI, the associated sub-group indication bit index of the j-th sub-group in the i-th associated PO is calculated by (i-1)*M+(j-1) mod x, where:
· M is configured  by subgroupsNumPerPO;
· N is the number of total POs in each SS burst periodicity, which is figured out by existing paging configuration and SSB configuration;
· x is the length of paging indication field.

Proposal 9: For the field length of paging indication field, narrow down from the following alternatives:
· Alt.1: the field length of paging indication field is calculated by x=min (M*N, X);
· Alt.2: the field length of paging indication field is explicitly configured by higher layer parameter, which is not larger than X;
, where: 
· M is the number of sub-groups per PO, which is configured  as a per cell parameter, subgroupsNumPerPO;
· N is the number of total POs in each SS burst periodicity, which is figured out by existing paging configuration and SSB configuration.
· X is the maximum length of the field to guarantee the reliability of PEI DCI detection, which is specified as 32 or 16 based on the decision by the group.

Proposal 10: Use the same principle in paging DCI to indicate availability information for assistance TRS in PEI DCI:
· The start location of TRS availability indication field is determined by the length of paging indication field;
· The length of TRS availability indication field could be configurable or fixed to 1, based on the conclusion in assistance TRS occasion.


	ZTE, Sanechips
	[bookmark: _Toc19601][bookmark: _Toc86840264][bookmark: _Toc71707436][bookmark: _Toc25809][bookmark: _Toc15724][bookmark: _Toc16936][bookmark: _Toc12351][bookmark: _Toc20522][bookmark: _Toc25123][bookmark: _Toc22388][bookmark: _Toc3073][bookmark: _Toc14718][bookmark: _Toc25635][bookmark: _Toc8943][bookmark: _Toc4646][bookmark: _Toc79161258][bookmark: _Toc68621489][bookmark: _Toc4231][bookmark: _Toc87031835]Proposal 2: The TRS availability indication conveyed by PEI should be supported.
[bookmark: _Toc23576][bookmark: _Toc86840265][bookmark: _Toc87031836]
Proposal 3: The SI change and ETWS information carried by PEI should be considered.
[image: ]
Figure 1 Bit structure of PDCCH-based PEI
[bookmark: _Toc87031837]
Proposal 4: A bit structure of PEI in Figure 1 can be supported.


	vivo
	Proposal 3: In a PEI DCI, a UE can obtain its paging indication block based on the the associated PO index in a PF and then figure out its corresponding bit according to the index of subgroup notified by the network.



Figure 5: An example for the overlapping between multiple PEI-Os in a PEI-frame.

Proposal 10: It is necessary for PEI DCI to notify the indicated PO index(es) to avoid the ambiguity e.g., adding 0-2bits PO index(es) indication in PEI DCI.

· TRS availability indication
This should be decided in AI 8.7.1.2 and then we can just follow the agreements on TRS availibility indication endorsed in RAN plenary #93 [6], which refers to that if TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats.

Proposal 11: SI update indication delivered in PEI DCI should be precluded.


	TCL 
	Proposal 1: Consider the following fields in the PEI DCI format with the maximum number of bits: 
· Subgroup paging Indication field: 32 bits 
· TRS Availability Indication field: 6 bits 
· SI change and ETWS notification field: 2 bits


	Spreadtrum 
	

	CATT
	Proposal 6: Short messages are not supported by PDCCH-based PEI.

Proposal 13: If one PEI indicates N1 POs and the number of sub-groups per PO is G, the new DCI format of PEI contains N1 groups of bit fields and each bit field of a paging group contains G bits.

Proposal 14: A UE determines the corresponding bit location in PDCCH-based PEI based on PO_Index, G and its sub-group number, where PO_Index is the index of PO within multiple POs, and G is the number of sub-groups per PO.



Figure 7: The bit fields design of PDCCH-based PEI

Proposal 18: TRS availability indication should not be carried in PDCCH-based PEI.


	OPPO
	

	Sony
	

	Intel 
	Proposal 1: Essential function of PEI includes providing indication for UE paging sub-grouping information only. 

Proposal 6:  DCI payload of PEI can be configurable.

Proposal 11: UE may follow TRS availability indication (if agreed) by PEI regardless of whether UE is indicated to monitor PO or not by the same PEI.


	Xiaomi
	Proposal 4: Support PEI-DCI has the same DCI payload as paging DCI, typically 40 bits, and has different RNTI from P-RNTI

Proposal 7: PEI will alert the UE to wake up only when paging message is expected. 


	CMCC
	Proposal 5. When UE subgrouping is not configured, for one UE which PO’s index is i_s, 
· If 1 PEI indicating Ns POs in one PF, the i_sth bit in PEI is used to indicate wake up information;
· If 1 PEI indicating K*Ns POs in K PFs, the [(SFN*N/T mod K) *Ns+ i_s]th bit in PEI is used to indicate wake up information, where SFN is the UE’s PF frame.

Proposal 6. When UE subgrouping is configured, for one UE which PO’s index is i_s and subgroup index is m, where m = 0, 1, … M-1, M is the total number of subgroups in one PO,
· If 1 PEI indicating Ns POs in one PF, the [i_s*M+m]th bit in PEI is used to indicate wake up information;
· If 1 PEI indicating K*Ns POs in K PFs, the [(SFN*N/T mod K) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information, where SFN is the UE’s PF frame.


	Transsion Holdings
	

	Panasonic
	Proposal 1: In the DCI format for PEI, the early indication of multiple POs within a PF and across multiple PF(s) are both supported. The number of POs are configurable by SIB by granularity of PF(s).

Proposal 2: Sub-grouping information and the used bit width are configurable in SIB. 

Proposal 3: For the DCI format defined for PEI, one or more blocks can be configured for subsequent PO(s) and the TRS availability/unavailability indication. In addition, an upper limit of the DCI format size should be defined.


	Samsung
	Proposal 1: Support PEI with UE subgrouping as the only function for paging enhancements in NR Rel-17.

Proposal 5: The bit mapping for PEI can be determined based on UE subgroup index, , and order of the target PO,  such that the (+1)th bit in the DCI payload maps to (+1)th UE subgroup from the ( +1)th PO indicated by the PEI, where
·  = 0, 1, …, number-of-PO  -1,
·  = 0,1, …, subgroupsNumPerPO -1


	Apple
	Proposal 1: The size of the PEI DCI is configurable by the gNB, and it should be no larger than the size of paging DCI.

Proposal 2: The new DCI format for PEI can be configured to carry SI update and ETWS indication.

Proposal 3: The new DCI format for PEI can be configured to carry TRS availability indication.


	Lenovo, Motorola Mobility
	

	InterDigital
	

	LGE
	Observation 1: TRS/CSI-RS availability indication via PEI is beneficial in terms of UE power saving and reducing NW overhead.

Observation 2: Indicating availability for the TRS/CSI-RS occasion(s) considering beam selectivity manner can reduce the DCI overhead of the PEI.

Observation 3: Once the SI change indication is transmitted, repetitions of SI change indication may occur within preceding modification period. 

Observation 4: Conveying information with regard to SI change indication and/or ETWS/CMAS notification over PEI is beneficial from power saving perspective.

Observation 5: Compared to the Alt 1-a, conveying information with regard to SI change indication and/or ETWS/CMAS notification over PEI does not increase the NW overhead.

Proposal 1: PEI conveys the following information in addition to UE group/subgroup indication.
· TRS/CSI-RS availability indication  
· Information with regard to SI change indication and ETWS/CMAS notification 
· If supported, indication of stop PEI Monitoring 

Proposal 2: The DCI for the PEI contains the bitmap for the UE group and UE sub-group indication. 
· The number of UE sub-groups for a PO (i.e. NSG) is configured via higher layer
· The number of UE groups associated with a PEI is NS, where the NS is a paging parameter that is for determining a number of POs in a PF.
· The size of the DCI field for the UE group and UE sub-group indication is NSG*NS. 


[bookmark: _Ref83891296]Figure 4

[bookmark: _Ref83896275]Table 1
	Contents
	The number of DCI bits
	Example (12 bits)

	UE group and subgroup indication
	NSG(# of sub-group for a PO) * NS (# of POs for a PF)
	8 bits

	TRS/CSI-RS availability indication
	[0 or 1 or 2]
	1 bits

	SI change indication
	1
	1 bit

	ETWS/CMAS notification
	1
	1 bit

	Stop PEI monitoring
	0 or 1
	1 bit

	Reserved bits
	Configurable
	0



Proposal 3: The DCI for the PEI contains 
· [1 or 2] bits for the TRS/CSI-RS availability indication, if configured. 
· 2 bits for indicating SI change indication and ETWS/CMAS notification.
· 1 bit for stop PEI monitoring indication, if configured. 
· X bits for reserved bits field, where X is configured via higher layer.

Observation 6: The size of the DCI format for the PEI can be aligned with the DCI format 0_0/1_0 when zero bit padding is applied.

Observation 7: When the UE only monitors a PEI at a PEI occasion, UE may assume that bits in the padding bit field are frozen bits for PDCCH decoding.

Proposal 5: Zero bit padding for the DCI size alignment is applied to the DCI format for the PEI.


	NTT DOCOMO
	Figure1. A solution of how to define the bit fields corresponding to essential function
	Subgroup Info #1 of PO#1
	1 bit
	Information for PO#1

	:
	:
	

	Subgroup Info # X of PO#1 (※Note1)
	1 bit
	

	:
	:
	:

	Subgroup Info #1 of PO# Y
	1 bit
	Information for PO#X (※Note2)

	:
	:
	

	Subgroup Info # X of PO# Y
	1 bit
	

	TRS availability indication

	Z bit (※Note3)
	Information for all associated POs

	Short Message
	2 bit
	Information for all associated POs

	Note1: X is the number of subgroups in one PO.
Note2: Y is the number of the associated POs.
Note3: Z is up to decision in AI 8.7.1.2.



Proposed 3: DCI size for PEI should be implicitly derived from number of POs, number of subgroups, whether or not TRS availability indication and Short Message is included in PEI. 

Proposed 5: UE should be informed, via SIB, of whether or not TRS availability indication and Short Message are included in PEI. 


	Ericsson
	[bookmark: _Toc87041011]Observation 3 In deployments where subgrouping is not used, no bits shall be wasted on subgrouping information. 

[bookmark: _Toc87041018]Proposal 2 When subgrouping is not configured in the cell, but PEI is configured, PEI presence invokes all UEs at the addressed PO. 

[bookmark: _Toc87041019]Proposal 3 PEI shall support addressing 2…8 subgroups. The same number of subgroups is applicable to all POs of the cell.

[bookmark: _Toc87041020]Proposal 4 The number of bits assigned to subgrouping is controlled via the RRC configuration parameter subgroupsNumPerPO with range 1...8, where value 1 means that no subgrouping is configured.

[bookmark: _Toc87041021]Proposal 5 PEI supports individual addressing of up 8 subgroups belonging in up to 4 consecutive POs associated with the same paging frame.

Proposal 8 PEI DCI payload size is configured through a higher layer broadcast configuration parameter, including a maximum value 41 bits.

[bookmark: _Toc87041012]Observation 4 Use of reserved bits in paging DCI (as a PDCCH-PEI) in one PO as paging early indication for UEs in one or more groups in other POs can further reduce PEI signalling overhead.

[bookmark: _Toc87041026]Proposal 10 PEI design should allow the use of reserved bits in paging DCI in one PO as paging early indication for UEs in one or more groups in other POs.

[bookmark: _Toc87041027]Proposal 11 PEI design should allow potential future size extension.

[bookmark: _Toc87041028][bookmark: _Toc7813649]Proposal 12 TRS presence is configured in PEI.

[bookmark: _Toc87041029]Proposal 13 The locations of the following information elements within the PEI DCI is   configurable via higher layer broadcast configuration:
- Subgroups per PO
- TRS availability

[bookmark: _Toc87041033]Proposal 17 ETWS/CMAS/SI updates indication is not included in PEI. In case of SI update or public warning transmission, the NW invokes all UEs so that they find the relevant information in corresponding POs.


	Qualcomm 
	

	MediaTek 
	Proposal 4: For the case 1 PEI indicates multiple POs in a PF,
· There are POnumPerPEI segment of subgroupsNumPerPO bit(s) in the paging indication field
· Given UE’s PO index in the PF is , UE’s paging indication lies in the 
((i mod PONumPerPEI) + 1)th segment of the paging indication field


	Nokia
	Proposal: The PEI DCI format configuration should provide for each PO the location of the subgrouping field. Subgrouping field and DCI size could be configured in cell specific manner.

Proposal: To enable providing additional information, i.e. ‘systemInfoModification’, ‘etwsAndCmasIndication’ and L1 availability indication in PEI, the PEI DCI format configuration should provide the location (and size) for each information field. The location of these fields, if configured, could be at the start of the DCI format so that it can be common for all PEIs/POs.

Proposal: Consider further whether PEI could be configured to carry ‘systemInfoModification’ indication bit and/or ‘etwsAndCmasIndication’ indication bit. Inform RAN2 of the RAN1 decision and assumed UE behaviour.
 
Observation: The DCI size for PDCCH-based PEI should be configurable, from 1 to [35] bits.

Table 1 Energy consumption saving loss for L1 availability indication in paging DCI as compared to the availability indication being included in the PEI. All numbers in %. [6]
	L1 availability indication probability
	Low SINR
	Medium SINR
	High SINR

	20 %
	-11.4
	-7.6
	-4.9

	40 % 
	-22.7
	-15.2
	-9.8

	60 %
	-34.1
	-22.8
	-14.6



Proposal: Support configuring L1 availability indication in PEI.


	Nordic
	Proposal-1: Support only the cases where PEI is mapped to 1,2 or 4 POs of a single PF in R17. Max size of DCI format payload is 34 bits.
· Up to RAN2 whether to reuse P-RNTI or introduce PEI-RNTI




From the above table, it is observed companies all support simple “bitmap” structure for multiple subgroups and multiple POs. In this regard, moderator would like to check the following two questions:


Q1: What is your view and suggested revision on Proposal 2.3-1
Proposal 2.3-1:
When UE is provided a PO index, , among the indicated POs by the target PEI and a subgroup index, , UE is required to monitor its PO if  -th bit of paging indication field is set to ‘1’.  

Q2: Do you consider  maximum paging indication field size, [32]? If yes, do you support circular mapping as proposed by HW & HiSi, as illustrated below:

[image: ]

Regarding DCI payload size, the following statistics can be obtained:

DCI format 2_7 payload size:
· Configurable by network (6 companies): HW & HiSi, Intel, Panasonic, Apple, Ericsson, Nokia, 
· Implicitly determined by the sum of configured fields (6 companies): HW & HiSi, ZTE, vivo, TCL, CATT, DoCoMo, Nordic
· Fixed (1 company): LGE (zero-padding to paging DCI payload size)

It is observed that proponents on configurable DCI payload size considered the coexistence with legacy PDCCH. For example, if the DCI format 2_7 payload size is configured to be the same as that of paging DCI, UE blind decoding complexity is reduced if both DCI formats share the same CORESET occasion. Additionally, having reserved bits can also be beneficial for future extension. By the above, moderator would like to invite companies’ views on the following question:

Q3: Please provides your views and/or suggested revision on the following Proposal 2.3-2
Proposal 2.3-2:
Payload size of DCI format 2_7 is configurable in SIB 
· No larger than paging DCI size
· The undefined bit(s) is reserved bit(s)

For TRS availability indication, moderator would like to suggest it is up to TRS agenda decision. 

For the support of short message, the following statistics can be obtained:
Support of short message (SI change and ETWS):
· Yes (7 companies): HW & HiSi (2 bits), ZTE, TCL (2 bits), Apple, LGE, DoCoMo (2 bits), Nokia (field at start of DCI format)
· No (4 companies): vivo, CATT, Ericsson, Nordic

Proponent of “Support” think it is beneficial to avoid unnecessary wake-up in the preceding modification period. Also the overhead can be shared across the POs indicated by the same PO and 2 bits per PEI look sufficient. In this regard, moderator would like to check companies’ views on including a 2-bit field for SI change and ETWS. For network not desiring to support the feature, we can consider the 2-bit filed configurable.  

Q4: Please provides your views and/or suggested revision on the following Proposal 2.3-3
Proposal 2.3-3:
A 2-bit field, one bit for SI change indication and one bit for ETWS indication, can be configured in DCI format 2_7

Table 4: Companies’ views to the above questions
	Company
	Companies’ views

	Xiaomi
	Q1: Support Proposal 2.3-1.
Q2: We are not sure about the need and benefit to support such case. 
Q3: Support Proposal 2.3-2.


	MediaTek 
	For Q1:
We are supportive of Proposal 2.3-1. It is the simple ‘bitmap’ design for given parameters of , ,  and . If there only supports 1 PEI for 1/2/4 POs in a PF, we also have  mod , where  is the PO index derived from PO determination as per TS 38.304. In this regard, we suggest to include an sub-bullet for specifying 

Proposal 2.3-1 (Updated)
When UE is provided a PO index, , among the indicated POs by the target PEI and a subgroup index, , UE is required to monitor its PO if  -th bit of paging indication field is set to ‘1’.  
· If 1 PEI is mapped to 1/2/4 POs in a PF,  mod , where  is the PO index derived from PO determination as per TS 38.304

For Q2:
Since we support 1 PEI for up to 4 POs in a PF, there will be no such condition with maximum paging indication field size of 32 bits. In this regard, we do not consider this case.

For Q3:
We are fine with the proposal. Intentionally setting an aligned DCI format size with paging DCI can indeed help reducing UE blind decoding complexity, but we are not keen to such setting since reusing the control resource of PO may not optimize the UE power saving gain. On the other hand, we see the configurable payload size and reserved bits allows future extension of PEI functionality, which is more attractive for us. 

For Q4: 
We are supportive of Proposal 2.3-3 since 2-bit indication is a small overhead, and it is useful for UE to avoid dummy PO monitoring what the SI update or ETWS information is acquired but the modification period doesn’t expire.


	Nordic
	Q1: Support
Q2: We do not support mapping of PEI to multiple PFs
Q3: Proposal should  be

Payload size of DCI format 2_7 is configurable in SIB 
· Max size is [X]
· The undefined bit(s) is reserved bit(s)

Q4: Do not support, only Subgroups and Idle TRS validation 


	Samsung
	Q1: We are OK with P2.3-1
Q2: No. We think bitmap based indication is sufficient. 
Q3: The explicit configuration of the payload size is not needed. It depends on the paging indication field size, which is  if paging indication field is the only functionality supported. Even if TRS availability indication is supported, we should consider the case only paging indication field is configured. We should prioritize the essential function in the last meeting, while TRS availability indication is not essential. So, we suggest the following revision. 

Payload size of DCI format 2_7 is   if only paging indication field is configured configurable in SIB 
· No larger than paging DCI size
· The undefined bit(s) is reserved bit(s)

Q4: We cannot accept it. We are not convinced by the gain considering the SI or ETWS indication has a much lower transmission rate than UE paging rate. It’s redundant functionality, which has been supported in paging PDCCH. The new DCI format should only indicate UE to wake up for paging PDCCH reception. 


	Panasonic
	On Q1, Proposal 2.3-1 is okay with us.
On Q2, it is good to clarify the merit on using circular mapping, as it looks like same effect by adjusting the subgroupsNumPerPO.
On Q3, Proposal 2.3-2 is okay with us.
On Q4, we are open to discuss proposal 2.3-3 if time allows.

	CATT
	Q1: We are OK with the principle of mapping 

Q2: We don’t support circular mapping, which have additional complexity without any benefit.  

Q3  The size of DCI format 2_7 should be implicitly derived from the number of POs per PEI and the number of paging subgroup per PO without specific higher layer signaling.   The DCI formats 2_7 to the paging DCI would be distinguished by new PEI-RNTI.

Q4: We have strong concern on the proposal since this is not an essential function for PEI, which is the requirements agreed in RAN#93.    We can NOT agree on this proposal.   

	Intel
	Q1: Support

Q2: Do not support

Q3: Support main bullet , without the sub-bullets. We have concern on PEI DCI having similar size as paging DCI

Q4: SI update, ETWS indication are not essential functions to be indicated by PEI. Do not support

	Qualcomm
	Q1: we support proposal 2.3-1
Q2: we do not think network should configure the number of subgroups across POs indicated by the PEI larger than the maximum number of DCI size of PEI. Network can simply reduce the number of subgroups per PO to avoid this condition. 
Q3: we do not think network needs to configure the number of used bits within the DCI. Network only needs to configure a DCI size, i.e., maximum number of bits that can be used. UE can derive the actual number of used bits used for paging indication.
Q4: do not support. Network can page the UE to receive SIB update and ETWS from the paging PDCCH

	Sharp
	Q1: ok
Q2: the benefit is not clear, we don't support it
Q3: ok with the proposal
Q4: we are open to support it

	CMCC
	Q1: We think this proposal is only workable under the condition of one PEI associating with one PF, the bitmapping of one PEI with multiple PFs need FFS
Q2: Don’t support
Q3: Fine
Q4: Don’t think it is essential to include these 2 bits in PEI.

	ZTE, Sanechips
	(1)We are okay with proposal2.3-1;
(2)We don't think we need to consider the case in Q2. Network can flexibly adjust the paging information field according to the number of POs /sub-groups. 
(3)we are okay to restrict that the PEI payload size should be no larger than paging DCI considering PEI detection performance should be better than paging DCI. However, the second  sub-bullet is unclear to us with regard to what it the “undefined bits”
(4)Proposal 2.3-3: support. Indication of SI change and ETWS can help UE to skip PO detection to the most degree, which provides the best power saving gain. 


	LGE
	Q1: We are fine with proposal 2.3-1
Q2: Sharing indication bit for a multiple UE group is not preferred since it is not aligned with the benefit from the UE subgroup indication. Also, as we commented in a previous section, we support one PEI mapping up to Ns PO(s) within a PF. 
Q3: Although our view is supporting DCI size alignment for PEI DCI, if we are the only company who support it, we can compromise to move forward. Regarding the proposal 2.3-2, we are fine with the main bullet and the second sub-bullet. As usual DCI design, reserve bits are useful from forward compatibility point of view, and configurable size would be beneficial to allow gNB handle the DCI payload by eliminating unnecessary bits. For the first sub-bullet, these restrictions may not be necessary if a new RNTI is used for PEI.
Q4: We support the proposal 2.3-3. By indicating SI change and PWS notification via PEI, UE can avoid unnecessary power consumption by PO monitoring. Also, it should be noted that repeating SI change indication during the modification period can be expected to guarantee UEs acquire updated system information. 

	Ericsson1
	Q1: In principle OK, but may need update – UE is not provided with any PO index (or at least there is no such higher layer parameter). Also given the note in 38.304 (A PO associated with a PF may start in the PF or after the PF.), perhaps using associated might be better than “in”. Suggested updates based on MTK version below.

Proposal 2.3-1 (Updated)-E//
When UE is provided a PO index, , among the indicated POs by the target PEI and a subgroup index, , UE is required to monitor its PO if  -th bit of paging indication field is set to ‘1’.  
· If 1 PEI is mapped to 1/2/4 POs in associated with a PF,  mod , where  is the PO index derived from PO determination as per TS 38.304

Q2: No – we are not convinced of the need to support more than 32 paging occasions using single PEI. 
Q3: Support, including maximum DCI size = 41 bits. As we show in our contribution, we see no issue with allowing maximum 41-bit payload for PEI – actual configuration details can be left up to NW implementation.
Q4: Do not support. 


	Huawei, HiSilicon
	Q1: We are in generally fine for the sequential mapping by firstly sub-group ID and then PO index. However, we think some condition should be added to consider how to handle the case when  maximum paging indication field size in Q2. 
Maybe we could revise it as:
Proposal 2.3-1:
When UE is provided a PO index, , among the indicated POs by the target PEI and a subgroup index, , UE is required to monitor its PO if  -th bit of paging indication field is set to ‘1’, if  maximum paging indication field size .

We think it would be better to discuss Q1 and Q2 together.

Q2: After reading comments from companies, we think we should explain the benefit/merit of circular mapping. 20ms SS burst period is a typical case. However, gNB has the requirement for gNB side energy saving, which may prolong the SS burs period and broadcast it in SIB, e.g. 40ms, 80ms and 160ms. In this scenario, more POs/PFs may exist in one SS burst period. For example, for 160ms SS burst period, there could be up to 16*4 POs already. This would be already larger than the size of paging DCI. Some companies may argue that multiple PEI DCIs could be transmitted. However, as I replied for Q1 in section 2.2. Multiple PEI DCIs transmission is not acceptable from gNB perspective.

Q3: we are fine with it. However, to avoid any confusion in future, maybe “explicitly” should be added before “configurable”.

Q4: we support the proposal. Maybe we could add “optionally” before “configured” to make clear that network may or may not configure it based on gNB’s preference.

	vivo
	Q1: We are supportive.

Q2: We do not support "subgroupsNumPerPO"×"POnumPerPEI"> maximum paging indication field size, since this can be avoided by the proper network configuration. As such, no need to design circular mapping. 

Q3: We are partially acceptable for Proposal 2.3-2. The total payload size of DCI format 2_7 can be configurable in SIB. However, the two subbullets should be deleted. And the paging DCI size should be addressed after the decision on the maximum payload for paging indication field. 

Q4: Not support. As per the agreement endorsed in RAN plenary #93 [6], SI update indication and ETWS indication delivered in PEI should be precluded since they are not an essential function for PEI.

	DOCOMO
	Q1. We are generally fine with the proposal 2.3-1.
Q2. We do not consider this case.
Q3: We are open to discuss Proposal 2.3-2.
Q4: If we agree with Proposal 2.3-2, it means there may be some reserved bits depending on configuration. Short message is only 2-bit indication, thus we think there are cases where it is not burdensome to send this information via PEI. So, we support the proposal 2.3-3.

	Apple
	Q1: Fine with the principle. But what does “When UE is provided a PO index” mean? How does the UE determine the PO index? We think this should be implicitly derived.
Q2: No, we do not think it is necessary.
Q3: support
Q4: support

	Lenovo/MotM
	Q1: Ok with proposal 2.3-1,  Q2: Do not support,  Q3:Ok with proposal 2.3-2,  Q4: Ok with proposal 2.3-3

	Spreadtrum
	Basically fine for them.
One question for clarification for Q1:
The position of bit is 0 based, so -th bit should be -th bit?
For DCI format 2-6, the position of bit is 0 based:
ps-PositionDCI-2-6-r16              INTEGER (0..maxDCI-2-6-Size-1-r16),


	OPPO
	Q1: Support.
Q2: Don’t support.
Q3: Support.
Q4: SI update, ETWS indication should not be indicated by PEI.

	TCL
	Q1: we are ok with proposal 2.3-1 as it focus on simple bitmap design 
Q2: No, we do not see any clear benefits of circular mapping in terms of power saving or overhead reduction. 
Q3: we are fine with proposal 2.3.2
Q4: yes, we support a 2 bit field for SI/ETWS notification, as it can avoid the PO monitoring which is only used for SI change or ETWS monitoring.


	Transsion Holdings
	Q1: Support
Q2: Don’t support
Q3: Support payload size of DCI format 2_7 is configurable in SIB and is not larger than paging DCI size
Q4: Support, it can help UE to reduce the decoding of paging DCI and can quickly switch to deep sleep.

	Nokia(1st round)
	Q1:
Don’t support the proposed wording but I think we are all having a principle agreement on the targeted UE behaviour, but maybe we could try to simplify the proposal by removing the DCI field configuration related aspects? 
Like commented (in different places), depending on the DCI format 2_7 configuration,  I don’t think POnumperPEI nor PO index (e.g. i_s) are necessarily needed. Also the sub-grouping details are open in RAN2 (while in some way UE needs to know the associated sub-group), these are also more related to the configuration and do not seem necessary to define the UE behaviour. 

Proposal 2.3-1_NOK:
When UE is configured with PEI, if UE detects a PEI where the bit corresponding to the subgrouping index associated to the sub-group of the UE is set to ‘1’, UE is required to monitor PO [(as described in 38.304)]
When UE is provided a PO index, , among the indicated POs by the target PEI and a subgroup index, , UE is required to monitor its PO if  -th bit of paging indication field is set to ‘1’.  

Q2. 
As commonly assumed for other GC-PDCCH formats, we should be able to inform to the UE what is the starting location of the sub-grouping field (together with the DCI size, RNTI etc.). UE can then use this information to detect the DCI based on the PDCCH monitoring occasion configuration.  I don’t see necessity for the circular mapping proposed. 

Q3:
Proposal 2.3-2: we are fine with it on high level, though the point regarding the reserved bits would be good to claridy.
As discussed in Section 2.1, we think that the DCI format 2_7 size should be configurable by network. As also discussed, UE should be informed of the location (and size) of the information fields intended for the UE (e.g. sub-grouping field). If the DCI format (2_7) size is larger than the fields intended for the UE, those bits could be considered reserved by the UE, I assume this is what is meant by the last sub bullet. We would prefer to keep the DCI format 2_7 smaller than paging DCI.

Q3:
We are OK with Proposal 2.3-3.

	IDCC
	Q1: We are ok with this proposal.
Q2: We do not think it is necessary.
Q4: We support SI/EWTS transmission can believe it can reduce unnecessary wake-up. 



For Q1, quoted below for ease of reference,
	Proposal 2.3-1:
When UE is provided a PO index, , among the indicated POs by the target PEI and a subgroup index, , UE is required to monitor its PO if  -th bit of paging indication field is set to ‘1’.  


· Yes (23 companies): Xiaomi, MTK, Nordic, Samsung, Panasonic, CATT, Intel, QC, Sharp, CMCC (FFS multiple PF case), ZTE, LGE, Ericsson (with revision), HW & HiSi (with revision), vivo, DoCoMo, Apple (implicit PO index), Lenovo/MotM, Spreadtrum, OPPO, TCL, Transsion, IDCC
· No (1 company): Nokia (No need of POnumPerPEI nor PO index)

For Q2, quoted below for ease of reference,
	Q2: Do you consider  maximum paging indication field size, [32]? If yes, do you support circular mapping as proposed by HW & HiSi, as illustrated below:
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· Yes (2 companies): HW & HiSi (use case: Ext. SSB period for NW eng. saving), Spreadtrum, 
· No (22 companies): Xiaomi, MTK, Nordic, Samsung, Panasonic (merit not clear), CATT, Intel, QC, Sharp (merit not clear), CMCC, ZTE, LGE, Ericsson, vivo, DoCoMo, Apple, Lenovo/MotM, OPPO, TCL, Transsion, Nokia, IDCC

For Q3, quoted below for ease of reference,
	Proposal 2.3-2:
Payload size of DCI format 2_7 is configurable in SIB 
· No larger than paging DCI size
· The undefined bit(s) is reserved bit(s)


· Yes (explicit configuration; 20 companies): Xiaomi, MTK, Nordic (with maximum payload specified), Panasonic, Intel (w/o sub-bullet), Sharp, CMCC, ZTE (“undefined bits” unclear), LGE (no 1st sub-bullet), Ericsson, HW & HiSi (“explicitly” configurable), vivo (w/o sub-bullets), DoCoMo, Apple, Lenovo/MotM, Spreadtrum, OPPO, TCL, Transsion, Nokia, 
· No (implicit info; 3 companies): Samsung, CATT, QC 


For Q4, quoted below for ease of reference,
	Proposal 2.3-3:
A 2-bit field, one bit for SI change indication and one bit for ETWS indication, can be configured in DCI format 2_7


· Yes (14 companies): MTK, Panasonic (if time allows), Sharp, ZTE, LGE, HW & HiSi (“optionally” configured), DoCoMo, Apple, Lenovo/MotM, Spreadtrum, TCL, Transsion, Nokia, IDCC
· No (9 companies): Nordic, Samsung, CATT, Intel, QC, CMCC, Ericsson, vivo, OPPO

By the above, the following observations can be obtained:
· There is no consensus for supporting short message in PEI for Rel-17
· Moderator comment: Since the network can still wake-up all UEs in each paging cycle of modification period, there is no impact to SI update and ETWS functionality although the UE power saving is not optimized. In this regard, moderator would like to suggest not perusing SI update and ETWS indications in PEI for Rel-17.

· There is no consensus for supporting “circular bit mapping” for paging indication field in PEI for Rel-17
· Moderator comment: The use case of “circular bit mapping” looks related to Rel-18 topic of network energy saving. In this regard, moderator would like to suggest pursuing this extension in a future release.

· There is consensus on Proposal 2.3-1
· Moderator comment: We will bring Ericsson revised version to email discussion for consolidating the proposal for online decision. On the other hand, since there is no consensus to define an explicit maximum paging indication field size, moderator would suggest not to include the revision from HW & HiSi in the initial version for email discussion.  

· There are 20 out of 23 companies support explicitly configured payload size for DCI format 2_7. But, 3 companies think the size should be implicit information for the field configuration.
· Moderator comment: There looks significant support for an explicit configurable payload size, which is also straight to control the overall PEI performance. But we may also try to explicitly decide the supported field(s), with a flexible field of reserved bits. 

By the above, moderator would like to check companies’ views to the following questions:

The first question is to jointly decide paging indication field limit and DCI payload structure (with implicit size limit). Since from Section 2.1, there is no use case identified for paging indication field size > 32 bits, “up to [32] bits” is proposed. Also to address some companies’ concern on larger payload size, a note on “the overall paging performance is related to DCI format 2_7 payload size” included. The TRS availability indication field is based on the working assumption of Agenda Item 8.7.1.2, and moderator suggests to explicitly state that the decision is up to Agenda Item 8.7.1.2.

Q5: What is your view(s)/suggested revision(s) on the following proposal?
Proposal 2.3-2 (r1):
For DCI format 2_7, 
· Paging indication field of up to [32] bits is supported
· (Working assumption) TRS availability field of up to [6] bits can be configured
· Note: This is based on the working assumption in Agenda Item 8.7.1.2, and whether to include this TRS availability indication field is up to the decision in Agenda Item 8.7.1.2
· Reserved bits of up to [4] bits can be configured
Note: The overall paging performance is related to DCI format 2_7 payload size if PEI is applied


The second proposal is the update to provide specification at least for a simpler case that is within RAN1#106-bis-e agreement without FFS.


Q6: What is your view(s)/suggested revision(s) on the following proposal?
Proposal 2.3-1 (r2)
· When UE is provided a subgroup index,, UE checks the corresponding paging indication from-th bit of the paging indication field.  
· If one PEI is mapped to POnumPerPEI POs associated with a PF where POnumPerPEI is a factor of Ns,  mod POnumPerPEI, where is the PO index derived from PO determination as per TS 38.304
· FFS the determination of  for “one PEI is mapped to 3 POs associated with a PF” [and “one PEI is mapped to multiple PFs”], if supported
· UE is required to monitor PO only if the corresponding paging indication value is set to ‘1’ 
· FFS: whether and how to support subgroupsNumPerPO * POnumber within a SS burst period can be larger than the length of paging indication field in the PEI DCI

Table 5: Companies’ answers for the questions: Q5 and Q6
	Company
	Company views/suggested revisions

	Spreadtrum
	Q1: Basically fine. Maybe we should add a note that “the index of bit starts from 1”. 
Q2: No.
Q3: Fine.
Q4: 1 bit is fine. Maybe we should agree the short message in PEI at first.
Q5: TRS availability indication in PEI is under discussion in AI 8.7.1.2. In our understanding, up to 32 bits include all content to be carried in DCI format 2-7.
Q6: The bracket for “one PEI is mapped to multiple PFs” should be removed. We think it is easily to be supported.

	TCL
	Q5: we are ok with the proposal 
Q6: we are ok with the proposal 

	Xiaomi
	Q5: Generally OK. Still prefer PEI-DCI has the same size as paging DCI, since blind decoding effort can be reduced if PEI is transmitted in paging searchspace and PEI has the same DCI payload as paging DCI.
Q6: Generally fine.

	MediaTek
	For Q5: 
We are fine with the structure. Directly setting overall payload size is also an alternative to go, which has the benefit of easier size alignment with paging PDCCH. In either alternative, we think having reserved bits is the most essential factor to agree. Since PEI is idle-mode feature, if no reserved bits, PEI cannot be extended in the future. Current TRS availability indication is a good example where the reserved bits in paging PDCCH allows the extended functionality. We think PEI design should be at least the same flexible as paging PDCCH. In this regard, we think allowing configurable reserve bit size to 8 bits is an even better choice.

For Q6: 
We are supportive of Proposal 2.3-1 (r2). Since there is no consensus of supporting multiple PFs and thus more than 4 POs for one PEI, the last bullet can be removed since network can always accommodate all possible paging indication configurations for 4 POs with up to 32 bits.


	vivo
	Q5: 
· For the first sub-bullet, we are not convinced that the maximum size 32bits for paging indication field. As explained in the 1st round, the 32bits paging indication field does not always satisfy PEI DCI reliability, the situation becomes more worse when we consider the total DCI size of format 2_7. 
· For the second sub-bullet, we can agree with the working assumption for TRS availability field. 
· For the last sub-bullet, we are not ok as well, more clarification on the purpose of configurable reserved bit is needed. Considering the total payload size can be configured by network, configurable reserved bit is not needed. 
To progress, we can compromise the 16-bit to 22 or 24bit in order to accommodate at least TRS availability indication with some performance degradation but not sacrifice too much performance.
As analysed above, we kindly suggest to revise proposal 2.3-2 as follows:
Proposal 2.3-2 (r1) (Modified by vivo):
For DCI format 2_7, 
· Paging indication field of up to [32 22 or 24] bits is supported
· (Working assumption) TRS availability field of up to [6] bits can be configured
· Note: This is based on the working assumption in Agenda Item 8.7.1.2, and whether to include this TRS availability indication field is up to the decision in Agenda Item 8.7.1.2
· Reserved bits of up to [4] bits can be configured
Note: The overall paging performance is related to DCI format 2_7 payload size if PEI is applied

Q6:
We agree with proposal 2.3.1 in principle. For the two FFSs, FL have already recommended a conclusion that “For Rel-17, RAN1 has no consensus in supporting mapping one PEI to multiple PFs.” in section 2.2. To avoid ambiguity, we suggest to remove the multiple PFs related parts.
Proposal 2.3-1 (r2) ((Modified by vivo))
· When UE is provided a subgroup index,, UE checks the corresponding paging indication from-th bit of the paging indication field.  
· If one PEI is mapped to POnumPerPEI POs associated with a PF where POnumPerPEI is a factor of Ns,  mod POnumPerPEI, where is the PO index derived from PO determination as per TS 38.304
· FFS the determination of  for “one PEI is mapped to 3 POs associated with a PF” [and “one PEI is mapped to multiple PFs”], if supported
· UE is required to monitor PO only if the corresponding paging indication value is set to ‘1’ 
· FFS: whether and how to support subgroupsNumPerPO * POnumber within a SS burst period can be larger than the length of paging indication field in the PEI DCI


	LGE
	Q5: 
· We are fine with the first and second sub-bullets. 
· We don’t need to restrict the maximum number of reserved bits. If the DCI overhead is a concern, it would be better to restrict maximum number of PEI DCI, not a reserved bit field. 
· As we commented during a previous round discussion, SIB notification would be repeated within a modification period by gNB. If SI change notification via PEI is not supported, UE power consumption would be impacted because UE have to decode both PEI and paging PDCCH several times. Moreover as pointed out by several companies adding two bits is not a big burden, and if there is a concern on the PEI overhead gNB can configure not to convey the field in PEI DCI. From this point of view, we suggest to support SI update and ETWS indication in PEI for Rel-17.
Q6: 
· We are generally fine with the proposal 2.3-1
· For the 2nd bullet, we think “only” is not required.
· We do not see needs for FFS bullets, but fine with current version also if it is agreeable to other companies.

	Nordic 
	Q5: OK
Q6  Typo
· FFS the determination of  for “one PEI is mapped to 3 POs associated within a PF” [and “one PEI is mapped to multiple PFs”], if supported



	IDCC
	We are ok with the proposals.

	Huawei, HiSilicon
	Q5:
For sub-bullet1: Support. We think the maximum field size is 32, and gNB could configure 16 for the paging indication field, when gNB thinks the coverage of PEI DCI needs to be guaranteed by a small payload.

For sub-bullet2: We are fine with the bullet.

For sub-bullet3: We are not sure whether we need this bullet. If the DCI size is larger than the sum of the paging indication field and TRS availability indication field, then we have the reserved bit(s). However, why we need to configure some reserved bits.

Q6:
As we commented in section 2.3 Q4, Q5 and Q6, we didn’t see the need to introduce a parameter of POnumPerPEI. The important thing is how to map all POs in a SS burst period into the bits in PEI DCI, and multiple PEI DCIs should be avoided. 
For vivo’s comments on the last FFS bullet, we think even for the case of 4 POs in a PF, the issue is still valid. For example, gNB configures paging indication field as 16bits, however, there are four POs in a PF, which causes total 4*8=32 subgroups. In our view, we should always answer the question of the FFS bullet.

Considering this controversial view on the introduction of POnumPerPEI, we would like to make the following update to move forward:

Proposal 2.3-1 (r2)
· When UE is provided a subgroup index,, UE checks the corresponding paging indication from-th bit of the paging indication field.  
· If one PEI is mapped to POnumPerPEI N POs between two adjacent SS bursts associated with a PF where POnumPerPEI is a factor of Ns,  mod NPOnumPerPEI, where is the PO index between the two adjacent SS burstsderived from PO determination as per TS 38.304
· FFS the determination of  for “one PEI is mapped to 3 POs associated with a PF” [and “one PEI is mapped to multiple PFs”], if supported
· UE is required to monitor PO only if the corresponding paging indication value is set to ‘1’ 
· FFS: whether and how to support subgroupsNumPerPO * POnumber within a SS burst period can be larger than the length of paging indication field in the PEI DCI


	Nokia2
	Q5:
Firstly to clarify for Section 2.1, we did not have any misunderstanding that ‘paging indication field’ is different than the DCI format size. We just did not see it necessary to introduce field definition that contains all the sub-groups. UE needs only the information of the sub-group field of it’s PO. Bit if the design in Proposal 2.3-1is majority view we can go with this approach if we agree that only POs of single PF can be mapped to PEI. As explained below, enabling mapping of multiple PFs to single PEI would be better achieved by PO specific sub-group starting location. (Or to have PF specific ‘paging indication field’ and corresponding staring location). Hence, till we have concluded the multiple PF aspect (in this meeting), I would suggest to have the paging indication field bullet as working assumption (the size of 32 is fine as such).

Q6:
Like commented earlier, this proposal seems to cover two separate aspects, how is the DCI format configuration done, and what is the UE behavior, and we support separating these to different bullets. 

Also like noted earlier, there really is no fundamental need to define ‘paging indication field’ structure covering all sub-groups (of different POs) included in the PEI. It would suffice to inform UE the starting location of the sub-grouping field corresponding to the PO of the UE. However if we adopt the POnumPerPEI parameter, and preclude of mapping POs of different PFs to same PEI, then this approach would work. However if we (would have) choose to enable support of multiple PFs, then direct indication of starting point of sub-grouping field would be more flexible. Hence, we would suggest to keep the part of the proposals as working assumption until the multiple PFs has been concluded.


Proposal 2.3-1 (r2_NOK) (Note: change in ordering, levelling of sub-bullets not show by colours)
· Working assumption:
· When UE is provided a subgroup index,, UE checks the corresponding paging indication from-th bit of the paging indication field.  
· If one PEI is mapped to POnumPerPEI POs associated with a PF where POnumPerPEI is a factor of Ns,  mod POnumPerPEI, where is the PO index derived from PO determination as per TS 38.304
· FFS the determination of  for “one PEI is mapped to 3 POs associated with a PF” [and “one PEI is mapped to multiple PFs”], if supported
· FFS: whether and how to support subgroupsNumPerPO * POnumber within a SS burst period can be larger than the length of paging indication field in the PEI DCI
· UE is required to monitor PO only if the corresponding paging indication value is set to ‘1’ 

Regarding the FFS for the case when we have multiple PFs with in the SSB period, evidently the current design would in our view imply multiple/separate PEIs and we don’t see other practical way to circumvent it than supporting mapping of multiple PFs to PEI.

Another minor note that this proposed structure assumes that the other fields (e.g. L1 availability indication, SI etc.) are placed after the ‘paging indication field, thus we may need to provide explicit starting location for those fields, unless we assume that all UEs that support PEI (for any information) also support sub-grouping. To extent this may be a reasonable assumption, but probably good to acknowledge.



	Panasonic
	On Q5, we are okay with the current version.
On Q6, we are not seeing any difficulties on the specification work including the formulations to support multiple PFs indicated by a PEI. For sake of time, we should check majority view considering this is the last meeting.

	Qualcomm
	Q5: we do not support the proposal because we should first discuss the overall maximum DIC size limit based on the performance requirement for PEI PDCCH missed detection rate. For that, the PEI DCI size has to be sufficiently smaller than that of paging PDCCH. As we mentioned early, network can also configure a number of subgroups per PO to fit the DCI size number and accommodate the potential TRS availability indication. For that, 14 bits are sufficient given 8 bits are used for paging indication for 2PFs * 4 POs per PF + 6 bits for TRS availability indication. Based on this we suggest the following updates. Besides, it is unclear why reserved bits need to be discussed.
For DCI format 2_7, 
· Paging indication field of up to [32] at least 8 bits is supported
· (Working assumption) TRS availability field of up to [6] bits can be configured
· Note: This is based on the working assumption in Agenda Item 8.7.1.2, and whether to include this TRS availability indication field is up to the decision in Agenda Item 8.7.1.2
· Reserved bits of up to [4] bits can be configured
Note: The overall paging performance is related to DCI format 2_7 payload size if PEI is applied

Q6: As we mentioned early, it is not acceptable to us POnumPerPEI is configured by network. We suggest removing any discussion on POnumPerPEI and the following changes.

Proposal 2.3-1 (r2)
· When UE is provided a subgroup index,, UE checks the corresponding paging indication from-th bit of the paging indication field.  
· If one PEI is mapped to POnumPerPEI POs associated with a PF where POnumPerPEI is a factor of Ns,  mod POnumPerPEI, where is the PO index derived from PO determination as per TS 38.304
· FFS the determination of   for “one PEI is mapped to 3 POs associated with a PF” [and “one PEI is mapped to multiple PFs”], if supported
· UE is required to monitor PO only if the corresponding paging indication value is set to ‘1’ 
· FFS: whether and how to support subgroupsNumPerPO * POnumber within a SS burst period can be larger than the length of paging indication field in the PEI DCI


	CATT
	Q5:  We do NOT support this proposal.  The size of DCI format 2_7 should be similar to that of paging DCI and should not be restricted to certain size  since the performance of DCI format 2_7 are similar to that of paging DCI.   

Q6:  We are OK with the main bullet but can NOT agree on the sub-bullets.  Our suggestion is as follows,

What is your view(s)/suggested revision(s) on the following proposal?
Proposal 2.3-1 (r2)
· When UE is provided a subgroup index,, UE checks the corresponding paging indication from-th bit of the paging indication field.  
· If one PEI is mapped to POnumPerPEI POs associated with a PF where POnumPerPEI is a factor of Ns,  mod POnumPerPEI, where is the PO index derived from PO determination as per TS 38.304
· FFS the determination of  for “one PEI is mapped to 3 POs associated with a PF” [and “one PEI is mapped to multiple PFs”], if supported
· UE is required to monitor PO only if the corresponding paging indication value is set to ‘1’ 
· FFS: whether and how to support subgroupsNumPerPO * POnumber within a SS burst period can be larger than the length of paging indication field in the PEI DCI


	Ericsson2
	Q5 : OK, although all fields would be configurable/supported. 
Q6 : Generally OK, but suggest making it a WA in case further fine-tuning is needed. Also  suggest dropping “+1” for the RAN1 conventional counting from index “0”. 


	Samsung
	Q5: The working assumption of TRS availability field is not needed. It’s under discussion in 8.7.1.2. No need to repeat the WA. For the reserved bits, we don’t see why it’s needed. In general, a smaller payload size is preferable to ensure the detection reliability. Even if it’s needed, we prefer to clarify the maximum payload size of DCI format 2_7 first. 

Q6: 
First, the value of  should be 0, …,  -1 in the 1st bullet
A common design can be considered regardless of one PEI is mapped to one PF or multiple PFs . so we suggest merge the sub bullets under the first bullet to be: 
·   is the order index of the POnumPerPEI POs indicated by the same PEI
The details of how to determine the first PO from the multiple POs indicated by  the same PEI is under discussion in P3.1-1.


	Intel
	Q5: As mentioned before, PEI DCI MDR needs to be quite better than Paging DCI MDR. To this end, overall DCI size of PEI DCI should be reasonably smaller than Paging DCI. With 32 bit for paging indication and 6 bits for TRS availability, it is not clear how this can be achieved. Not sure what is achieved by adding the Note in the end. We agree with SS to decide maximum payload of DCI format 2_7 first. Discussion on TRS availability indication can take place in 8.7.1.2.

Q6: Support the proposal. As indicated in Table 3, we would be fine with POnumPerPEI = Ns as well.

	ZTE, Sanechips
	Proposal 2.3-2:
As to whether to support SI change/ETWS via PEI, we see the benefits of more UE power saving gain if it was supported. However, for the sake of progress, we can go without it.
As to the bit size of TRS indication and reserved bits, we are okay for the current proposal. For TRS availability indication, the simplest way is to reuse the same design of paging indication. For reserved bits, we think it will be beneficial for further potential extension. W
As to the bit size of paging indication, we think 32 is kind of excessive. It will result in a maximum of 42 bits, which is even larger than paging DCI, the corresponding detection performance will be worse than paging DCI. Therefore, we think a smaller paging indication field (for example, 16 or 24) should be considered.

Proposal 2.3-1:
As to the first FFS, we think the square bracket should be removed for one-PEI-to-multiple PFs.
The second FFS, the PEI associated with POs within the SS burst period has not been agreed yet. Moreover, gNB will not configure the number of sub-groups * the number of POs to be larger than the indication capacity. Hence, we think the last FFS bullet is not needed.

	Apple2
	Q5: as we commented in the first round, we do not think we need to explicitly define the upper limit for each individual field, such as the paging indication field, TRS availability indication field, or reserved bits etc. The decoding performance only depends on the DCI size, not the size of each individual field.
In our view, what needs to be agreed include the max size of the DCI format, for each field, the UE knows the bit-width and where the bits are located in the DCI. For paging indication field, if we agree up to 4 POs per PEI, the max size automatically becomes 32 bits with up to 8 subgroupos per PO, and no additional agreement is needed.
For TRS availability indication field, it would be better to leave it to AI 8.7.1.2 to decide. To clarify, the working assumption of up to [6] bits is only for paging PDCCH-based solution.
A minor comment: we haven’t officially agreed on using DCI format 2_7 for PEI. If we plan to officially use it in our agreement, it would be better to agree on an explicit connection between the two.

Q6: generally fine with the updated proposal. But we are not sure why the last FFS is necessary. If we have up to 8 subgroups and up to 4 POs per PEI, this would never happen with 32 bits PEI. If for any reason, the DCI needs to be configured with a smaller size, the gNB should not configure it like this.

	DOCOMO
	Q5: We are fine with the first and second sub-bullets. 
Q6: Support

	OPPO
	Q5: We are ok with the proposal.

Q6: We are OK with the main bullet. For the first sub-bullet, we have no conclusion that POnumPerPEI POs associated with one PEI are within the same PF. We suggest remove the first sub-bullet:
· If one PEI is mapped to POnumPerPEI POs associated with a PF where POnumPerPEI is a factor of Ns,  mod POnumPerPEI, where is the PO index derived from PO determination as per TS 38.304





After further discussion in the email thread titled “[107-e-NR-R17-PowSav-01] Email discussion regarding potential paging enhancements”, the following agreements are achieved:


Agreement
Confirm the following working assumption:
Working Assumption
1. The paging indication field of PEI DCI format comprises of POnumPerPEI segment(s) of K bit
0. K = 1, if [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image037(11-18-20-31-35).png] is absent or set to 0 or 1,
0. K = [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image037(11-18-20-31-35).png], if [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image038(11-18-20-31-35).png] is configured.
0. UE identifies its paging indication bit as follows:
2. Let [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image039(11-18-20-31-35).png] denote the relative PO index, with starting value of 0, among the POs associated with the PEI
0. [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image040(11-18-20-31-35).png] , where [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image041(11-18-20-31-35).png] are as defined in clause 7 of TS 38.304
2. [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image042(11-18-20-31-35).png] when K = 1 and UE is not provided a subgroup index
2. [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image043(11-18-20-31-35).png] when UE is provided a subgroup index
2. UE checks the corresponding paging indication from [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image044(11-18-20-31-35).png]-th bit of the paging indication field where the starting bit index is 0
1. If the corresponding paging indication value is set to ‘1’, it indicates the UE to monitor the PO
1. If the corresponding paging indication value is set to ‘0’, it indicates the UE is not required to monitor the PO



Agreement
For PEI DCI format, defined as DCI format 2_7,
1. Total number of bits for paging indication filed is POnumPerPEI, if [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image037(11-18-20-31-35).png] is absent or set to 0 or 1, and the number is [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image045(11-18-20-31-35).png], if [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image046(11-18-20-31-35).png] is configured.
0. For Rel-17, UE does not expect paging indication filed size is larger than the DCI payload size
1. Whether and how TRS availability indication field is included is up to Agenda Item 8.7.1.2
1. Support configurable DCI payload size which should be no larger than payload size of paging DCI
2. Unused bits, when applicable, are regarded as reserved bits
2. Note: A smaller payload size is beneficial for PEI detection performance



RNTI for PEI DCI format
In the following table, companies’ related views and proposals are collected:

	Company
	Companies’ Views

	Huawei, HiSilicon
	Proposal 3: A new RNTI, PEI-RNTI, is configured to scramble the CRC of PEI-DCI for idle/inactive mode UEs.


	ZTE, Sanechips
	[bookmark: _Toc3520][bookmark: _Toc86840262][bookmark: _Toc87031841]Proposal 8: P-RNTI is supported for PEI.


	vivo
	Proposal 4: A new PEI-RNTI is needed for PEI DCI.


	TCL 
	Proposal 2: Support a new PEI-RNTI for PEI DCI to avoid any conflict with PDCCH channel and legacy UEs.


	Spreadtrum 
	

	CATT
	[bookmark: OLE_LINK48][bookmark: OLE_LINK49]Proposal 16: A new RNTI is used to scramble the CRC of PDCCH-based PEI.


	OPPO
	Proposal 3: Whether or not to introduce a new PEI-RNTI should be decided according to the value of x. 
· If x can be used for UE to distinguish PEI and paging PDCCH, P-RNTI can be reused.


	Sony
	

	Intel 
	Proposal 9: P-RNTI can be used for PEI DCI.


	Xiaomi
	Proposal 4: Support PEI-DCI has the same DCI payload as paging DCI, typically 40 bits, and has different RNTI from P-RNTI


	CMCC
	

	Transsion Holdings
	[bookmark: _Ref9377][bookmark: OLE_LINK1]Proposal 3: P-RNTI should be supported.


	Panasonic
	Proposal 4: Define a new semi-statically configurable RNTI for Rel.17 PEI.  


	Samsung
	Proposal 3: reuse P-RNTI for the DCI format dedicated to PEI. 


	Apple
	

	Lenovo, Motorola Mobility
	Proposal 4: RNTI for a PEI PDCCH is determined based on a PF that is associated with the PEI PDCCH.

	InterDigital
	

	LGE
	Proposal 4: PEI-RNTI that is used for CRC scrambling for the PEI is configured via higher layer. 


	NTT DOCOMO
	Proposed 4: Reuse P-RNTI for PEI if DCI size for PEI smaller than DCI Format 1_0.


	Ericsson
	[bookmark: _Toc87041013]Observation 5 Reusing the predefined P-RNTI for PEI detection limits the possibility to extend PEI content in future.

[bookmark: _Toc87041014]Observation 6 Compared to a predefined RNTI, a configurable RNTI for PEI does not introduce considerable complexity for the UEs.

[bookmark: _Toc87041025]Proposal 9  For the PEI DCI, the RNTI used for CRC masking is configured via higher layers.


	Qualcomm 
	

	MediaTek 
	For topic 5), RNTI for PEI DCI format, future compliance should be considered. If P-RNTI is utilized, there is limited space for future extension in order to avoid DCI size overlapping with paging DCI. Since introducing a new PEI-RNTI has little impact to network and UE, the following is therefore recommended:

Proposal 5: A new RNTI, PEI-RNTI, is supported for PEI DCI format


	Nokia
	Observation: The PDCCH-based PEI should be monitored only by IDLE/Inactive UEs. The PEI DCI format CRC could be scrambled with P-RNTI or PEI-RNTI.


	Nordic
	Proposal-1: Support only the cases where PEI is mapped to 1,2 or 4 POs of a single PF in R17. Max size of DCI format payload is 34 bits.
· Up to RAN2 whether to reuse P-RNTI or introduce PEI-RNTI




For the RNTI for DCI format 2_7, the following statistics can be obtained:

· New PEI-RNTI (6 companies): HW & HiSi, vivo, TCL, CATT, Lenovo & Moto, MTK
· P-RNTI (5 companies): ZTE, Intel, Transsion, Samsung, DoCoMo 
· Network configuration (P-RNTI or PEI-RNTI; 4 companies): Panasonic, LGE, Ericsson, Nokia, 
· Depending on DCI format 2_7 size (3 companies): OPPO, Xiaomi, Nordic (up to RAN2)

In principle, which RNTI to be used depends on DCI payload size. For the case, DCI format 2_7 payload size is set the same as paging DCI for sharing the same CORESET while not increasing UE blind decoding complexity, a different RNTI should be applied. On the other hand, for the scenario, where network prefer dedicated occasion for PEI, the payload size can be configured different from paging DCI and reusing P-RNTI is possible. Since it is related to network implementation, moderator would like to suggest reserving the flexibility to network:

Q1: Please provides your views and/or suggested revision on the following Proposal 2.4-1
Proposal 2.4-1:
Either P-RNTI or new PEI-RNTI can be configured in SIB for PEI 

Table 6: Companies’ views to the above questions
	Company
	Companies’ views

	Xiaomi
	Q1:Support Proposal 2.4-1


	MediaTek
	We are supportive of 2.4-1. This provides the flexibility for different network configurations as well potential future extension.


	Nordic 
	We agree, could be left up to RAN2

	Samsung 
	Q1: we think only one RNTI is enough. We think P-RNTI should be reused if there is no any technical issue. 

	Panasonic
	On Q1, we support Proposal 2.4-1.

	CATT
	We believe a new PEI-RNTI should be supported for future proof.  A new PEI-RNTI would also avoid any specification of abnormal condition of PEI detection.   

	Intel
	There is no need to support two RNTIs for a DCI. We can discuss payload of PEI DCI first and then conclude RNTI issue. Some companies are using future compliance as justification, however, that does not necessarily solve the issue of impact of increased payload on the overall reliability.

	Qualcomm
	Q1: P-RNTI is sufficient given PEI DCI size should be always smaller than that for the paging PDCCH. Although network can configure large AL for PEI but in bad channel condition both paging PDCCH and PEI PDCCH will be configured with the largest AL.

	CMCC
	Ok

	ZTE, Sanechips
	If the payload size of PEI is no larger than paging DCI, P-RNTI can be reused.

	LGE
	Q1: we support the proposal 2.4-1. Also, we are fine with using new PEI-RNTI only.

	Ericsson1
	Q1: Selection of RNTI should be left for NW configuration. Suggested update is as follows.

Either P-RNTI or a separate new PEI-RNTI can be configured in SIB for PEI. 

	Huawei, HiSilicon
	We support the proposal, which seems already some compromise. We think the DCI format size cannot be a strong argument to block the introduction of PEI RNTI. Let’s define the PEI functionality as a clear way and future proof.

	vivo
	Only a new PEI-RNTI is needed as a cleaner solution. A new PEI-RNTI is also suitable for TS 38.202 to describe the PEI monitoring behaviour, it can be different to PO. 

	DOCOMO
	Same view as Qualcomm and ZTE.

	Apple
	We do not see the need for configurability. We should either use the P-RNTI or a new pre-defined RNTI depending on the outcome of PEI DCI size.

	Lenovo/MotM
	Support

	Spreadtrum
	Pending after decision of supporting paging search space for PEI

	OPPO
	If the payload size of PEI can be used to distinguish PEI and paging PDCCH, P-RNTI can be reused.

	TCL
	We support only PEI RNTI. In our view, PEI is a new feature of Rel-17, and using the existing paging RNTI will leads the legacy UE to assume the PEI DCI as paging PDCCH. Therefore, PEI RNTI should be used for PEI.  


	Transsion Holdings
	Q1: Support

	Nokia(1st round)
	It is not fully clear if we would have selection (via configuration) two fixed RNTIs (i.e. P-RNTI and PEI-RNTI) or whether the PEI-RNTI would have full flexibility to be configured?  In general, we don’t have very strong view, but if we introduce separate RNTI for PEI, it would be probably simples to use it always. I.e. there seem not be any extra benefit to support P-RNTI if PEI-RNTI is introduced.


	IDCC
	We are ok with this proposal.



For Q1, as quoted below for ease of reference,
	Proposal 2.4-1:
Either P-RNTI or new PEI-RNTI can be configured in SIB for PEI 


· Yes (15 companies): Xiaomi, MTK, Nordic (can also up to RAN2), Panasonic, CATT, CMCC, ZTE, LGE, Ericsson (with revisioin), HW & HiSi, vivo, Lenovo/MotM, OPPO, Transsion, IDCC
· No (7 companies): Samsung (P-RNTI only), Intel (P-RNTI only), QC (P-RNTI only), Apple (either P-RNTI-only or PEI-RNTI-only), Spreadtrum (decision after supporting paging search space for PEI), OPPO (P-RNTI-only), Nokia (either P-RNTI-only or PEI-RNTI-only)

From the statistics, moderator would suggest to first decide on the DCI payload structure and size or completely leave the decision to RAN2. Let us further check companies’ views on Q5 of section 2.3.

After further discussion in the email thread titled “[107-e-NR-R17-PowSav-01] Email discussion regarding potential paging enhancements”, the following proposal is discussed but not yet agreed:

Proposal 
New PEI-RNTI for PEI is supported and configured in SIB for the cell.



Remaining PEI-O Related Designs
In RAN1#106-bis-e [2], initial agreements related to PEI-O are decided. The following are the remaining design details to be discussed decided in the following subsections:
1) Determination of PEI-O location
2) Support of unlicensed spectrum operation 
3) Other PEI-O Related Design Considerations

Determination of PEI-O Location
The reference agreement in RAN1#106-bis-e is quoted as follows:

	Agreement
Determination of PEI-O location for a target PO is based on one of the following alternatives:
· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· FFS: The unit and the range of the frame-level offset
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion
· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
· FFS: The unit and the range of the time offset
· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
· Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  
Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.
FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported





In the following table, companies’ related views and proposals are collected:


	Company
	Alt?
	Companies’ Views

	Huawei, HiSilicon
	Alt 2
	Observation 1: PEI can provide attractive power saving gain only when the PEI occasions are close to a SS burst(s).
[bookmark: _Ref86741042]Table 1 Power saving gain for PEI in different location
	Power saving gain for 14ms gap between SSB and PO

	
	
	1ms gap between the end of first SS burst and PEI
	12.5ms gap between nearest SS burst and PEI (PEI 1ms before PO)

	1SS burst for PDSCH T/F tracking
	w/o RRM
	17.40%
	6.95%

	2SS bursts for PDSCH T/F tracking
	w/o RRM
	30.15%
	5.72%

	3SS bursts for PDSCH T/F tracking
	w/o RRM
	39.07%
	4.86%



Observation 2: PEI occasion after the first SS burst among the SS bursts which are required by UE before the reception of paging PDSCH can provide the maximal power saving gain.

[image: ] 
Figure 4. Alt 2 to define the monitoring occasion for PEI.

Proposal 2: Adopt Alt 2 to determine PEI-O location for a target PO, where the first PDCCH monitoring occasion of the PEI-O is provided w.r.t. ‘the end’ of the L-th SS burst before the first PDCCH monitoring occasion of the target PO. 
· The L-th SS burst is configured by network via System information
·  L = 1, 2, or 3. 
· The offset, X, between the first PDCCH monitoring occasion of the PEI occasion and ‘the end’ of the L-th SS burst is not larger than 3ms;
· UE is not required to monitor PDCCH PEI during the Y ms prior to the beginning of the target PO, which is used for UE processing of PEI before the PO;

[image: ]
Figure 7 Time interval between PEI and PO reception should consider the RF retuning for Redcap UEs.
Proposal 12: PEI is transmitted in the MIB-configured initial DL BWP where SSB is transmitted.

Proposal 13: The value of minimum time offset between PEI and PO should consider the conclusion in RedCap regarding whether paging reception can be configured in the separate initial DL BWPs or not.


	ZTE, Sanechips
	Alt 3
	[bookmark: _Toc86840258][bookmark: _Toc26157][bookmark: _Toc87031830][image: ]
Figure 2(b) configuration of PEI associated with POs across PFs

Observation 1: In the scenario where the PEI is configured to indicate paging information across PFs, Alt 1 with one PF-specific offset is not sufficient to determine the PEI occasion.

[image: ]
Figure 3 configuration of PEI relative to SSB
[bookmark: _Toc86840259][bookmark: _Toc2923][bookmark: _Toc87031831]
Observation 2: For Alt 2, the L-th SSB should be PO-specific in the scenario when one PEI is configured to indicate paging information for multiple POs
[bookmark: _Toc86840260][bookmark: _Toc24124][bookmark: _Toc87031832]
Observation 3: The PEI-O location determined by the L-th SSB before the target PO may not bring additional power saving gain.
[bookmark: _Toc86840261][bookmark: _Toc23321][bookmark: _Toc87031833]
Observation 4: Alt 3 is the most straightforward and robust to determine the PEI location in all scenarios.
[image: ]
Figure 4(b) Configuration of PEI associated with multiple POs across the PF
[bookmark: _Toc86840266][bookmark: _Toc14361][bookmark: _Toc87031838]
Proposal 5: Alt 3, i.e., the determination of the PEI-O location by an offset for the target PO should be adopted.

[bookmark: _Toc31862][bookmark: _Toc86840267][bookmark: _Toc87031839]Proposal 6: The occurrence of SSB between the PEI and the PO can be considered to provide a larger power saving gain.


	vivo
	Alt 2
	

Figure 3: Power consumption description in High SINR case
[bookmark: OLE_LINK20]
Proposal 7: Support Alt2 i.e., the first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.

Proposal 8: The gap between PEI-O and the associated PF/PO should contain M SSB bursts, where the value of M can be 1, 2, 3 etc.



Figure 4: An illustration for PEI-O related configuration.

Proposal 9: To avoid a fragmented PEI-O configuration, support to adopt the following configuration and RRC parameters:
· Define PEI-frame and configure the number of PEI-O contained in one PEI-frame. 
· Configure the number of POs in a PF that one PEI-frame can associate with. 
· Configure the indication relationship between PEI-Os in a PEI-frame and the associated POs for the PEI-frame. 
· Configure the list of firstPDCCH-MonitoringOccasionOfPEI-O for each PEI-frame. Each of PEI-Os in a PEI-frame corresponds to a firstPDCCH-MonitoringOccasionOfPEI-O parameter.



Figure 5: An example for the overlapping between multiple PEI-Os in a PEI-frame.

Proposal 10: It is necessary for PEI DCI to notify the indicated PO index(es) to avoid the ambiguity e.g., adding 0-2bits PO index(es) indication in PEI DCI.



	TCL 
	Alt 2
	[image: ]
Figure 3 PEI-O configured 3 SSB earlier than the target PO 
Observation 1: PEI-O associated to the incoming target PO with no SS burst between PEI and the target PO will let PEI to be used only for paging indication and cannot be used for TRS availability Indication. 

Observation 2: PEI-O associated to the incoming target PO with at least 3 SSB earlier than the target PO will let PEI to be used for paging indication and TRS availability Indication. 

Proposal 4: The first PDCCH monitoring occasion of the PEI-O is provided at least 3 SS bursts before the first PDCCH monitoring occasion of the target PO.


[image: ]
Figure 5 PEI-O associated to the previous PO for incoming PO with 3 SSBs
Observation 3: PEI-O associated to the previous PO for the incoming target PO with at least 3 SSB after the previous PO will let PEI to be used for paging indication and TRS availability indication. 

Proposal 5: The first PDCCH monitoring occasion of the PEI-O is provided at least 3 SS bursts after the last PDCCH monitoring occasion of the previous PO.

Proposal 6: Support Alt2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO, where L = at least 3 SS bursts.


	Spreadtrum 
	Alt 1
	Table 3: The comparisons among Alt-1/2/3
	
	Alt-1
	Alt-2
	Alt-3

	Mechanism
	Using PEI_offset to define PEI-F like PF;
Using “firstPDCCH…PEI” to defined the PEI-O-specific symbol-level offset
	Prior to the L-th SS burst before PEI-O
	Using a reference time and a time offset to define the location of PEI-O

	Flexibility
	Full
	TBD
	Limited

	Signaling overhead
	Large
	TBD
	Small

	New parameter
	M, PEI_offset, “firstPDCCH…”
	TBD
	M, the time offset

	RAN2 involvement
	More due to parameters PEI_offset and “firstPDCCH…PEI”
	TBD
	Less



Proposal 4: Support Alt-1 for determination of PEI-O location.

Proposal 5: If Alt-1 is supported, PEI-F can be determined by PEI_offset like PF, and the starting monitoring occasion of PEI-O can be determined by “firstPDCCH…” like PO.

Proposal 6: The number of PO(s) indicated by one PEI should be defined.


	CATT
	Alt1 or Alt3
	Proposal 1: Three SSBs are needed for the UE to perform coherent detection of PDCCH-based PEI before PO.

Proposal 7: For the frame-level offset in Alt 1, the unit is radio frame level and the range of the frame-level offset is 0~1.

Proposal 8: The unit and range of the configuration for the first PDCCH monitoring occasion in Alt 1 can use the unit and range of firstPDCCH-MonitoringOccasionOfPO as the reference.

Proposal 9: For determining the first PDCCH monitoring occasion of the PEI-O in Alt 3, the reference time is the first MO of the first PO indicated by the PEI.

Proposal 10: For Alt 3, the first PO indicated by one PEI is the reference time of PO with PO_Index=0.

Proposal 11: For Alt 3, the maximum time offset between PEI-O and reference time is the SSB periodicity. And the unit of the time offset is ms or slots.

Proposal 12: The PEI-O could be determined by one of the following alternatives:
· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· The reference time is the first MO of the first PO indicated by the PEI.


	OPPO
	Alt 1 or 
Alt 3
	Observation 1: For alt1, when one PEI is associated with multiple POs, if the PF of the first PO indicated by the PEI as the reference point, all the POs indicated by one PEI will have the same reference point and the same configuration of frame-level offset and firstPDCCH-MonitoringOccadionOfPO. But it will cause POs in a PF have different reference point in some cases.

Observation 2: For alt1, when one PEI is associated with multiple POs, if the PF of PO indicated by the PEI as the reference point for this PO, all the POs in a PF will have the same reference point. But all the POs indicated by one PEI will have different reference point and configuration of frame-level offset when one PEI can indicate multiple POs across multiple PFs.

Proposal 4: For alt1, when one PEI is associated with multiple POs, we prefer the PF of the first PO indicated by the PEI as the reference point.

Observation 3: For alt2, when one PEI is associated with multiple POs, if all the POs indicated by one PEI are located behind the same SSB, these POs could have the same configuration of L-th SSB and offset between SSB and PEI.

Observation 4: Alt3 determines the location of PEI via one offset between reference time and PEI, while alt1 and alt2 need two-level offset to determine the location of PEI.

Observation 5: For alt3, if the reference time is the start of the PF for the target PO / first PO indicated by one PEI, alt3 is very similar to alt1, the difference between two alts is determining the location of PEI via one-level offset or two-level offset.

Observation 6: Compare with alt2, alt1 and alt3 could achieve the same result (the L-th SS burst before the first PDCCH monitoring occasion of the target PO) by configuring appropriate offset between PEI and PO.

Proposal 5: For alt3, when one PEI is associated with multiple POs, we prefer the start of the PF for the first PO indicated by one PEI as the reference time.

Proposal 6: We prefer alt1 and alt3 when determine the location of PEI.
· They can achieve the same result of alt2 via appropriate offset between PEI and PO.
· When the reference time of alt3 is the start of the PF for the first PO indicated by one PEI, alt3 is a more direct way compare with alt1.


	Sony
	Alt 3
	Proposal 1 – From possible choices in alt 3, support the first monitoring occasion of the target PO or the start of the target PO to be selected as the reference point.
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Figure 1 – Design of PEI occasions

Proposal 2 – Length for the offset can be expressed as PEI-O + L*SSB-periodicity, where L is at least one. The PDCCH monitoring occasion is given in number of slots or subframes and so do the time unit for the offset. 

Proposal 3 – Support SIB based configuration of PEI, including
· a time offset relative to start of an associated PO, considered as reference time, to indicate start of PEI monitoring,
· minimum time-gap between last PEI occasion and associated PO.


	Intel 
	Alt 3
	Proposal 7: An offset is configured to derive MOs for PEI monitoring with respect to the start of PO or start of PF containing the PO, addressed by the PEI.

Proposal 10. The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO, where the reference time can be one of the following: the first MO of the target PO, or the start of the PF for the target PO.


	Xiaomi
	Alt 1
	Proposal 3: Support Alt 1, that is the first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO.


	CMCC
	Alt 1
	Proposal 3. Alt 1 is supported as the determination of PEI-O location.

Proposal 4. The PEI frame is determined as:
· (SFNPEI + PEI_offset + PF_offset) mod T= (T div N)*(UE_ID mod N) in case 1 PEI indicating multiple POs in 1 PF;
· (SFNPEI + PEI_offset + PF_offset) mod T= [T div (N/K)]*[floor(UE_ID/K) mod (N/K)] in case 1 PEI indicating multiple POs in K PFs.


	Transsion Holdings
	Alt 3?
	[image: ]
Figure 1

Proposal 6: An offset set and monitoring window can be defined for the PEI-O


	Panasonic
	Alt 3
	Observation 7: To determine the first monitoring occasion of the PEI-O, the specification impact of Alt 1 is larger than Alt 2 and Alt 3, in terms of the number of steps and additional efforts to define one-to-multiple mapping between PEI-F and PFs, if PEI for POs across multiple PFs is supported.

Observation 8: To determine the first monitoring occasion of the PEI-O, the Alt 3 can achieve same technical merits with Alt 2 but no need to specify the SS bursts between PEI-O and PO, which can just be gNB implementation.

Proposal 7: To adopt Alt 3 that the first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. the first MO of the first PO indicated by the PEI.


	Samsung
	Alt 3
	Observation 3: It is the number of SSBs processed before PEI reception that matters to achieve the target power saving gain of PEI, rather than the timing between SSBs and PEI. The number of SSBs needed before PEI-O depends on channel condition and sleep duration, while the impact of the SSB burst location is negligible.

Observations 5: Alt1 requires RAN2 to define a new concept of PEI frame, where multiple PEI-Os can be configured per PEI frame. However, multiple PEI-Os per frame is not needed to support 1:N mapping between PEI-O and POs. 

Observations 6: Alt2 overcomplicates the issue regarding time offset configuration, where the association or restriction based on SSB bursts are not needed, considering
· the number of SSB bursts needed for synchronization/AGC before PEI or PO are up to UE implementation, which can be different among UEs,
· a cell-specific configuration of L doesn’t work for all UEs in idle mode, 
· Rel-17 TRS resources for idle UEs is the PS scheme to address the issue of inappropriate time alignment between SSBs and data reception, which applies to both paging PDCCH and PEI PDCCH. The PEI should only focus on provide early paging indication to target PO. 

Observations 7: For RedCap UEs with separate initial DL BWP for paging, UE may doesn’t expect to receive SSBs in the separate initial DL BWP. 

Proposal 8: Support SIB based configuration for a time offset between start frame/slot of PEI-O and start frame/slot of the first PO indicated by the PEI.


	Apple
	Alt 3
	Proposal 6: The first MO for a PEI is provided by a negative offset in unit of symbols w.r.t. the first MO for the first PO indicated by the PEI. Separate offset value is provided for each PEI.


	Lenovo, Motorola Mobility
	Alt 1
	Proposal 3: The first PDCCH monitoring occasion of a PEI-O is provided with respect to a start of a reference frame determined by a frame-level offset to a PF of a target PO (Alt 1).


	InterDigital
	Alt 3
	Proposal 2: For determination of PEI-O location for a target PO, support Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.

Proposal 3: UE monitors the PEI PDCCH in K consecutive PDCCH monitoring occasions (where K is the number of actual transmitted SSBs) in a window according to the configured search space. The starting and ending points of the window are determined with reference to the firstPDCCH-MonitoringOccasionOfPO of the associated PO (or the first PO if multiple POs are indicated). 


	LGE
	Alt 1
	Proposal 6: Support Alt 1 for determining the PEI occasion 

Proposal 7: Define PEI occasion, which is a set of PDCCH monitoring occasions. 
· The PDCCH monitoring occasions for PEI are determined according to peiSearchSpace and [firstPDCCH-MonitoringOccasionOfPEI]
· When SearchSpaceId = 0 is configured for peiSearchSpace, the PDCCH monitoring occasions for PEI are same as for RMSI
· When SearchSpaceId other than 0 is configured for peiSearchSpace, the UE monitors the PEI occasion which is configured via higher layer 

Proposal 8: Define PEI frame as the Radio Frame contains one PEI occasion or starting point of a PEI Occasion.
· PEI Frame is determined by offset from the PF


	NTT DOCOMO
	Alt 1
	Proposed 6: Support the first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO (Alt1).


	Ericsson
	Alt 1
	[bookmark: _Toc87041015]Observation 7 From the UE power consumption perspective, at average 10% paging rate, the UE can at 90% of the time in idle mode immediately go back to deep sleep after PEI decoding regardless of PEI location with respect to PO.

[bookmark: _Toc87041016][bookmark: _Toc54381099]Observation 8 PEI transmissions should not be restricted to be in conjunction/adjacent to other transmission.

[bookmark: _Toc87041031]Proposal 15 A separate search space for PEI PDCCH monitoring can reuse the same principle as for paging including a new parameter firstPDCCH-MonitoringOccasionOfPEI.

[bookmark: _Toc7813653][bookmark: _Toc87041032]Proposal 16 PO-specific configuration of the PEI search window follows alt1 from RAN1#106b-e meeting, including an offset frames from the paging frame (PF) associated with the PO ranging at least up to 3 SSBs prior to PF and includes a window of PEI monitoring occasions during which the UE searches for PEI.


	Qualcomm 
	Alt 2
	[bookmark: o1]Observation 1: BWP and CORESET for PEI PDCCH monitoring by the RedCap UE may depend on the following design aspect for the RedCap UE:
· Whether separate initial DL BWP is adopted for the RedCap UE
· Whether paging occasions are configured in RedCap initial DL BWP for the RedCap UE
· Whether SSB or TRS is transmitted in the RedCap initial DL BWP.

[bookmark: o2]Observation 2: From UE power saving and implementation perspective, it is beneficial if 
· The gap between PEI and target PO is large enough for UE to finish PEI PDCCH decoding and wake up the hardware before PO
· SSB and PEI are received in the same slot.

[bookmark: p1]Proposal 1: A non-zero gap between the PEI monitoring occasions across beams and the target PO is needed 
· The gap is from the end of PEI monitoring occasions to the start of target PO
· Note: the gap should be long enough for the UE to process the PEI and to wake up the hardware.

[bookmark: o3]Observation 3: SSB and PO alignment can lead to UE power saving. Aligning SSB and PEI can achieve similar power saving effect for Rel-17 PEI design.

[bookmark: o4]Observation 4: For determination of PEI location for a target PO, Alt 1 and Alt 3 requires per PF or per PO offset configuration to align the PEI with SSB.


[bookmark: _Ref86927325]Figure 1: Alternatives for location of PEI monitoring occasion

[bookmark: p3]Proposal 3: To determine the location of the first PEI PDCCH monitoring occasion, adopt the alignment between PEI and SSB as described in Alt 2 with the following updates
· Do not use the SSB burst that overlaps in time with the target PO as reference time for PEI location
· There is no need to explicitly define . The first SSB before the PO that satisfies the minimum gap between PEI and PO is used as the reference time for PEI
· Use the “start” of the SSB burst as reference time for PEI.


	MediaTek 
	Alt 2
	Observation 2: For UE power saving gain in high SNR case, PEI-O should be placed close/adjacent to an earlier SS burst before PO.
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Figure 1: PEI-O locations and the corresponding power saving gains (illustrating the case UE not paged)

Observation 3: There is buffering penalty to realize UE power saving with overlapped PEI-O and SS burst. The amount of buffering is even larger for a REDCAP UE than an eMBB UE due to its slower processing speed.
· Note: if REDCAP UE needs to additionally receive previous SS burst for 1st PEI to avoid buffering, the wake-up energy overhead will cause larger power consumption than legacy UEs in high SNR case. 
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Figure 2: PEI-O location where PDCCH monitoring occasion for PEI can be ahead of its associated SSB

Proposal 6: PEI-O location should be close to and after an earlier SS burst before PO

Observation 4: PDSCH is more sensitive to CFO than PDCCH. The CFO that allows UE to detect PDCCH-based PEI may not be small enough for reliable detection of paging PDSCH.

Proposal 7: Network configuration between PEI-O and PO should allow at last one SS burst or TRS for UE to further reduce CFO for reliable detection of paging PDSCH

Proposal 8: For determination of PEI-O location, the following alternative is supported:
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th earlier SS burst before the first PDCCH monitoring occasion of the target PO.
· L is configurable with value in {1, 2, 3}
· The first PDCCH monitoring occasion of the PEI-O is provided by a time offset from the slot end of the reference SS burst and is configurable with value in {0, 1, 2, …, 63} symbol(s)


	Nokia
	Alt 1
	Observation: The start point of the PEI-O needs to be determined at symbol level.  

Proposal: Determine the PEI-O configuration based on PF of the target PO.

Proposal: Define the reference location for PEI monitoring, PEI frame (PEI-F), based on offset to PF. Offset could be defined in radio frames, and be separate for each PF, with range of 1 to [8] frames.

Proposal: Define a PO specific offset, PEI-O, (e.g. ‘firstPDCCH-MonitoringOccasionOfPEI’) in relation to PEI monitoring reference location PEI-F. Offset could be defined in symbols and be separate for each PO.

[image: ]
[bookmark: _Ref83722317]Figure 1. Illustration of PDCCH-based PEI monitoring occasion configuration

Observation: If Type0-PDCCH CSS is re-used for PEI monitoring, PEI-PF offset can be used to indicate the PEI monitoring occasion corresponding to the PF/PO.

Observation: Minimum time gap between PO and PEI should enable UE to acquire synchronisation for paging message reception.
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[bookmark: _Ref86914732]Figure 2 Timeline for SSB, PEI and PO monitoring/reception.

[image: Graphical user interface

Description automatically generated]
Figure 3 Result for PEI duration of 3/2/1 slots (left) and 8 slots (right). The reference is the release 15 paging procedure.

Observation: The highest energy saving benefit is achieved when the PEI is located right after the last SSB prior to the PO.

Observation: The lowest energy saving benefit is achieved when the PEI is located at an offset after the last SSB, which prevents deep sleep.

Observation: The energy saving impact of the SSB-to-PEI offset is small considering overall UE energy consumption.

Proposal: Network implementation can decide where network configures the PEI location in time domain.


	Nordic
	Alt 3
	[image: ]
Figure 1  PEI to PO mapping for different combinations 

Proposal-3: Support Alt3, gNB configures offset in units of frames and range is from [1-4] frames.
· For the case when idle TRS periodicity is large >20ms, consider delaying UE’s PF from nominal location to frame after TRS, in order to facilitate power saving.  
· Map PEI and PO(s) as in Figure 1
· Note: Whether gNB guarantees 1 SSB or iTRS between PEI frame and PO frame is up to gNB implementation




From the above table, the following statistics can be obtained:

· Alt 1 (10 companies): Spreadtrum, CATT, OPPO, Xiaomi, CMCC, Lenovo & Moto, LGE, DoCoMo, Ericsson, Nokia, 
· Alt 2 (5 companies): HW & HiSi, vivo, TCL, QC, MTK
· Alt 3 (10 companies): ZTE, CATT, OPPO, Sony, Intel, Transsion, Panasonic, Samsung, Apple, Nodic

Since Alt 2 is of less support and SS burst start is also a frame start, moderator would like to first check companies’ view on merging Alt 1 and Alt 2. Since proponents of Alt 2 bring technical analyses that shows PEI-O close to SS burst is important for realizing the power saving, particularly useful for high SNR case. Moderator would like to check companies’ views in how to incorporate such benefit in terms of some proper restriction to Alt 1 parameters. 

Q1: Please provide your views and/or suggest revision for the possible integration of Alt 1 and Alt 2 that can include the power saving benefits by placing PEI-O close to an earlier SS burst (intention of Alt 2).

	· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· FFS: The unit and the range of the frame-level offset
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)


	· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion




For Alt 3, it is observed per-PO time offsets may be needed for flexible PEI-PO mapping. Also it is also useful if Alt 3 can incorporate part of characteristics of Alt 1 and Alt 2. In this regard, moderator would like to check companies’ views on the following question:

Q2: Please provide your views and/or suggest revision for supporting Alt 3 with
· Per-PO time offsets (and number of time offsets will be POnumPerPEI)
· Charactering a time offset by “number of frame(s)” and “symbol offset” from each PO start to PEI-O start. In this way, number of bits for each time offset can be reduced and the “frame offset” concept of Alt 1/2 can be incorporated. 

	· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
· FFS: The unit and the range of the time offset




Table 7 Companies’ views to the above questions
	Company
	Companies’ views

	Xiaomi
	Q1:
From our view, the intention of Alt 2 can be naturally merged in Alt 1. For Alt 1, the offset can be flexibly configured by frame level unit. If the offset if M* SSB periodicity, at least M-1 SSB will be located between PEI and PO.
We can agree with the intention of Alt 2, place PEI after and near to a SS burst so that T/F tracking and synchronization can be more power saving. But since we already have TRS for idle, which can be configured very flexibly, to facilitate the same purpose, it would be too restrictive to adopted Alt 2. It is even possible that only TRS, no SS burst, is between PEI and PO.

Q2:
The disadvantage of Alt 3 is there would be multiple offset if one PEI for multiple PO. And this is main reason we don’t support it. But if Alt 3 is to be supported, we agree with Moderator proposals in Q2.


	MediaTek
	For Q1:
If there is no majority support on Alt 2, we think allowing PEI-frame to be set to a frame with SS burst can be one way forward.

	Alt 1 (updated): The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· The frame-level offset from PF start to PEI frame (PEI-F) start is in unit of frame and has value range of {0, 1, 2, 3, 4, 5, 6, 7, ,8}
· The unit of the configuration for the first PDCCH monitoring occasion w.r.t. PEI-F is symbol and has the following range, depending on SCS setting:
	SCS setting
	Value range (spanning 8 ms in unit of symbol)

	15 kHz
	{0, 1, …, 111}

	30 kHz
	{0, 1, …, 223}

	60 kHz
	{0, 1, …, 447}

	120 kHz
	{0, 1, …, 895}







For Q2: 
For Alt 3, per-PO time offset is a reasonable way forward for UE to identify PEI-O along the determination of PO. Assuming 1 PEI for POs in a PF, we can specify 4 time offsets so that UE can refer its offset according the PO index .

Decoupling the time offset into frame portion and symbol portion is also useful to incorporate Alt 2 design as well as reduce the bit number for flexible time offsets. On the other hand, for the case 1 PEI is only for POs in a PF, we see the resulting signalling overhead is actually larger than Alt 1, where the frame offsets for the 4 POs is a common PEI-F offset. Neverthless, the following updated Alt 3 can also be considered:

	Alt 3 (updated): The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· The reference time the start of the PF for the target PO
· There are  time offset(s) specified as ,
· The range of  is {0, 1, 2, 3, 4, 5, 6, 7, ,8}
· #symbols per frame and the range of  depends on SCS setting: 
	SCS setting
	#symbols per frame
	the range of 

	15 kHz
	140
	{0, 1, …, 139}

	30 kHz
	280
	{0, 1, …, 279}

	60 kHz
	560
	{0, 1, …, 559}

	120 kHz
	1120
	{0, 1, …, 1119}







	
	

	Nordic
	For Q2: 
We are supportive of alternative 3, but we think offset should be only in units of frames. It would be sufficient to have predetermined mapping between MOs of PEI to MOs of POs 

If some minimal values of distance should be defined, they could be in symbols.





	Samsung 
	Q1: We think Alt3 already provide gNB high flexibility to place PEI-O close to SSB burst. In general, we don’t the gap between SSB burst and PEI-O is a problem at all. In the worst case, the nearest SSB burst before PEI-O is one SSB burst period, e.g. 20ms, which is totally fine. The synchronization won’t change within such short period. Also, idle mode TRS resources is the PS scheme to address the issue. Lastly, if companies really think SSB location is an issue, we are fine to not reuse SS set #0. 

Q2: we don’t see any benefit to support Per-PO time offset. The gaps between POs that indicated by the same PEI are predetermined. Even we support multiple Per-PO time offsets, the value of Per-PO time offset is limited only by the time offset between PEI-O and the first PO from the multiple POs indicated by the same PEI. 

	Panasonic
	On Q2, the time offset is defined w.r.t the first MO of the first PO indicated by the PEI. This is a quite clearer solution rather than charactering a time offset from each PO start to PEI-O start.

	CATT
	Q1:  We don’t agree to integrate Alt 1 and Alt 2.  It is network configuration to determine the distance of  PEI occasion to the SSB.   We don’t agree on this proposal in particular Alt 2 has least support from companies.   Either Alt 1 or Alt 3 standalone would be a good solution.  

Q2: We have strong concern and can NOT agree on the Per-PO time offset since it requires large higher layer signaling for indicating offset of each PO without any benefit when one PEI associated with multiple POs.  



	Intel
	Q1. Do not support. Based on companies positions, we think correct approach should be to merge Alt 1 and Alt 3 and find their common ground (e.g., using start of PF as reference for calculating offset), instead of bringing Alt2 into the picture which has minimal support and needs more specification efforts. 

Q2: We think per PO offset is possible, although it may require gNB to indicate multiple offsets per PO in a PF. To find a common ground, one way forward is to consider start of PF as reference point for calculating offset. Whether to adopt frame level offset or symbol/slot level offset, that can be further discussed. 

We suggest to agree the following, by merging Alt 1 and Alt 3

· The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of the PF of the target PO
· FFS: The unit and the range of the offset(s) needed to identify the first PDCCH monitoring occasion of the PEI-O
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)


	Qualcomm
	Q1: We agree that Alt 1 can achieve Alt 2 effect and provides more flexibility of network configuration. However, we would like to note that such a flexibility is not beneficial for UE power saving and can even hurt UE power saving performance if PEI location is not aligned with SSB location. In typical channel condition, UE just need one SSB to update its tracking loops. In this case, the only essential power saving source is the alignment between PEI and SSB so that UE just wakes up once to receive both SSB and PEI. Without this alignment, the power saving gain is only provided by UE sub-grouping. As indicated by companies’ evaluation result, this power saving gain is very small. Even if some UEs need more than SSB per PO, aligning PEI and SSB still provides essential power saving gain. Therefore, we think Alt 2 should be the design as long as network configures UE to monitor PEI. Because of this, Alt 2 should be the baseline for PEI location determination. 
Q2: We do not think there is a need to explicitly configure per-PO offset from PO to PEI as Alt 3. Alt 2 can implicitly provide per-PO offset if PEI is aligned with SSB.

	Sharp
	Q1: Alt1 is sufficient, gNB can manage the offset for PEI-paging occasion from SSB by configuring a similar parameter as “firstPDCCHMonitoringOccasionOfPO”
Q2: we don't support Per-PO time offsets.  the PEI configuration will be configured in SIB for idle/inactive UEs and the configuration per-PO offset will incur significant overhead. 

	CMCC
	Q1: prefer Alt 1, gNB can guarantee a proper configuration to avoid the overlapping between SSB and PEI-O to avoid the issue in Alt 2. In addition, if we support one PEI associates with multiple PFs, Alt 2 needs more spec effort, e.g., the values of L-th SS burst are different among POs if the time gap between PF is larger than 20ms SSB periodicity.
Q2: Don’t support Alt 3, considering 1 PEI can indicate multiple POs in a PF, Alt 1 is simpler and reduce signalling overhead than Alt 3 which take PF as reference time not each PO.

	ZTE, Sanechips
	Q1: As we commented in our contribution, we think that the SSB processed by UE depends on many factors in implementation, it is not easy to conclude that which SSB that PEI is closely located will be beneficial to all UEs’ energy efficiency. Therefore, we don’t think we need to restrict the PEI location. Meanwhile, with alt 3, NW can configure PEI close to SSB, if needed. So we don't agree to merge alt1 and alt2 into one solution.
Q2: We agree that alt1 and alt 3 resemble each other.  We believe that alt 3 is the most flexible way for the determination of PEI occasions, which will fit into different PEI-PO mapping relationships. Therefore, we support the above proposal in general.
And we are okay to consider some aspects in alt1 and alt2 for the sake of progress, for example the time offset w.r.t. a reference time for the PF of the target PO. In addition, the occurrence of SSB between the PEI and the PO can be considered.

	LGE
	Q1: The intention of Alt 2 can be covered by Alt 1, and it is obvious that Alt 1 provide more flexibility of network configuration. Moreover, it should be noted that SSB periodicity can be set up to 160 ms by higher layer. The gap between PEI-O and PO around 160 ms seems not a proper configuration since it may cause significant paging latency. Thus, we prefer to keep current version of Alt 1. 
Q3: If a frame level offset is considered for Alt 3, we don't see much difference between Alt 1 and Alt 3. Otherwise if a slot/symbol level offset is considered without frame level offset, signaling overhead will be a matter. Moreover, if one PEI mapping to Ns PO(s) within a PF(or Ns*X PO(s) within a consecutive X PFs) is supported, a frame level offset can be applied to all the POs within a PF(s) simply. 

	Ericsson1
	Q1: Support Alt 1, and the allowed value range for both time offset and the first monitoring occasion should provide sufficiently flexibility for the NW. We support Mediatek proposed compromise Alt 1(updated), perhaps with a bit detailed check on the exact values. As explained in our contribution, Alt 1 enables simpler paging reconfiguration of the gNB by the O&M system compared to if other reference points such as POs are used. For example, the operator does not need to recalculate/reconfigure the PEI occasions in case additional POs are added to the system during runtime.

Q2 : We do not see any clear benefit of Alt 3 over Alt 1. 

	Huawei, HiSilicon
	Q1: we think Alt.2 should be the baseline for the discussion. All companies provides evaluation results based on the assumption of Alt.2 to provide PEI occasions are close to SS burst. We also would like to comment from UE vendor perspective that the reception duration and light sleep time would be reduced a lot if PEI occasions are close to SS burst, especially for High SINR case. It is not only about synchronization which is mentioned by Samsung. 

For eMBB UEs, we also observed that most of UEs only need one SS burst. For some RedCap UEs with reduced Rx chains, more SS bursts would be needed. Therefore, we think the close of SS burst and PEI occasions are the key component of PEI feature. 

Regarding the flexible configurations in Alt.1 and Alt.3, we agree with Qualcomm that this would not provide any power saving gain, which is the most important motivation of this feature. And also, it seems we just design another flexible configured set of POs by Alt.1 and Alt.3, which may have the same situation as that in Rel-15/16 with worse power consumption than LTE.

We are open on the merge of Alt.1 and Alt.2, but we think we should target to achieve the Alt.2, which is the basis of the power saving gain we observed.

Q2: we don’t think per-PO configuration is needed. One PEI is transmitted per SS burst period. Let’s just define one offset to determine PEI location.



	vivo
	Q1: We agree that the intention of Alt2 should be addressed. Also, it will be fine to integrate Alt 1 and Alt 2. 
To extract the advantages of both alternatives, we suggest the following integration solution:
· Define PEI-frame, and select the system frame which contains SSB as the PEI-frame to address the intention of Alt2 as shown in the below figure. 
· To avoid the Per-PO time offset, configure the list of firstPDCCH-MonitoringOccasionOfPEI-O for each PEI-frame. Each of PEI-Os in a PEI-frame corresponds to a firstPDCCH-MonitoringOccasionOfPEI-O parameter.
· To place PEI-O close to an earlier SS burst, the values of firstPDCCH-MonitoringOccasionOfPEI-O can be configured with respect to the end/start of the SSB contained in the PEI-frame.
· FFS: whether the gap between PEI-O and the associated PF/PO should contain M SSB bursts, where the value of M can be 1, 2, 3 etc.



Q2: we do not support Alt3 due to the Per-PO time offset.

	Apple
	Q1: we do not think Alt 1 and 2 can be easily merge together. Alt 1 or Alt 3 can be configured in a way to achieve Alt 2, but not guaranteed. We do agree that putting PEI and SSB close together is more efficient for UE power saving, but this can be only achieved if the offset between SSB and PEI is very strictly controlled. It would be good to know the proposed range for the offset in Alt 2.

Q2: Alt 1 and 3 are very similar fundamentally. The reason for us to support Alt 3 with the reference time being the first MO of the first PO indicated by the PEI is that the start of the PF for the target PO may not be a good choice because the actual PO can be far from the start of the PF. This would result in a larger range for the offset value. On the other hand, if we use the first MO as the reference time, we only need to determine the maximum offset for PEI compared to the first MO and the range is then well-defined.
Moreover, for Alt 3, the time offset does not need to be per PO. It can be configured per PEI, using the first MO of the first PO indicated by the PEI as the reference.
In terms of overhead, it is not clear to us why a single offset in unit of symbol would have more overhead compared to a frame offset plus a symbol-level offset. We think they should be the same or similar (a single offset should not be worse).

	Lenovo/MotM
	Q1: We think Alt 1 is sufficient. It is not clear that Alt 2 (attempting to align PEI-O with SSB burst) can provide the best power saving gain. Also, TRS provisioned for idle/inactive mode UEs should be considered.
Q2: Not support. It is not clear that per-PO time offset can provide additional power saving gain. 

	Spreadtrum
	Q1: We support merge Alt-1 and Alt-2 by putting the restrictions, e.g. guarantee the maximum offset b/w the 1st SS burst and PEI is smaller than a value. We should optimize the case where PEI indicates not to monitor PO, so the maximum offset b/w the 1st SS burst and PEI should be small enough to achieve the promising power saving gain. For the MTK’s version, we slightly prefer to reuse “fisrtPDCCH…PO”, which gives the full flexibility, i.e.
firstPDCCH-MonitoringOccasionOfPO   CHOICE {
        sCS15KHZoneT                                                                SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),
        sCS30KHZoneT-SCS15KHZhalfT                                                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),
        sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT                                 SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),
        sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT             SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),
        sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),
        sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),
        sCS120KHZoneEighthT-SCS60KHZoneSixteenthT                                   SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),
        sCS120KHZoneSixteenthT                                                      SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)
    }      OPTIONAL,           -- Need R
Q2: For Alt-3, multiple offsets should be supported at least for 1 PEI indicating 1 PO. We think without frame/symbol level offset mechanism, the absolute values of offset cannot provide the sufficient flexibility, and UE power saving gain will be reduced. So we prefer Alt-1 than Alt-3. 

	OPPO
	For alt3, when 1 PEI map to multiple POs, the time offset is defined w.r.t a reference time for the first PO indicated by the PEI. There is no need to configure a time offset from each PO start to PEI-O start. 
To merge alt1 and alt3, we think the reference time of alt3 could be the start of the PF for the first PO indicated by PEI. And the offset is from the start of PF for the first PO indicated by PEI to the start of PEI-O.


	TCL
	Q1: we support alt2, as it can provide enough time gap between PEI and PO for the case when TRS in configured before the target PO, and PEI can be used to indicate the TRS. In our view, a frame level offset is not as stable option and it can change with the number of configured POs in a PF. On the other hand, in a PO level offset there will be one constant offset between PEI and the target PO. Even in case when 4 POs are configured in a PF, only one PEI will be transmitted and the PEI-O offset can be defined based on the first PO. 

Q2: Alt3 which focus on multiple offset and summing up the offset. In our view, there is no need of summing up the offset. 


	Transsion Holdings
	We support alt 2+alt3. For idle/inactive mode, the SSB period is not always 20ms, but may be 160ms. This causes the number of POs in an SSB period to exceed the maximum number of POs that can be associated with a PEI. Therefore, during one SSB, we may need multiple PEIs. Therefore, we suggest that for the PEI closed to the SSB, the reference point should be SSB, and for other PEIs in the same SSB period, the reference point should be PO

	Nokia(1st round)
	Q1:
We would support Alt 1 (as explained in our paper). For the frame level offset, range of {0 ..8} frames could be considered. The symbol level offset (PEI-O) from the reference frame (PEI-F) could have same range and definition as for firstPDCCH-MonitoringOccasionOfPO.  As explained in our paper, this offset would need to be in symbol level to enable addressing the symbols in slot as per SS configuration. 
Q2:
If we want to support mapping of PO to different PEIs (in a PF) we think we need PO specific offset. I.e. it should not be required to have all PEI monitoring occasions (corresponding to different POs) to be consecutive. We could consider using re-using the firstPDCCH-MonitoringOccasionOfPO  for PEI as well. However as the UL/DL slot pattern periodicity can be 20ms, thus if the frame offset (between PF and PEI-F) is not function of (or aligned to) of UL/DL slot pattern periodicity , the PEI-O would need to be different than firstPDCCH-MonitoringOccasionOfPO. Number of offsets needed would be same as number of POs (similar to paging configuration). The offset from PF to PEI-F could be PF specific, thus does not significantly affect the overhead.


	IDCC
	For Q2, we think offset to the first PO can be used. For Q1, we do not think Alt2 is necessary.
Overall, we prefer Alt 3 due to its simplicity.



For companies’ inputs, the following can be observed:
· On Alt 2, moderator would like suggest to transform the design in to the range consideration of updated Alt 1 and Alt3. To address the proponents’ technical concern on achieving UE power saving gain, moderator would like to suggest adding a bullet “PEI-O location adjacent to or overlapped with an earlier SS burst can be configured” so that the flexibility is kept for network implementation.

· PEI-O determination should be based on PO determination information where UE knows its PF,  and firstPDCCH-MonitoringOccasionOfPO of  symbol offset(s).
· For Alt 3, one distinguishing design is to reference the first PDCCH MO of the first PO of the POs indicated by one PEI. If a PEI can map to multiple PF, UE will have difficulty in judging what is the reference PDCCH MO since it may not be within UE’s PF. For Alt 1, there is similar issue for UE to judge what is the reference PF. In this regard, moderator would like to suggest consolidate the design based on “1 PEI is mapped to POnumPerPEI PO(s), where POnumPerPEI is a factor of Ns”. Note that since “whether to support mapping PEI to 3 POs in a PF” is still of no consensus, we can keep it FFS if there agrees to support.

· Given the condition “1 PEI is mapped to POnumPerPEI PO(s), where POnumPerPEI is a factor of Ns”, the first PDCCH MO of the first PO of the POs indicated by one PEI corresponds to the -th entry of firstPDCCH-MonitoringOccasionOfPO, and there will be  different offset(s) for a PF 
· For Alt 1, the entry number of the symbol level offset firstPDCCH-MonitoringOccasionOfPEI-O can be reduced from  to .
· For Al 3, the required entry number for the time offset(s) should also be .

By the above, moderator would like to check companies’ views on the following questions:

Q3: What is your views/suggested revision on the following proposal:
Proposal 3.1-1:
For the case, one PEI is mapped to POnumPerPEI PO(s) associated with a PF where POnumPerPEI is a factor of Ns, determination of PEI-O location for a target PO is selected from one of the following alternatives in RAN1#107-e:
· Alt 1a: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· The range of the frame-level offset is {0, -1, -2, …., -8}
· There is  symbol offset(s), provide by firstPDCCH-MonitoringOccasionOfPEI-O configured in SIB, The same range definition as firstPDCCH-MonitoringOccasionOfPO  is reused for each entry of firstPDCCH-MonitoringOccasionOfPEI-O
· Alt 3a: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. the first MO of the first PO indicated by the PEI
· The first PDCCH MO of the first PO of the POs indicated by the PEI corresponds to the -th entry of firstPDCCH-MonitoringOccasionOfPO
· There is  time offset(s), provide by offsetTofirstPDCCH-MonitoringOccasionOfPEI-O configured in SIB
· FFS: The unit and range of the time offset(s)
· PEI-O location adjacent to or overlapped with an earlier SS burst can be configured
FFS: Extension for “one PEI is mapped to 3 POs in a PF” and/or “one PEI is mapped to multiple PFs”, if supported


Additionally, to assist the decision, moderator would also like to check the following question:

Q4: Whether is there any critical configuration that both Alt 1a and Alt 3a cannot support (due to, e.g., lacking of flexibility)? If yes, please kindly provide your suggested revision. If no, can we proceed with majority decision? 

Table 8: Companies’ answers to for the questions: Q3 and Q4
	Company
	Company views/suggested revisions

	Spreadtrum
	Q1: Yes, Alt-1 and Alt-2 can be merged.
Q2: The reference time is related to per-PO offset. If the reference time is the target PO, there could be per-PO offset to let multiple POs share a PEI. If the reference time is the PF of the target PO, there could be one offset for multiple POs.
Q3: for Alt 1a, we are generally fine with it. For Alt 3a, it seems that if the reference time is the PF of the target PO, the number of offsets can be reduced. We suggest changing the reference time in Alt 3a.

	TCL
	Q3: we are generally fine with the proposal 

	Xiaomi
	Q3: Generally fine with the proposal
Q4: No any critical configurations we can see. and we can go with the majority view.

	MediaTek 
	For Q3: 
We are supportive of Proposal 3.1-1 with some revision on the value range. For Alt 1a, we understand there should be sufficient flexibility so that network can set the reference frame to be one frame of SS burst. Since SS burst periodicity can be up to 160 ms, we think the offset range should extend to {0, -1, -2, …, -16}. 
For Alt 3a, we understand setting reference point as PF start of the target PO can reduce the number of time offset. But, Apple’s concern also makes sense: “the start of the PF for the target PO may not be a good choice because the actual PO can be far from the start of the PF”. Given Alt 1a can have  symbol offset(s), it is balanced that Alt 3a can also have  time offset(s). In this regard. We are supportive of setting the reference point of Alt 3a to be the first MO of the first PO indicated by the PEI.

For Q4: 
Either Alt 1a or Alt 3a can work, and we are fine to go with majority decision. Regarding the flexibility to align an earlier SS burst with periodicity up to 160 ms, Alt 1a can achieve less signaling overhead with the aid of frame-level offset. But, if Alt 3a is decided, we can also include frame-level offset for overhead reduction purpose.


	vivo
	Q3:

We are generally fine with Alt 1a. 
But, as per the agreement endorsed in RAN1#106bis, there are still the following highlighted FFS that cannot be addressed by the current Proposal 3.1-1. For the purpose of performing CFO (carrier frequency offset) compensation, AGC and T/F tracking for paging PDCCH/PDSCH reception, we suggest that the frame-level offset should guarantee to contain M SSB bursts, where the value of M can be 1, 2, 3 etc.
	Agreement
Determination of PEI-O location for a target PO is based on one of the following alternatives:
· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· FFS: The unit and the range of the frame-level offset
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion
· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
· FFS: The unit and the range of the time offset
· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
· Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  
Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.
FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported



Furthermore, the sentence “PEI-O location adjacent to or overlapped with an earlier SS burst can be configured” is modified as follows. We think network should be able to configure PEI-Os overlapped with each other. In such case, all PEI-Os can be very close to the SSB having more power saving gain with very compact DCI size (each PEI corresponds to one PO).

Proposal 3.1-1 (Modified by vivo):
For the case, one PEI is mapped to POnumPerPEI PO(s) associated with a PF where POnumPerPEI is a factor of Ns, determination of PEI-O location for a target PO is selected from one of the following alternatives in RAN1#107-e:
· Alt 1a: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· The range of the frame-level offset is {0, -1, -2, …., -8}
· FFS: The frame-level offset contains M SSB bursts, where the value of M can be 1, 2, 3 etc.
· There is  symbol offset(s), provide by firstPDCCH-MonitoringOccasionOfPEI-O configured in SIB, The same range definition as firstPDCCH-MonitoringOccasionOfPO  is reused for each entry of firstPDCCH-MonitoringOccasionOfPEI-O
· Alt 3a: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. the first MO of the first PO indicated by the PEI
· The first PDCCH MO of the first PO of the POs indicated by the PEI corresponds to the -th entry of firstPDCCH-MonitoringOccasionOfPO
· There is  time offset(s), provide by offsetTofirstPDCCH-MonitoringOccasionOfPEI-O configured in SIB
· FFS: The unit and range of the time offset(s)
· PEI-O location adjacent to or overlapped with an earlier SS burst and/or another PEI-O can be configured
FFS: Extension for “one PEI is mapped to 3 POs in a PF” and/or “one PEI is mapped to multiple PFs”, if supported


	LGE
	Q3: We are fine with the proposal 3.1-1 and support Alt 1a.
Q4: When ‘peiSearchSpace’ is configured to one of up to 4 common SS sets configured by commonSearchSpaceList, how to determine PEI-O using the Alt 3a is not clear for us. One the other hand, in the case of Alt 1a, only the configuration of the frame level offset is required, and the PDCCH monitoring occasion of the existing SS set configuration can be reused to determine the PEI-O.

	Nordic
	Q3: OK, we support Alt 3a

	IDCC
	We prefer Alt3a due to its simplicity and less signaling overhead.

	Huawei, HiSilicon
	We do not support Proposal.

According to my reading of comments from companies, there are sufficient support from companies to at least merge Alt.2 and Alt.1. However our concern and preference are just simply ignored. Therefore, we can agree neither current Alt.1a nor Alt.3a.

Also, we have not agreed to introduce an explicit parameter POnumPerPEI yet. We didn’t know why we need to restrict the following proposal based on this parameter. We should make it general, e.g. use N to replace POnumPerPEI.

For Q4, we think the key point is not about the configuration flexibility. If we want to have flexibility configuration, we need neither Alt.1a nor Alt.3a to introduce some reference frame/reference time. We can just use higher layer signaling to configure the periodic window for the monitoring of PEI, which is very flexible. So, we think the design intention is how to guarantee the power saving gain, not to just give a flexible configuration.

As discussed previously, we think PEI should be transmitted close to SS burst and we don’t want multiple PEI transmission in one SSB periodicity. Neither the alternatives reflected the motivation that PEI should be placed close to SS burst. However, we can consider the following direction as compromise:

Proposal 3.1-1 revised by HW
For the case, one PEI is mapped to N POnumPerPEI PO(s) associated with a PF where POnumPerPEI is a factor of Ns, determination of PEI-O location for a target PO is selected from one of the following alternatives in RAN1#107-e:
· Alt 1a: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· The range of the frame-level offset is {0, -1, -2, …., -8}
· There is   one symbol offset(s), provide by firstPDCCH-MonitoringOccasionOfPEI-O configured in SIB for the PEI-O, The same range definition as firstPDCCH-MonitoringOccasionOfPO  is reused for each entry of firstPDCCH-MonitoringOccasionOfPEI-O
· Alt 3a: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. the first MO of the first PO indicated by the PEI
· The first PDCCH MO of the first PO of the POs indicated by the PEI corresponds to the -th entry of firstPDCCH-MonitoringOccasionOfPO
· There is  time offset(s), provide by offsetTofirstPDCCH-MonitoringOccasionOfPEI-O configured in SIB
· FFS: The unit and range of the time offset(s)
· PEI-O location adjacent to or overlapped with an earlier SS burst can be configured
· UE is not expected to receive a PEI-O with a first monitoring occasion that is [3ms] after than the end of L-th SS burst, which is before the first PDCCH monitoring occasion of the target PO, L = 1, 2, or 3.
· FFS: N is explicitly configured by POnumPerPEI or the same as the Ns or equals to the number of POs within the two adjacent SS bursts.
FFS: Extension for “one PEI is mapped to 3 POs in a PF” and/or “one PEI is mapped to multiple PFs”, if supported


	Nokia2
	Q3:
Just to clarify that option of mapping POs of different PF could be supported by Alt1a via the PF specific frame-level offset and providing just the starting location of the sub-grouping field associated to the given PO (as commented in 2.3).
For Alt 3a, what is the assumed range for offsetTofirstPDCCH-MonitoringOccasionOfPEI-O? As noted this would need to be at symbol level granularly in our understanding.
That being said we are in general OK with the proposal. 

Q4:
We think that Alt1a supports more flexibility accounting different SSB periodicities with lower configuration overhead. Hence support Alt1a.

	Panasonic
	On Q3, fine with the main bullet of Alt 3a. But the sub-bullets are based on assumption of PEI indicating POs within a PF. As multiple PFs is still pending, we propose to define a unified design on the time offset rather than extending it later.

	Qualcomm
	Q3: Proposal 3.1-1 is not acceptable to use. It does not reflect any of our analysis of benefit of Alt 2 and problems with Alt 1 and 3. Many companies (if not all) have assumed PEI alignment with SSB in their evaluation. That was actually the only material power saving gain for high SNR channel condition. We would like to ask two questions to moderator: why the typical channel condition with high SNR is not emphasized? Why the power saving gain due to alignment of SSB and PEI is ignored? 
Based on this, we cannot agree with anything of Proposal 3.1-1. UE should not be forced to rely on luck to achieve power saving by hoping that network will configure PEI aligned with SSB while has to implement the whole feature when it does not help save power or even hurts. 
We strongly request to add Alt 2 (SSB/PEI alignment) back to the discussion. Please note merging Alt 2 to other alternative do not work as the UE has to support the whole feature unless additional UE capabilities are defined.

Q4: As we mentioned above for Q3, Alt 1a and 3a cannot guarantee any power saving and they may even cause power loss to the UE. Only Alt 2 can guarantee power saving gain.


	CATT
	Q3: WE are OK to down select between  Alt 1a and Alt 3a.   However, we see the proposed formula is problematic and not technical correct.   Our suggestion is as folow


Proposal 3.1-1:
For the case, one PEI is mapped to POnumPerPEI PO(s) associated with a PF where POnumPerPEI is a factor of Ns, determination of PEI-O location for a target PO is selected from one of the following alternatives in RAN1#107-e:
· Alt 1a: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· The range of the frame-level offset is {0, -1, -2, …., -8}
· There is  symbol offset(s), provide by firstPDCCH-MonitoringOccasionOfPEI-O configured in SIB, The same range definition as firstPDCCH-MonitoringOccasionOfPO  is reused for each entry of firstPDCCH-MonitoringOccasionOfPEI-O
· Alt 3a: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. the first MO of the first PO indicated by the PEI
· The first PDCCH MO of the first PO of the POs indicated by the PEI corresponds to the -th entry of firstPDCCH-MonitoringOccasionOfPO
· There is  time offset(s), provide by offsetTofirstPDCCH-MonitoringOccasionOfPEI-O configured in SIB
· FFS: The unit and range of the time offset(s)
· PEI-O location adjacent to or overlapped with an earlier SS burst can be configured
FFS: Extension for “one PEI is mapped to 3 POs in a PF” and/or “one PEI is mapped to multiple PFs”, if supported



Q4: We don’t see any issue for Alt 1 and Alt 3.  CATT’s contribution R1-2111266 had shown several methods in configuring PEI for Alt 1 and Alt 3 without any restriction.   

	Ericsson2
	Q3 : OK with the proposal, we support Alt 1a, and also OK with extended values of frame-level offset (0,-1… -16). 
Q4 : Alt 1a provides sufficient flexibility in configuration and is also simpler to handle from NW perspective. 

	Samsung
	Q3: In general, we don’t think there is a need to consider the use case of mapping multiple PEIs to 1 PF or multiple PEI-Os within a frame. The main motivation to support multiple POs are reducing L1 signaling overhead. So, 1 PEI maps to multiple POs within one PF or multiple PFs is sufficient. Mapping multiple PEIs to 1 PF increases the L! signaling overhead. The total number of POs can be group into  Ns*N/ groups of consecutive POs, the first PO of the  POs indicated by the PEI is the first PO for each group. 
In this way, no need to define firstPDCCH-MonitoringOccasionOfPEI-O for Alt1a. Alt1 a and Alt 3a can be merged, to consider a single time offset between start of the PEI-O and start of the first PO indicated by the PEI. The time unit can be frame-level. 
The 3rd bullet is not needed. the earliest SSB before PEI-I can be derived based on configuration of PEO-O and SSB burst. How to process SSBs and how many numbers of SSBs are up to UE implementation.

	Intel
	Q3: We suggest to adopt a simple solution taking PF of the target PO  as reference point and avoid introduction of as few parameters as possible. We support Alt3a with changes. In Alt 3a, we think it makes more sense to assume PF of the target PO as the reference point in time. There is no need to identify a new location to obtain the offset. In our view, equations in sub-bullets  can be decided later after agreeing to one of Alt 1a and Alt3a. We do not think the sub-bullet “PEI-O location adjacent to or overlapped with an earlier SS burst can be configured”, is needed. It should be understood that it is achieved by NW configuration.

Q4: In our view, sufficient flexibility is available by Alt1a and Alt3a, by proper configuration of offset.

	ZTE, Sanechips
	We support Alt 3a.

For Alt 1a, we don’t think it is necessary to define a negative the frame-level offset. It is clear that the PEI is before the associated PO(s).

For Alt 3a, the correspondence between the PEI and the PO is incorrect. The mapping should be modified to the following to ensure that the adjacent POnumberperPEI POs are associated with the same PEI.
· 
The first PDCCH MO of the first PO of the POs indicated by the PEI corresponds to the (()+1)-th  -th entry of firstPDCCH-MonitoringOccasionOfPO

For the third bullet in proposal 3.1-1, if the PEI is overlapped with SSB, the resource collision will occur. UE may prioritize one of SSB or PEI reception as legacy specification. What’s more, it is unclear what “PEI-O location adjacent to an earlier SS burst” is. To address the proponents’ concerns on achieving UE power saving gain, we think the occurrence of SSB between the PEI and the PO can be considered. In this way, the UE can reduce SSB processing before PEI detection to achieve higher power saving gain when it is indicated not to receive PO.


	Apple2
	Q3: We are generally fine with the proposal to down-select between Alt 1a and 3a, with a preference for Alt 3a.
But for Alt 3a, “The first PDCCH MO of the first PO of the POs indicated by the PEI corresponds to the -th entry of firstPDCCH-MonitoringOccasionOfPO” does not seem correct or complete because i_s is not defined here. Our understanding is:
“The first PDCCH MO of the first PO of the POs indicated by the PEI corresponds to the -th entry of firstPDCCH-MonitoringOccasionOfPO, where is is the first PO of the POs indicated by the PEI”.

Q4: we do not see anything.

	DOCOMO
	Q3: We support Alt 3a.
Q4: We don’t see any issue for Alt 1 and Alt 3.

	OPPO
	Q3: we are generally fine with the proposal. 




After further discussion in the email thread titled “[107-e-NR-R17-PowSav-01] Email discussion regarding potential paging enhancements”, the following agreement is achieved:

Agreement
1. Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
0. FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
0. FFS: The range of the symbol-level offset
1. Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.


Support of Unlicensed Operation
The related agreement in RAN1#106-bis-e is quoted below:

	Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
· FFS: Determination of the PEI-O location 
· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured




In the following table, companies’ related views and proposals are collected:

	Company
	Companies’ Views

	Huawei, HiSilicon
	

	ZTE, Sanechips
	

	vivo
	

	TCL 
	

	Spreadtrum 
	

	CATT
	Proposal 17: PDCCH-based PEI can apply the same principle of multiple occasions for paging DCI in unlicensed spectrum.


	OPPO
	

	Sony
	

	Intel 
	

	Xiaomi
	

	CMCC
	

	Transsion Holdings
	

	Panasonic
	Proposal 5: For unlicensed spectrum operation, a separate parameter from nrofPDCCH-MonitoringOccasionPerSSB-InPO may be configured for PEI-O to support multiple monitoring occasions for each beam.


	Samsung
	Proposal 9: Reuse the multi-beam operation of PO for PEI-O regardless of nrofPDCCH-MonitoringOccasionPerSSB-InPO configured or not, such that a PEI occasion is a number of consecutive PDCCH monitoring occasions, where
· the number of consecutive PDCCH monitoring occasions, N, equals to the number of PDCCH MOs per PO
· the K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO


	Apple
	

	Lenovo, Motorola Mobility
	

	InterDigital
	Proposal 4: PEI is supported in unlicensed spectrum:
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPEI-O if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.


	LGE
	

	NTT DOCOMO
	

	Ericsson
	

	Qualcomm 
	

	MediaTek 
	

	Nokia
	Proposal: Multiple monitoring occasions per actually transmitted SSB is supported when nrofPDCCH-MonitoringOccasionPerSSB-InPO is configured.


	Nordic
	



There is no objection to the following principle: PEI can apply the same principle of multiple occasions for paging DCI in unlicensed spectrum. In this regard, moderator would like to check companies’ views in the following proposal: 

Q1: Please provides your views and/or suggested revision on the following Proposal 3.2-1
Proposal 3.2-1:
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPEI-O if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.

Table 9: Companies’ views to the above question
	Company
	Companies’ views

	Xiaomi
	Agree with the proposal.

	MediaTek
	We are supportive of Proposal 3.2-1 which is analogous to PO.

	Nordic 
	Agree

	Samsung 
	We don’t think explicit configuration of nrofPDCCH-MonitoringOccasionPerSSB-InPEI-O is needed. nrofPDCCH-MonitoringOccasionPerSSB-InPO can be reused for PEI-O. There should be one to one mapping between PEI PDCCH MOs and paging PDCCH MO. 

We suggest to replace “nrofPDCCH-MonitoringOccasionPerSSB-InPEI-O” by “nrofPDCCH-MonitoringOccasionPerSSB-InPO”


	Panasonic
	We support this proposal.

	CATT
	We are OK with the proposal.  


	Intel
	Support

	Qualcomm
	We are fine with proposal. Agree with Samsung that the number of PMOs per PO needs not to be explicitly configured for PEI.

	CMCC
	Ok

	ZTE, Sanechips
	Okay to reuse the principle of PO determination in NR-U.

	LGE
	It seems like our view for the shared spectrum channel access is not captured. 
We are generally fine with supporting ‘S*X’ consecutive PDCCH monitoring occasions. 
However, we would like to emphasize that ‘stopPagingMonitoring’ can be indicated using short message field in paging DCI to prevent unnecessary PDCCH monitoring at the PO where UE receive the indication when nrofPDCCH-MonitoringOccasionPerSSB-InPO is configured. From the power saving perspective, similar mechanism should be supported for the PEI. Otherwise, UE may need to monitor the entire PDCCH monitoring occasions of PEI-O regardless of PEI detection results, which is against the purpose of power saving feature. 
From this point of view, we need to consider how to indicate “stop PEI monitoring” when S>1 repetition is configured for a PEI-O. 

	Ericsson1
	OK.

	Huawei, HiSilicon
	Similar view with Samsung. It is not clear whether nrofPDCCH-MonitoringOccasionPerSSB-InPEI-O is configured only for unlicensed spectrum. Maybe we just reuse the parameter of PO.

	vivo
	OK.

	Apple
	Agree

	Lenovo/MotM
	Ok with the proposal

	OPPO
	Support.

	TCL 
	Agree with the proposal.

	Transsion Holdings
	Support

	Nokia(1st round)
	We are OK with the proposal in principle, and agree with Samsung that paging parameter can be re-used. 

	IDCC
	Support.




For Q1, as quoted below for reference, 
	Proposal 3.2-1:
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPEI-O if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.


· Yes: Xiaomi, MTK, Nordic, Panasonic, CATT, Intel, Ericsson, vivo, Apple, Lenovo/MotM, OPPO, TCL, Transsion, Nokia, IDCC
· No (unless nrofPDCCH-MonitoringOccasionPerSSB-InPO): Samsung, QC, HW&HiSi, LGE (need ‘stopPagingMonitoring’),  


In GTW2 of 11/12, the following agreement is achieved:

Agreement
For unlicensed operation,
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.
· If X > 1, when the UE detects a PEI within its PEI-O, the UE is not required to monitor the subsequent monitoring occasion(s) associated with the same PEI-O
Note: The QCL reference is SSB


Other PEI-O Related Design Considerations
In the following table, companies’ related views and proposals are collected:

	Company
	Companies’ Views

	Huawei, HiSilicon
	

	ZTE, Sanechips
	

	vivo
	

	TCL 
	

	Spreadtrum 
	

	CATT
	

	OPPO
	

	Sony
	

	Intel 
	

	Xiaomi
	

	CMCC
	

	Transsion Holdings
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Figure 2

Proposal 7: PEI should support multiple beams


	Panasonic
	

	Samsung
	

	Apple
	

	Lenovo, Motorola Mobility
	

	InterDigital
	

	LGE
	

	NTT DOCOMO
	

	Ericsson
	

	Qualcomm 
	

	MediaTek 
	

	Nokia
	[bookmark: _Hlk83723529]Proposal: Network flexibility to choose in which cells/beams paging is sent, should be maintained and applied also to PEI. 

Proposal: To enable/disable broadcast beam specific PEI, bit map could be used to indicate the SSBs to which the PEI is active.

Proposal: The PDCCH monitoring occasions for PEI which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF.

Proposal: Determine the valid PDCCH-PEI monitoring occasions from the search space configuration (e.g. ‘pagingSearchSpace’ or ‘peiSearchSpace’) based on monitoring occasion timing indicated by PEI-F and PEI-O (e.g. ‘firstPDCCH-MonitoringOccasionOfPEI’), slot configuration and number of actually transmitted SSBs.


	Nordic
	





Remaining ‘peiSearchSpace’ related designs
In RAN1#107-e, there agrees to specify ‘peiSearchSpace’ details for PEI: 
	Agreement 
Support configuration of a dedicated search space (‘peiSearchSpace’) for PEI
· FFS: Configuration details and whether and how to reuse legacy search space sets, including pagingSearchSpace and searchSpaceSetZero



The following sub-sessions are for addressing the remaining issues:
· Whether and how to reuse ‘pagingSearchSpace’ and ‘searchSpaceSetZero’ 
· Other dedicated specification for ‘peiSearchSpace’


Whether and How to Reuse ‘pagingSearchSpace’ and ‘searchSpaceSetZero’
In the following table, companies’ related views and proposals are collected:

	Company
	Companies’ Views

	Huawei, HiSilicon
	[image: C:\Users\z00526220\AppData\Roaming\eSpace_Desktop\UserData\z00526220\imagefiles\originalImgfiles\201F875A-882B-4E87-9777-E71C6168345B.png]
[bookmark: _Ref86739439]Figure 1 SearchSpaceZero configuration result in PDCCH monitoring occasion before the corresponding SSB

Proposal 1: peiSearchSpace can be configured to refer to an existing search space set if PDCCH monitoring occasions of the search space set to monitor PEI appearing after the corresponding SS burst.


	ZTE, Sanechips
	

	vivo
	Proposal 5: Not support to reuse searchSpaceSetZero as PEI search space. And support to reuse pagingSearchSpace as PEI search space when pagingSearchSpace ID>0.


	TCL 
	

	Spreadtrum 
	If search space zero is used for PEI and the same mechanism is applied to PEI-O, there could be collision b/w PO and the corresponding PEI in a frame. In our view, search space zero used by RAR/paging can be regarded as “fallback” search space when the time domain resource for CSS is lack.

For paging search space, it is more flexible than search space zero due to SIB1 configuration.
As the commonality of search space zero and paging search space, they are both used for scheduling data, so there are symbols in between monitor occasions reserved for scheduled data. However, this is not true for PEI search space.

Therefore, we are reserved our viewpoint on supporting using search space zero or paging search space for PEI, but we are open to discuss it.


	CATT
	Proposal 15: Reusing searchSpaceSetZero and pagingSearchSpace for PDCCH-based PEI is supported.


	OPPO
	

	Sony
	

	Intel 
	Proposal 5:  Dedicated search space of PEI may include paging search space or search space zero.


	Xiaomi
	Proposal 1: Paging search space should be reused to transmit PEI.

Proposal 2: Support search space 0 for PEI search space.

Proposal 8: If PEI is transmitted in paging search space, UE can directly try to decode the paging DCI in the same PO carrying PEI, to get the short messages.


	CMCC
	

	Transsion Holdings
	[bookmark: OLE_LINK2][bookmark: OLE_LINK7]Proposal 4: Reusing pagingSearchSpace with SearchSpaceId> 0.

Proposal 5: SearchSpaceZero cannot be supported.


	Panasonic
	Proposal 6: The dedicated search space (‘peiSearchSpace’) for PEI is optionally configured and added in the commonSearchSpaceList of PDCCH-ConfigCommon. If not configured, peiSearchSpace can share same search space ID with pageSearchSpace or searchSpaceSetZero.


	Samsung
	Observations 4: PEI PDCCH is no different from paging PDCCH regarding synchronization requirement based on SSB, there is no problem to reuse SS#0 for PEI.

gNB has the flexibility to configure a search space set ID with applicable value of 0, 1, 2, 3, for peiSearchSpace. 
Proposal 6: Support configuration of peiSearchSpace with applicable values of 0, 1, 2, or 3. by SIB. 

Proposal 7: Support same CORESET for peiSearchSpace and pagingSearchSpace without explicit/dedicated configuration of CORESET for peiSearchSpace.


	Apple
	Proposal 7: peiSearchSpace can be configured to be search space set #0 for multiplexing pattern 1 if O is not equal to 0.
· Further discuss whether peiSearchSpace can be configured to be search space set #0 for multiplexing pattern 2 and 3.


	Lenovo, Motorola Mobility
	

	InterDigital
	Proposal 5: Support configuration of pagingSearchSpace and searchSpaceSetZero as PEI search space.


	LGE
	

	NTT DOCOMO
	

	Ericsson
	

	Qualcomm 
	Proposal 2: Do not support direct reuse of pagingSearchSpace for PEI PDCCH monitoring including the case pagingSearchSpace is same as searchSpaceSetZero
· It is fine to derive the PEI search space set from the pagingSearchSpace by separately determining time domain location of PEI monitoring occasion so that there is a gap between PEI monitoring occasion and PO.

[bookmark: o5]Observation 5: If searchSpaceSetZero is not configured as pagingSearchSpace, i.e., PEI and paging PDCCH are configured in different search space sets, it is possible for the network to configure PEI such that there is a minimum gap between the PEI location and the PO. 

Proposal 5: If searchSpaceZero is used for PEI PDCCH monitoring, only index 1 of Table 13-11 is supported for FR1 and only indices 1 and 6 of Table 13-12 are supported for FR2.


Figure 2: SS/PBCH block and CORESET multiplexing patterns


	MediaTek 
	Observation 5: Network can spare PDCCH resources for PEI from reduced number of POs. The increased PO paging rate has limited impact (<1% increment) to legacy idle/inactive UE power consumption since it is dominated by UE wake-ups before PO, and the wake-ups are irrelevant to PO paging rate. 

[image: ]
Figure 5: How network can improve idle/inactive UE power saving with less PDCCH resources for paging

Observation 6: Subject to the same or less overall PDCCH resource overhead for paging, the monitoring occasions provided by pagingSearchSpace or searchSpaceSetZero may lead to inferior UE power saving gain. 

Proposal 9: PEI applies dedicated search space set to optimize PEI-O location for idle/inactive UE power saving 
· Reference to legacy pagingSearchSpace or searchSpaceSetZero is not supported


	Nokia
	Proposal: Support also searchSpaceSetZero for PEI monitoring. 


	Nordic
	Proposal-2: peiSearchSpace can be zero or non-zero (i.e. one of up to 4 common SS sets configured by commonSearchSpaceList).




From the above table, the following statistics can be obtained:

· Support searchSpaceSetZero and pagingSearchSpace with ID = 0:
· Yes (11 companies; 3 of them suggest conditional support): HW & HiSi (if after SS burst), CATT, Intel, Xiaomi, Panasonic, Samsung, Apple (pattern 1 with ), InterDigital, QC (some selected patterns), Nokia, Nordic
· No (4 companies): vivo, Spreadtrum, Transsion, MTK, 

· Support reference to other legacy common search space configuration with ID > 0:
· Yes (9 companies; 1 of them suggest conditional support): HW & HiSi (if after SS burst), vivo, CATT, Intel, Xiaomi, Transsion, Panasonic, Samsung, Nordic
· No (4 Companies): Spreadtrum, InterDigital, QC, MTK, 

From the statistics, it looks restricting to some patterns for SS#0 can give good consensus and potentially address the concern of objecting companies. In this regard, moderator would like to check the following question first:
 
Q1: Please provides your views and/or suggested revision on the following Proposal 4.1-1
Proposal 4.1-1: 
If searchSpaceZero is used for PEI PDCCH monitoring, only index 1 of Table 13-11 is supported for FR1 and only indices 1 and 6 of Table 13-12 are supported for FR2.


For reference to other legacy common search space set configuration, the main concern from the opponents is whether the configurations can be useful for power saving. To address opponent companies’ concern, moderator suggests to add a note for Proposal 4.1-2: 

Q2: Please provides your views and/or suggested revision on the following Proposal 4.1-2
Proposal 4.1-2: 
peiSearchSpace can reference to one of up to 4 common SS sets configured by commonSearchSpaceList.
Note: Reference legacy common SS set configuration may not necessarily optimize UE power saving

Table 10: Companies’ views to the above question
	Company
	Companies’ views

	Xiaomi
	Q1:
We can understand the intention of Proposal 4.1-1. But we believe whether to apply certain searchspaceZero for PEI should leave to gNB’s judge(whether to prioritize resource efficiency over power saving ).
If  the nearest SSB is a little far away from PEI, UE may have to wake up to synchronize on SSB first, and then fall into sleep for a short period and wake up again to monitor PEI, which would cost some power on the two state transition periods. but as a whole, there would still be power saving gain in this case.
And Type #0 CSS, which is composed by search space 0 and CORESET 0, is a default and very important CSS, all the search space in RRC idle mode, Type #0A/#1/#2 CSS, if not configured, can all use Type #0 CSS by default. So gNB may very possible only configure Type #0 CSS in idle mode to save resource overhead, and CSS for PEI should also be able to reuse Type #0 CSS. From our understanding, it should be left to gNB implementation to decide whether to configure Type #0 CSS(which includes search space 0) for PEI for the purpose of saving resource overhead at the cost of some extra power. And gNB can always avoid such search space 0 mentioned above configured as PEI search space if gNB decide to save the power of the two state transition periods.
Q2:
Support the proposal.


	MediaTek 
	For Q1:
We are not supportive of Proposal 4.1-1 since O value of FR1 should at least be restricted. But if the restriction cause undesired specification effort, we suggest not to support SS#0 for simplicity.

For Q2:
We can support Proposal 4.1-2 given SS#0 is excluded. The following is the suggested revision:

Proposal 4.1-2 (updated): 
peiSearchSpace can reference to one of up to 4 common SS sets configured by commonSearchSpaceList and with SearchSpaceId > 0.
Note: Referencing legacy common SS set configuration may not necessarily optimize UE power saving


	Nordic
	
Q1: We do not really understand why restrictions are needed, but would be fine also not to support SS#0
Q2: Support

	Samsung 
	Q1: We are not clear how the restriction helps to resolve any issue. We don’t see the need to restrict gNB’s flexibility to reuse SS#0. Compared with the proposed restriction, we prefer to not support SS#0 as a compromise. 
Q2:OK. 

	Panasonic
	On Q1, we understand the motivation that the PEI PDCCH monitoring occasions are desired to be later than the location of SSB. However, we do not think such restriction is necessary. As UE may wake up to receive multiple SSBs depending on the channel condition and different implementations, the benefit is marginal.
	
On Q2,  we are okay with proposal 4.1-2.

	CATT
	Q1: We can NOT agree to have any restriction when SearchSpaceZero is used.

Q2:  We are OK with the proposal.

	Intel
	Q1: Do not support such restriction. If there is MO before SSB, that can still be used by buffering at the UE. Moreover, some companies are assuming one SSB maybe sufficient for PEI detection regardless of SINR conditions. We do not agree with this statement, since UE may need to prepare for worst case in terms of #SSBs processing before PEI DCI. 

Q2: Support main bullet. We do not see the need for the note

	Qualcomm
	Q1: we support the proposal 4.1-1 for multiplexing pattern 1 with the limited indices. We support multiplexing pattern 2 and 3 for FR2 unconditionally. 

Q2: the note is confusing. The purpose of PEI is to optimize the power saving gain, then network should do its best to configure such a SS set for PEI monitoring. Besides, pagingSearchSpace should be precluded because it assumes one PEI to one PO mapping and provides minimal power saving gain. There has been an agreement that sub-grouping indication is only carried by PEI but not paging PDCCH. Then receiving PEI at the same location as paging PDCCH should be precluded too as it also causes potential collision with the paging PDCCH. 

	
	

	Sharp
	Q1: we cannot see the benefits for the restriction
 
Q2: OK

	CMCC
	Q1: Don’t support to adding such kind of restriction.
Q2: Ok

	ZTE, Sanechips
	(1) We don't think the restriction in search space zero is needed.
In addition to search space 0, we think there is no harm to reuse paging search space set. Note it does not imply the PEI is overlapping with PO, since the PO is also determined by the location of paging frame, the configuration of first MO for each PO.  
(2)According to the observation in Rel-16 UE PS TR, the PS gain from reduction of blind detection is minimal, hence, we think the note is proposal 4.1-2 is not needed.
Besides, we think it is better to replace “reference” with “be configured” to make it clear.

	LGE
	Q1: We do not think such a restriction would be required. It should be gNB choice whether and how to configure PEI-O. If configured PEI-O is not preferred for a UE side, UE can skip the PEI and monitors a PO directly. We do prefer to support search space set zero without any restriction. 
Q2: We are fine with proposal 4.1-2, but we may not need the note.

	Ericsson1
	Q1: No – such restrictions are not needed. In fact, dedicated PEI search space that was agreed is enough - there is sufficient flexibility for NW to place the PEI SS at desired locations. 
	
Q2:  Such CSS set can be used for PEI. The same CSS set for PEI and other RNTIs (P/SI/RA) can be reused if they have the same payload size i.e. PEI size of 41 bits.


	Huawei, HiSilicon
	Q1: we think proposal 4.1-1 seems not enough. Our preference is PEI monitoring occasion is close and after the SS burst, considering UE needs time to process SS burst for Time/frequency retuning. We are fine to agree SS#0 supported with the above restriction.

Q2: we don’t agree but can be fine if we do some restriction for SS#0.

	vivo
	Q1: In addition to the concern raised by Huawei, in some configurations for searchSpaceSetZero as defined in clause 13 in TS 38.213 [4], there will be some overlaps in time domain between multiple PDCCH MOs corresponding to different SSB as illustrated in Figure 2 (assuming the SCS for both SSB and CORESET#0 is 30KHz). As such, UE will be forced to blindly select one QCL assumption to do PEI detection. Due to this ambiguity, the MDR of PEI will be impacted and may not be guaranteed, however, this goes against with our previous agreements for the MDR of PEI (i.e., the MDR of PEI should be much lower than that of paging PDCCH) endorsed in RAN1 #104e [2].
[image: ]
[bookmark: _Hlk87017683]Figure 2: The overlapping in time domain between multiple PDCCH MOs.
Given the facts aforementioned, some proper restrictions for reusing searchSpaceSetZero are needed aiming to address these concerns. However, these restrictions for reusing searchspacezero including Proposal 4.1-1 will make things become very complicated. At this very late stage, we suggest to not support to reuse searchSpaceSetZero as PEI search space.
Q2: The intention of the Note in proposal 4.1-2 conflicts with that of the main-bullet. From our opinions, we agree that reusing common SS sets except for pagingsearchspace cannot optimize UE power saving. However, rregarding pagingSearchSpace, in order to reduce resource overhead in some cases, it could be desirable to reuse it as PEI search space as long as pagingSearchSpace ID>0, considering the similar characteristics of beam operations and monitoring manner for paging PDCCH and PEI. 

	Apple
	Q1: we are supportive of introducing some restrictions for using searchSpaceZero for PEI. However, the reason for the proposed restriction is not clear to us.
Q2: OK.

	OPPO
	Q1:  We don't think the restriction in search space zero is needed.
Q2:  We are OK with the proposal.

	Nokia(1st round)
	Q1: We don’t support these restrictions. We think it is best that we either agree to support the Type0-PDCCH CSS unconditionally or preclude it, and would have preference to the former.
Q2: We would be OK with the proposal (wording changes depending on the SS#0 support conclusion). We don’t see that using pagingSearchSpace would imply one to one mapping for PEI and PO. If the PEI-O offset from PEI-F  point to same monitoring occasions, the PEI could be shared between POs.
 

	IDCC
	We think gNB should be able to configure searchspacezero. Restriction is not needed, gNB can configure accordingly. But if majority of companies support the restriction, we are ok with it.




For Q1, as quoted below for ease of reference,
		Proposal 4.1-1: 
If searchSpaceZero is used for PEI PDCCH monitoring, only index 1 of Table 13-11 is supported for FR1 and only indices 1 and 6 of Table 13-12 are supported for FR2.


· Yes (1 companies): QC (FR2 can be unconditional) 
· No: 
· Further restriction needed (4 companies): MTK, HW & HiSi, Apple, vivo (no SS#0)
· No need of restriction (14 companies): Xiaomi, Nordic (also fine with no SS#0), Samsung (also fine with no SS#0), Panasonic, CATT, Intel, Sharp, CMCC, ZTE, LGE, Ericsson, OPPO, Nokia, IDCC

For Q2, as quoted below for ease of reference,
	Proposal 4.1-2: 
peiSearchSpace can reference to one of up to 4 common SS sets configured by commonSearchSpaceList.
Note: Reference legacy common SS set configuration may not necessarily optimize UE power saving


· Yes: (14 companies) Xiaomi, Nordic, Samsung, Panasonic, CATT, Intel (w/o note), Sharp, CMCC, ZTE (w/o note), LGE (w/o note), Ericsson, OPPO, Nokia, IDCC
· No (4 companies): QC, MTK (unless SearchSpaceId > 0), HW & HiSi (unless SearchSpaceId > 0), vivo (unless SearchSpaceId > 0)

For SS#0, there are 4 companies desiring to set more restriction(s) while there are 14 companies think to support SS#0 without any configuration. Given SS#0 is controversial while the other CSS with SearchSpaceId > 0 may achieve consensus, moderator would like to check companies’ views in the following questions:


Q3: What is your view(s)/suggested revision(s) on the following conclusion?
Possible Conclusion 
For Rel-17, RAN1 has no consensus in configuring ‘peiSearchSpace’ to ‘searchSpaceSetZero’.


Q4: What is your view(s)/suggested revision(s) on the following Proposal?
Proposal 4.1-2 (r1) 
‘peiSearchSpace’ can be configured to one of up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0

Table 11: Companies’ answers for the questions: Q3 and Q4
	Company
	Company views/suggested revisions

	Xiaomi
	Q3: OK with the conclusion
Q4: Proposal 4.1-2 (r1) seems a little conflicting with the conclusion in Q3. if we have no consensus for configuring ‘peiSearchSpace’ to ‘searchSpaceSetZero’, then we should not mention “with SearchSpaceId > 0”. It should be left to gNB implementation to decide whether searchSpaceSetZero can be configured for PEI or not.

	MediaTek
	For Q3: 
We are fine not to reuse SS#0 since the dedicated ‘peiSearchSpace’ allows network to make functional PEI even without SS#0.

For Q4:
Since the conclusion in Q3 is no consensus in reusing SS#0, we understand the intention of Proposal 4.1-2 (r2) is to allow reuse of other CSS in SIB1. We can be fine with the proposal or completely replying on dedicated ‘peiSearchSpace’ (i.e., not supporting reuse of legacy CSS). 


	vivo
	Q3: OK.

Q4:
We can compromise that PEI SS can be configured to one of up to 4 CSS sets configured by commonSearchSpaceList with SearchSpaceId > 0, if it is the majority companies’ view.


	LGE
	For Q3 and Q4: 
Our preference is not precluding searchSpaceSetZero w/o restriction. If it is not acceptable, we would prefer to add FFS sub-bullet at proposal 4.1-2. 
FFS: Configuring ‘peiSearchSpace’ to ‘searchSpaceSetZero’

	Nordic
	Q3: OK, but we do not see technical issue with supporting it
Q4: OK


	IDCC
	We are ok with these proposals.

	Huawei, HiSilicon
	Q3: OK
Q4: we are fine with it.

	Nokia2
	Q3: While I understand that some companies do not want to support SS#0, I think it is bit strong conclusion based on the majority view (14 vs 4).
Q4: I think this is the bare minimum we need to agree, but would suggest to consider bit further. 
 

	Panasonic
	On Q3 and Q4, we can follow majority view on whether it is allowed.

	Qualcomm
	Q3: We support to use searchSpaceSetZero with limited setup for power saving when SSB and PEI alignment can be achieved for example (O=0, M=2) for FR1/2 with multiplexing type 1 and all configurations for multiplexing type 2 and 3 for FR2. For progress purpose, we can compromise to accept the possible conclusion.

Q4: Our concern about pagingSearchSpace in the last round discussion was ignored. Before Proposal 4.1-2 (r1) can be discussed, we have to first clarify whether pagingSearchSpace can be used for peiSearchSpace. Before that, we do not think this proposal can be accepted. We do not think pagingSearchSpace can be used as peiSearchSpace as it implies one PEI to one PO mapping which is not efficient for power saving and network resource overhead. 

	CATT
	Q3: I don’t know why we could make a conclusion with majority view on no restriction.  We could have possible conclusion as follows,
Possible Conclusion 
For Rel-17, RAN1 has no consensus it is up to RAN2 in RRC in configuring ‘peiSearchSpace’ to ‘searchSpaceSetZero’ for PEI without any restriction .


Q4:  We are OK with the proposal.  


	Ericsson2
	Q3 : OK. 
Q4 : OK. 

	Samsung 
	Q3: OK
Q4: OK

	Intel
	Q3: We are not supportive of precluding SS # 0. There is no technical feasibility issue
Q4: OK

	ZTE, Sanechips
	Q3:
According to the discussion in the first round, majority companies believe that searchSpaceSetZero can be configured to PEI. 

Q4:
We think search space set 0 should not be exclusive from the SSS configuration

	Apple2
	Q3: we could be fine with the conclusion. But we are also open to consider some restrictions to make it more friendly for the UE.
Q4: OK.
But I am not sure if I miss something important here. I would think this seems to be the only way we support peiSearchSpace if we do not use searchSpaceSetZero.
QC’s comment on using pagingSearchSpace is also a bit unclear to me. If we consider the case that searchSpaceSetZero is not used for either pagingSearchSpace or peiSearchSpace, they can point to the same search space ID that is configured in commonSearchSpaceList. But this does not really mean there is 1-to-1 mapping between PEI and PO, because the exact MOs for paging DCI and PEI DCI are determined following their own procedures. E.g. we can still apply the one-to-multiple mapping and determine the corresponding MOs for PEI based on proposal 3.1-1.

	OPPO
	Q3: We are OK with the proposal.
Q4: We are OK with the proposal.



After further discussion in the email thread titled “[107-e-NR-R17-PowSav-01] Email discussion regarding potential paging enhancements”, the following agreement is achieved:

Agreement
‘peiSearchSpace’ can be configured to one of up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0



Other Dedicated Specification for ‘peiSearchSpace’

	Company
	Companies’ Views

	Huawei, HiSilicon
	

	ZTE, Sanechips
	[bookmark: _Toc20977][bookmark: _Toc5422][bookmark: _Toc86840268][bookmark: _Toc25839][bookmark: _Toc87031840]Proposal 7: The aggregation levels and candidates of Type0/0A/2-PDCCH CSS can be reused for PDCCH-based PEI.


	vivo
	Proposal 6: Support to keep the same AL configuration of PEI search space with that of legacy CSS set.


	TCL 
	Proposal 3: The AL of PDCCH based PEI is configurable. 


	Spreadtrum 
	

	CATT
	

	OPPO
	

	Sony
	

	Intel 
	Proposal 8: CCE ALs and numbers of candidates for PDCCH CSS set for PEI monitoring are as follows:

	CCE Aggregation Level 
	Number of Candidates

	4 
	4

	8 
	2

	16 
	1




	Xiaomi
	

	CMCC
	

	Transsion Holdings
	

	Panasonic
	

	Samsung
	

	Apple
	Proposal 8: The maximum number of PDCCH candidates for PEI is 	4, 2 and 1 for AL 4, 8 and 16, respectively.


	Lenovo, Motorola Mobility
	

	InterDigital
	

	LGE
	

	NTT DOCOMO
	

	Ericsson
	

	Qualcomm 
	

	MediaTek 
	Observation 7: PEI-O is likely dedicated for PEI use since
· PEI transmission should be of high priority to secure paging performance which will impact PDCCH of legacy UE multiplexed in PEI-O
· If PEI is not transmitted, network can reuse the resource for PDSCH of legacy UEs by leveraging dynamic CORESET-wise rate-matching over PEI-O resources

Proposal 10: For PEI monitoring, up to 2 AL candidate values is supported


	Nokia
	

	Nordic
	



From the above table, the following statistics can be obtained: 

The aggregation levels and candidates of Type0/0A/2-PDCCH CSS can be reused for PDCCH-based PEI.
· Yes (4 Companies): ZTE, vivo, Intel, Apple, 
· No (2 companies): TCL (configurable), MTK (up to 2 ALs)

From the statistics, companies tend to reuse current setting for Type0/0A/2-PDCCH CSS. On the other hand, for network deployment where PEI utilizes dedicated occasions (not sharing with legacy PDCCH), it is reasonable to allow UE to perform less blind decoding. In this regard, moderator would like to check if the following proposal can work for all companies:

Q1: Please provides your views and/or suggested revision on the following Proposal 4.2-1
Proposal 4.2-1: 
The aggregation levels and candidates of Type0/0A/2-PDCCH CSS are the default configuration for PEI monitoring. When dedicated ‘peiSearchSpace’ setting is applied, a subset of the aggregation levels and candidates can be optionally configured.

Table 12: Companies’ views to the above question
	Company
	Companies’ views

	Xiaomi
	Fine with the Proposal.

	MediaTek
	We can accept Proposal 4.2-1 since network can avoid unnecessary UE blind decoding complexity when 
PEI-O is not shared with legacy PDCCH (but can be released for PDSCH of legacy UEs via dynamic CORESET-wise rate-matching)

	Nordic 
	Q1:  Agree

	Samsung
	Q1: The configuration of CCE AL should be up to gNB implementation. The don’t support the restriction to limit gNB’s flexibility. 

	Panasonic
	We do not support this proposal and think it is good to keep the AL options more flexible for network to control the performance and overhead,

	CATT
	Q1:  We don’t see the need and can NOT agree to have subset of ALs for peiSearchSpace in the specification, which increase the signaling overhead without any benefit. 

	Intel
	Support as follows, without the second sentence.

The aggregation levels and candidates of Type0/0A/2-PDCCH CSS are also adopted for the default configuration for PEI monitoring. When dedicated ‘peiSearchSpace’ setting is applied, a subset of the aggregation levels and candidates can be optionally configured.


	Qualcomm
	Fine with the proposal, but does not agree with the “subset” of AL and candidates part.

	CMCC
	Ok

	ZTE, Sanechips
	As we commented before, according to the observation in Rel-16 UE PS TR, the PS gain from reduction of blind detection is minimal. Reusing the AL and candidates of Type0/0A/2-PDCCH CSS provides more flexibility. There is no need to further restrict the number of candidates.
Intel’s revision looks okay to us.

	LGE
	We prefer to support using ALs and candidates of Type0/0A/2-PDCCH CSS and support Intel’s modified version. We do not see strong need for additional configuration. 

	Ericsson1
	Configuration of BD/AL should be part of the PEI SS configuration. If default (from Type0/0A/2-PDCCH CSS) is referring to the BD/CCE table 10.1-1, perhaps that can be explicitly captured in the proposal. 

	Huawei, HiSilicon
	The configuration of CCE AL should be up to gNB implementation. We agree with Samsung on this. 

	vivo
	We are fine with the Intel’s modification version of proposal 4.2-1. 

	Apple
	The proposal is not clear to us.
If peiSearchSpace points to a SS also used for other purposes (e.g., Type0/0A/2-PDCCH CSS), the question is whether we directly reuse the BD/AL configuration for that SS, or we put some upper limitation on what UE needs to decode for PEI.
If peiSearchSpace points to a SS not used for any other purpose (i.e., dedicated for PEI), the actual BD/AL is up to gNB configuration, and the question is also the upper limit.
So for the two cases, we think the issue is the same, i.e., defining the max limit of BDs for each AL.

	OPPO
	Support the proposal.

	TCL 
	The configuration of CCE AL should be up to gNB implementation. We agree with Samsung and Huawei 

	Nokia(1st round)
	To clarify, is the intention that AL and candidate numbers according to Table 10.1-1 in 38.213 would be supported, but leave the option for the network to further limit to sub-set of these? We are fine to align the AL/candidates with Type0/0A/2, but don’t see significant benefit for further restrictions.

	IDCC
	We are ok with this proposal.



For Q1, quoted below for ease of reference,
	Proposal 4.2-1: 
The aggregation levels and candidates of Type0/0A/2-PDCCH CSS are the default configuration for PEI monitoring. When dedicated ‘peiSearchSpace’ setting is applied, a subset of the aggregation levels and candidates can be optionally configured.


· Yes: Xiaomi, MTK, Nordic, Intel (w/o subset restriction), QC (w/o subset restriction), CMCC, ZTE (w/o subset restriction), LGE (w/o subset restriction), vivo (w/o subset restriction), OPPO, Nokia (w/o subset restriction), IDCC
· No: Samsung (SS configuration), CATT (no subset restriction), Ericsson (SS configuration), HW & HiSi (SS configuration), Apple (defining the max limit of BDs for each AL?), TCL, 

From the statistics, moderator will suggest reuse the aggregation levels and candidates of Type0/0A/2-PDCCH CSS for PEI:

Q2: What is your view(s)/suggested revision(s) to the following proposal?
Proposal 4.2-1 (r1): 
The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level for PEI PDCCH monitoring occasion are given as the following table:

	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1



Table 13: Companies’ answers for Q2
	Company
	Company views/suggested revisions

	Xiaomi
	Generally fine with the proposal.

	MediaTek
	While our preference is being able to configure less candidates, the proposal is a reasonable compromise that it also precludes a configuration with more candidates. In this regard, we can be fine with Proposal 4.2-1 (r1)

	vivo
	OK.

	LGE
	We support the proposal. 

	Nordic
	OK

	IDCC
	OK.

	Huawei, HiSilicon
	OK

	Panasonic
	Okay with us.

	Qualcomm
	Q2: We are generally ok with the proposal. But we would like to ask a question if the channel SNR can be low as some companies assumed for additional SSBs between PEI and PO, how network can guarantee PEI missed detection rate is substantially lower than paging PDCCH if PEI size is 32+6+4 as proposed in Q5 above Table 5? (In this case, both DCI formats need to be configured with the same AL 16). 

	CATT
	We don’t see the need of this agreement.  

	Ericsson2
	Q2 : OK to use these as upper limits, but actual BD/CCE should be left to configuration since the SearchSpace IE can be used to configure suitable BD/CCEs. 

From 38.213 : 
Table 10.1-1: CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for CSS sets configured by searchSpaceSIB1
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1




	Samsung 
	Q2: Ok.

	Intel
	OK

	ZTE, Sanechips
	Support.

	Apple2
	Q2: we also think this should be the upper limit, and the exact number of BDs (smaller than the upper limit) can be left to the search space configuration. This would be more aligned with the current framework.

	OPPO
	We are OK with the proposal.



After further discussion in the email thread titled “[107-e-NR-R17-PowSav-01] Email discussion regarding potential paging enhancements”, the following agreement is achieved:

Agreement
The CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for PEI PDCCH monitoring occasion are given as the following table. Actual aggregation levels and PDCCH candidates are provided by ‘peiSearchSpace’ configuration in SIB.
	CE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1





Other Remaining Issues

	Company
	Companies’ Views

	Huawei, HiSilicon
	Proposal 11: The agreements and progress in RedCap need to be carefully considered in PEI discussion to ensure PEI utilization on RedCap UE, as required by RedCap WID.


	ZTE, Sanechips
	

	vivo
	

	TCL 
	

	Spreadtrum 
	

	CATT
	

	OPPO
	

	Sony
	

	Intel 
	

	Xiaomi
	

	CMCC
	

	Transsion Holdings
	

	Panasonic
	

	Samsung
	

	Apple
	Proposal 9: Support separate PO configurations for UEs supporting sub-grouping and UEs not supporting sub-grouping.


	Lenovo, Motorola Mobility
	Proposal 1: Support a PEI search space configuration in an RRC release message for an inactive mode UE. 


	InterDigital
	

	LGE
	Proposal 9: The UE assumes that the same information on UE group/subgroup indication, SI change indication and ETWS/CMAS notification are repeated in all transmitted beams in a PEI occasion. 

Proposal 10: If the PEI convey availability indication only for the TRS/CSI-RS occasion(s) in the same beam direction, the UE assumes that the information on the TRS availability indication can be different in each transmitted beam in a PEI occasion.

If the PO configuration at the separate initial DL BWP is supported, how to configure the PEI occasion for the RedCap UEs should be discussed as well.

	NTT DOCOMO
	

	Ericsson
	[bookmark: _Toc87041030]Proposal 14 If PEI is supported/used by the cell, its configuration is provided via broadcast system information. The configuration is applicable to all POs of the cell for RRC Idle/Inactive UEs and may be updated through existing SI update mechanisms.
[bookmark: _Toc87041034]
Proposal 18 In case of collision with other activity, rendering the UE unable to perform PEI decoding (for example when entering the cell in-between the PEI and PO occasion), the UE shall for that PO fall back to regular PO monitoring as per legacy procedures. 
[bookmark: _Toc87041035]
Proposal 19 RAN1 to discuss other scenarios (e.g., fluctuating channel conditions) for which the UE falls back to regular PO reception as per legacy procedures. 

	Qualcomm 
	Proposal: To avoid UE blind detection of the PEI transmit power, network should configure the transmit power of the PEI or UE can assume a fixed power offset between the PEI and another signal, e.g., SSS on the same beam, paging PDCCH on the same beam. 

	MediaTek 
	

	Nokia
	Proposal: RAN1 discuss configuration of more than one PEI per PO to accommodate different device preferences.


	Nordic
	Proposal-4: Consider introducing wide-band PDCCH DMRS transmitted in an entire CORESET configured by SIB1 or MIB during PEI monitoring occasions to facilitate sequence-based detection of PEI presence and/or to facilitate PDCCH DMRS for consequent finer-synchronization.
· narrow-band precoding can be assumed in CORESET#0, i.e. no change from R15/R16.

Regarding RedCap issues, we believe that Redcap AI still needs to conclude first on where UE camps (which initial DL BWP/CORESET#0) in IDLE, depending on that we may need to revisit. For example, if RedCap UE is allowed to camp only on CORESET#0 by MIB, there should be no issues.

Regarding whether and how to support separate PO configuration, we believe it would be beneficial e.g. in case of PO determination would be different for R17 UEs supporting iTRS, as proposed in Proposal-3. 

Transmit power of PEI should be the same as for other CSS PDCCH.



[bookmark: _Ref68686484]


Summary
In the following, the achieved agreements are first summarized. Then the remaining issues are highlighted for calling companies’ contributions to RAN1 #107-bis-e.

Summarized agreements
	Agreement
For unlicensed operation,
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.
1. If X > 1, when the UE detects a PEI within its PEI-O, the UE is not required to monitor the subsequent monitoring occasion(s) associated with the same PEI-O
Note: The QCL reference is SSB

Agreement
Support mapping one PEI to POnumPerPEI PO(s) in one or multiple PF(s)
        POnumPerPEI is a factor of [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image036(11-18-20-31-35).png] (total PO number in a paging cycle) and configurable via SIB for the cell with the value range of {1, 2, 4, 8}
· The Maximum number of PF associated with one PEI is up to 2
        Note: Maximum number of paging indication bits in DCI format 2_7 can be kept the same for any configuration of POnumPerPEI, e.g., by applying a smaller subgroupsNumPerPO and a larger POnumPerPEI.
        Note: Larger value of POnumPerPEI can reduce the average PEI overhead per PO, but there can also cause potentially larger paging latency and larger UE power consumption due to longer UE wake-up time before PO monitoring, which can be significant with large value of (T/N).

Agreement
Confirm the following working assumption:
Working Assumption
1. The paging indication field of PEI DCI format comprises of POnumPerPEI segment(s) of K bit
3. K = 1, if [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image037(11-18-20-31-35).png] is absent or set to 0 or 1,
3. K = [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image037(11-18-20-31-35).png], if [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image038(11-18-20-31-35).png] is configured.
3. UE identifies its paging indication bit as follows:
2. Let [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image039(11-18-20-31-35).png] denote the relative PO index, with starting value of 0, among the POs associated with the PEI
0. [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image040(11-18-20-31-35).png] , where [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image041(11-18-20-31-35).png] are as defined in clause 7 of TS 38.304
2. [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image042(11-18-20-31-35).png] when K = 1 and UE is not provided a subgroup index
2. [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image043(11-18-20-31-35).png] when UE is provided a subgroup index
2. UE checks the corresponding paging indication from [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image044(11-18-20-31-35).png]-th bit of the paging indication field where the starting bit index is 0
1. If the corresponding paging indication value is set to ‘1’, it indicates the UE to monitor the PO
1. If the corresponding paging indication value is set to ‘0’, it indicates the UE is not required to monitor the PO

Agreement
For PEI DCI format, defined as DCI format 2_7,
1. Total number of bits for paging indication filed is POnumPerPEI, if [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image037(11-18-20-31-35).png] is absent or set to 0 or 1, and the number is [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image045(11-18-20-31-35).png], if [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image046(11-18-20-31-35).png] is configured.
3. For Rel-17, UE does not expect paging indication filed size is larger than the DCI payload size
1. Whether and how TRS availability indication field is included is up to Agenda Item 8.7.1.2
1. Support configurable DCI payload size which should be no larger than payload size of paging DCI
5. Unused bits, when applicable, are regarded as reserved bits
5. Note: A smaller payload size is beneficial for PEI detection performance

Agreement
1. Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
0. FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
0. FFS: The range of the symbol-level offset
1. Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.


Agreement
The CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for PEI PDCCH monitoring occasion are given as the following table. Actual aggregation levels and PDCCH candidates are provided by ‘peiSearchSpace’ configuration in SIB.
	CE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1



Agreement
‘peiSearchSpace’ can be configured to one of up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0




For RAN1 #107-bis-e, companies are welcomed to address at least the following issues:
· Whether and how a new RNTI for DCI format 2_7 is supported (including fixed or configurable)

· The ranges of the offsets for PEI-O location determination:
· PEI-F_offset
· firstPDCCH-MonitoringOccasionOfPEI-O

· Whether the following constraint is applied to UE monitoring of DCI format 2_7 (as paging DCI):
	If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config, and 
-	a SI-RNTI, a P-RNTI, a RA-RNTI, a MsgB-RNTI, a SFI-RNTI, an INT-RNTI, a TPC-PUSCH-RNTI, a TPC-PUCCH-RNTI, or a TPC-SRS-RNTI
then, for a RNTI from any of these RNTIs, the UE does not expect to process information from more than one DCI format with CRC scrambled with the RNTI per slot.


 
· Other remaining issues, e.g., 
· Those suggested by companies in Section 5 
· [bookmark: _GoBack]Cross-feature issues, including support of paging in separate BWP for REDCAP UEs
· (Other issue(s) identified)
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