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1. Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN plenary #93e [1], the following agreement is made for paging enhancements:
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Agreement
· 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
[bookmark: _Hlk83662886]•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 


In this contribution, sub-grouping indication and detail PEI design and RRC parameters for PEI have been discussed. 
2. Sub-grouping indication
	Agreement: (RAN1 #105e)
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.

Agreement: (RAN1 #105e)
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO
0. Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs
1. For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
2. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. FFS: Design details for the orthogonal cover
2. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
2. Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
2. Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
1. Note: It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span



[bookmark: OLE_LINK8][bookmark: OLE_LINK9]In RAN1 #105e, the above agreements have been approved. However, it belongs to RAN2 scope to discuss whether and how to configure the subgroup number for UE. For example, there can be two approaches for sub-grouping configuration, i.e., by CN or by SIB message. If configured by CN, the number of subgroup should be fixed to eight (the maximum subgroup number).  And if configured by SIB message, the number of subgroup can be configurable (i.e., unfixed subgroup number). Moreover, RAN1 should further discuss the sub-grouping mapping method i.e., bitmap or codepoint. If codepoint-based mapping manner is adopted, how to map to the subgroups in a PO should be discussed. And the mapping configuration can be implemented by two ways, one is to configure by specification, the other is to broadcaste by SIB meassge. Besides, for the sub-grouping mapping and indication, the payload of the DCI carrying subgroup-based PEI needs to be considered conjunctively. Hence, there could be some potential options for both DCI payload and sub-grouping mapping as given below.
Observation 1: The potential options for both DCI payload for carrying subgroup-based PEI and sub-grouping mapping as given below.
· [bookmark: OLE_LINK10]Option 1: the DCI payload for carrying subgroup-based PEI is determined by maximum number of subgroups 
· 1-1: bitmap: 8 bits
· 1-2: codepoint: support 2^8 codepoints
· Option 2: the DCI payload for carrying subgroup-based PEI is determined by configurable number of subgroups (e.g., X subgroups, X<=8)
· 2-1: bitmap: X bits
· 2-2: codepoint: support 2^X codepoints
· Option 3: the DCI payload for carrying subgroup-based PEI is fixed to Y bits
· 3-1: bitmap: support to indicate W subgroups, which W<=Y
· 3-2: codepoint: mapping the maximum or configurable number of subgroups to Y bits
Since a new DCI format for PEI is endorsed by RAN plenary, there is at least 12 bit can be used. However, there are two crucial aspects related to the DCI payload which should be carefully considered:
· The payload of the DCI carriying PEI may be used for both subgroup-based PEI and TRS avalibility indication if TRS avalibility indication carried by PEI is agreed. 
· There is still possibility to support the sub-grouping indication carried by paging PDCCH, which has not yet been decided by RAN2. If sub-grouping indication carried by paging PDCCH is agreed to be supported, same mechanism/principle of sub-grouping mapping/indication should be adopted for PEI and paging PDCCH. However, there are limit reserved bits in paging PDCCH which can be adopted for sub-grouping indication purpose. Hence, compared to bitmap-based mapping which consumes at most 8 bits, codepoint-based mapping approach can compress it to several bits, e.g., 3-4bits.
In accordance with the above considerations, the codepoint-based mapping approach will be more applicable and extensible for subgroup-based PEI.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Observation 2: Codepoint-based mapping approach will be more applicable for subgroup-based PEI, with the following considerations.
· The payload of the DCI carrying PEI may also need to be used for TRS availability indication. 
· For the sake of progress, if sub-grouping indication carried by paging PDCCH is agreed to be supported, same mechanism/principle of sub-grouping mapping/indication should be adopted for PEI and paging PDCCH. However, there are limit reserved bits in paging PDCCH which can be adopted for sub-grouping indication purpose.
For codepoint-based mapping method, the UE grouping method specified for Rel-16 NB-IoT Group WUS need to be considered by us. One is the sub-group specific codepoint, which is linked to one UE sub-group. The other one additional codepoint aims to wake up all the UE sub-groups for this PO, named as wake-up “common codepoint” in this contribution. Additionally, since the DCI for PEI may also carry the TRS availability indication, it may also need another common codepoint to indicate all subgroup UEs that there is no paging PDCCH. For an instance, assuming four sub-groups associated with one PO, there will be totally five or six candidate codepoints, of which four sub-group specific codepoints and one or two common codepoints. And each UE belongs to only one of the sub-groups. If a UE receives the wake-up common codepoint or the sub-group specific codepoint indicating the sub-group of this UE, then the UE needs to monitor its paging PDCCH. Otherwise, the UE will skip the corresponding paging PDCCH and PDSCH. 
[bookmark: _Hlk71208804]Table 1 shows a typical example of the grouping method adopted in Rel-16 NB-IoT when per PO paging rate is assumed as 10%. The per sub-group paging rate Y can be calculated according to Taylor Expansion i.e., 1- (1-Y) N=X, assuming the number of paging group is N, per PO paging rate is X. Taken sub-groups = 8 as an example, codepoint 0 is the wake-up common codepoint, and codepoint 1 to codepoint 8 are sub-group specific codepoints linked to different sub-groups. Codepoint 9 represents the case that all the subgroups’ UE need no paging PDCCH reception. Whether we need codepoint 9 should depend on if TRS availability indication carried by PEI is adopted or not. When TRS availability indication carried by PEI is adopted, codepoint 9 is required as another common codepoint. The probability that no less than two sub-groups need to be woke up is only 0.0046 and the additional false alarm rate (FAR) caused by the wake-up common codepoint is marginal i.e., about 0.34%.
Table 1: Codepoint-based subgroup method adopted in Rel-16 NB-IoT.
	Characteristics for different cases
	Codepoint index
	Description
	Probability

	>= 2 sub-groups need to be woke up
	0
	The wake-up common codepoint
	0.0046

	Only to wake up sub-group 1
	1
	The specific codepoint for sub-group 1 
	0.0119

	Only to wake up sub-group 2
	2
	The specific codepoint for sub-group 2
	0.0119

	Only to wake up sub-group 3
	3
	The specific codepoint for sub-group 3
	0.0119

	Only to wake up sub-group 4
	4
	The specific codepoint for sub-group 4
	0.0119

	Only to wake up sub-group 5
	5
	The specific codepoint for sub-group 5
	0.0119

	Only to wake up sub-group 6
	6
	The specific codepoint for sub-group 6
	0.0119

	Only to wake up sub-group 7
	7
	The specific codepoint for sub-group 7
	0.0119

	Only to wake up sub-group 8
	8
	The specific codepoint for sub-group 8
	0.0119

	All sub-groups go to sleep
	9
	Another common codepoint
	0.9
(1 - per PO paging rate)



[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Observation 3: Sub-grouping method introduced in Rel-16 NB-IoT can be adopted by defining one or two “common codepoint” representing the cases that no less than two sub-groups need to be paged and all subgroups need no paging reception, respectively.
Observation 4: The additional false alarm rate and power consumption caused by the common codepoint is marginal. 
Proposal 1: Adopt the codepoint-based sub-grouping mapping method introduced in Rel-16 NB-IoT as described in Table 1 as start point. With this method, a UE will be paged when detecting one of the following two codepoints. Otherwise, the UE will not be paged.
· The sub-group specific codepoint, to indicate only the sub-group which the UE belongs to receive paging, and
· The wake-up common codepoint, to indicate all sub-groups to receive paging when no less than two sub-groups need to be waked up.
3. [bookmark: _Ref498564494][bookmark: _Hlk521582650]Design for PDCCH-based PEI
3.1. PDCCH related design for PEI
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]As per the RAN plenary agreement, it is clear that a new DCI format is required for PDCCH-based PEI. Hence, a new RNTI for scrambling the PDCCH-based PEI is well deserved. Besides, as evaluated in section 4.1 of our contribution [2], to obtain better PDCCH-based PEI performance, it is preferred to limit the DCI size for PEI. And the minimum DCI size should be 12bits. In current mechanism, an idle/inactive UE only needs to decoding one DCI size, i.e. DCI 1-0/0-0 size, which is typically around 40bits. If a new DCI size is configured for DCI-based PEI, although UE detection complexity in idle/inactive mode may increase, it will never be UE’s challenge since a UE can indeed detect no more than four different DCI sizes (In IDLE/INACTIVE state, not all the 4 DCI sizes have to be detected). However, if the DCI size of DCI-based PEI is aligned with DCI format 1-0/0-0, it will obviously degrade the reliability of PEI detection and paging reception is affected indirectly.
In addition, CORESET#0 or a common CORESET (configured by PDCCH-ConfigCommon) can be used for PDCCH-based PEI delivery. 
Proposal 2: A new RNTI for scrambling the PDCCH-based PEI is needed.
Proposal 3: The DCI size of the DCI format for PEI should be limited e.g., 12bits in order not to degrade the PEI detection performance.
Regarding search space (SS) set for PDCCH-based PEI, there will be two alternatives as follow:
· Alt-1: Legacy CSS set
· Type 2 CSS set (paging CSS set)
· Type 0 CSS set (SIB1 CSS set)
· Type 0A CSS set (other SIB CSS set)
· Type 1 CSS set (RAR CSS set)
· Alt-2: New CSS set
With respect to PDCCH-based PEI, there is no need to define a new dedicated CSS set for it given the reason that no monitoring configuration are specifically required by PEI monitoring. Additionally, sharing with the legacy CSS set for PDCCH-based PEI monitoring can already work well without occupying another SS set ID, which can also avoid additional resource overhead and unnecessary specification work. In light of the fact that there are only two e-meetings left, it will be much reasonable to select Alt-2 as the SS for PDCCH-based PEI for the sake of progress. However, despite legacy CSS set can be recognized as the SS of PDCCH-based PEI, a restriction is still required aiming to inform UE how and when to do PEI monitoring. Leveraging the following discussion on the offset(s) between PEI and its associated PO, it would be feasible for a UE to monitor the PEI occasions within the PEI window (formed by the maximum and/or minimum offsets between PEI and its associated PO).
Regarding the shared legacy CSS set for PEI, Type 2 CSS set (paging CSS) will be more suitable considering the similar characteristics of periodicity and monitoring manner for paging PDCCH and PEI. For example, the same beam operations may be required for monitoring PEI occasion(s) and the associated paging occasion(s). 
[bookmark: _Hlk83546450]Proposal 4: Reuse the legacy paging CSS (i.e., Type 2 CSS set) for PDCCH-based PEI.
[bookmark: _Hlk83634827][bookmark: OLE_LINK19]Proposal 5: Define a restriction for PEI monitoring i.e., a UE can only monitor the PEI occasion(s) within the PEI window (formed by the maximum and/or minimum offsets between PEI and the associated PO).
3.2. Configuration for PEI occasion
· The offset(s) between PEI and the associated PO 


Figure 1: The configuration for PEI occasion.
Regarding the configuration of PEI occasion, the gap between PEI and the first indicated PO should be considered to contain M SSB burst(s) for the purpose of doing some preparation work before PO reception. As shown in Figure 1, the minimum offset/gap between the end of PEI monitoring and the start of PO reception needs to contain one or two residual SSB burst(s) before PO reception for T/F tracing and/or RRM measurement purpose, once PEI indicates UE to do paging reception. 
Besides, as we mentioned before, there could be multiple PEI occasions for the purposes of multiple beam transmission purpose and reducing the PEI miss detection rate. Hence, a maximum offset between PEI and associated PO need to be defined, which is similar as the higher layer parameter ps-Offset-r16 configured for DCI format 2-6 monitoring in RRC connected mode. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK5]Proposal 6: The configuration of PEI occasion should satisfy that the minimum gap between the end of PEI monitoring and the start of PO reception contains M SSB bursts, where the value of M can be 1, 2, 3 etc.
Proposal 7: The maximum offset between the starts of PEI monitoring and PO also needs to be defined.
· Mulitple beam operations for PEI
In idle/inactive mode, before RACH process, signal/channels should be transmitted repeatedly by using a set of Tx beams since the network does not yet determine the optimal Tx/Rx beam for a certain UE. For example, a PO reception contains multiple paging PDCCH monitoring occasions (MO) and each of occasions associates with one SSB. Same as aforementioned signal/channels, PEI also has to be transmitted over N>=1 occasion(s) so as to the multiple beam operations of PEI. 
In addition, since PEI is intended to indicate whether do PO reception, there is indeed a strong association between PEI and PO. The association can be extendedly embodied in the same multiple beam operations for PEI and PO, which means the following:
· Each PEI MO can be associated with corresponding one paging PDCCH MO of the target PO reception. 
· The same UE reception implementation for PEI and PO e.g., UE receives the PO MO having the same MO index as the received PEI MO.
Figure 2 illustrates an example of the monitoring occasion mapping between PEI and paging PDCCH. Moreover, this is one of the reasons for why we propose to reuse the legacy paging CSS (Type 2 CSS set) for PDCCH-based PEI. Besides, in multiple beam operations, a UE should assume that the same PEI content are repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the PEI is up to UE implementation.


Figure 2: Illustration of multi-beam operations for PEI
Proposal 8:  Support N>=1 PEI monitoring occasions for one PEI transmission/reception, and PEI have the same multiple beam operations as the associated paging PDCCH.
Proposal 9:  In multiple beam operations, a UE does not expect to receiver different PEI content in different transmitted beams.
· Mapping between PEI and PO
As per the agreement endorsed in RAN plenary #93, only one-to-one mapping between PEI and PO is supported and one-to-multiple mapping between PEI and PO should be precluded since it is not a essential function for PEI.
[bookmark: OLE_LINK1]Proposal 10: One-to-one mapping between PEI and PO is supported, and one-to-multiple mapping between PEI and PO should be precluded.
4. Clarification for Behavior A
	Agreements: (RAN1 #104e)
For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, the following are assumed:
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· [bookmark: _Hlk83569603][bookmark: OLE_LINK13][bookmark: OLE_LINK14]UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO



Only Behavior A agreed in RAN1 #104e has been endorsed in RAN plenary #93. And the detail description for Behavior A are provided as above. However, regarding the second sub-bullet “UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO”, there could be two different UE behaviors as follow.
· [bookmark: _Hlk83569850]Beh 1: UE will always detect all the PEI occasion(s) configured by the network without considering the selection of the beam(s) for the reception of PEI and the associated PO.
· Beh 2: UE will detect the PEI occasion(s) corresponding to the monitored paging PDCCH occasion(s) for the associated PO. 
[bookmark: _Hlk83907584]For Beh 2, whether the UE detects all the configured PEI occasion(s) or not will be up to implementation, which is similar to the current PO reception mechanism (i.e., the selection of the beam(s) for the reception of the paging message and Short Message is up to UE implementation.)
To illustrate this, a UE is configured with eight PEI occasions and each of them corresponds to one SSB in the SSB burst. By means of RRM measurement, the UE will obtain the optimal SINR quality by receiving the data via SSB index 2 and 3. However, if Beh 1 is adopted, UE must detect all eight PEI occasions (i.e., corresponding to SSB index 1~8) within every PEI monitoring window, even some of the PEI occasions have very poor SINR quality. Thus, unnecessary power consumption is caused. And the power consumption will become heavier as the number of PEI occasions increases. By adopting Beh 1, NO power saving gain will be achieved in some cases such as in high SINR case. Obviously, it is an unreasonable assumption for PEI reception and this is also a departure from the objective of R17 power saving WI. To this end, Beh 2 should be adopted, given the fact that it is sufficient to do PEI detection by only receiving the two PEI occasions corresponding to SSB index 2 and 3. Besides, the same UE implementation need to be assumed for PO reception i.e., UE detects two paging PDCCH occasions associated with SSB index 2 and 3.
Proposal 11: UE will detect the PEI occasion(s) corresponding to the monitored paging PDCCH occasion(s) for the associated PO.
· Note for Behavior A: UE is not required to detect all the configured PEI occasion(s) and it can detect the PEI occasion(s) corresponding to the monitored paging PDCCH occasion(s) for the associated PO i.e., the same UE implementation can be assumed for PEI and the associated PO receptions. 
5. Other functionalities in DCI format for PEI
· TRS availability indication
In line with the agreement made in RAN plenary #93, 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. As discussed in our companion paper [5], the availability indication for TRS/CSI-RS can also be transmitted in PEI (i.e., DCI format for PEI), if configured. However, what we need to emphasized is that PEI for paging reception and TRS/CSI-RS are decoupled features for UE power saving, if the support/configuration for PEI is the precondition for the availability indication for TRS/CSI-RS, which means TRS/CSI-RS availability cannot be indicated when PEI is not configured. For an instance, some R17 UE may not support PEI feature, but it has the capability of supporting TRS/CSI-RS feature, thus TRS/CSI-RS availability indication carried by PEI is inflexible and restricted for some cases. 
Proposal 12: TRS/CSI-RS availability indication through PEI is not unified solution since PEI and TRS/CSI-RS for idle/inactive UEs are decoupled features for UE power saving.
In spite of TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI, we still need to consider the possibility of TRS availability indication delivered in PEI with this guidance, rather than give up it absolutely. Hence, the design of DCI format for PEI may also need to consider TRS availability indication.
Proposal 13: The design of DCI format for PEI may also need to consider TRS availability indication.
· SI update indication
As per the agreement endorsed in RAN plenary #93, SI update indication delievered in PEI should be precluded since it is not a essential function for PEI.
[bookmark: _GoBack]Proposal 14: SI update indication delievered in PEI should be precluded.
6. [bookmark: _Ref83915148]RRC parameters for PEI in paging enhancement
	WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parant IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment

	8.7.1.1 Paging Enh.

	NR_UE_pow_sav_enh
	Paging enhancement
	38.213
	　
	　
	　
	[bookmark: _Hlk83653008]subgroupsNumPerPO
	new
	　
	Number of subgroups per PO for UE to read subgroups indication from physical-layer singling
	TBD with maximum of 8 
	　
	per cell
	cell-specifc
	　
	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NR_UE_pow_sav_enh
	Paging enhancement
	38.213
	
	
	
	PEI-RNTI
	new
	
	PEI RNTI used for CRC scrambling of PDCCH-based PEI signal/channel
	RNTI-value
	
	per cell
	cell-specifc
	
	TBD

	NR_UE_pow_sav_enh
	Paging enhancement
	38.213
	
	
	
	Maximum_PEItoPO_offset
	new
	
	The starting searching time of DCI format for PEI with CRC scrambled by PEI-RNTI relative to the start of the associated PO
	Larger than the minimum offset between PEI and the associated PO, and TBD the upper bound value
	
	per cell
	cell-specifc
	
	TBD

	NR_UE_pow_sav_enh
	Paging enhancement
	38.213
	
	
	
	[bookmark: _Hlk83657686]Minimum_PEItoPO_offset
	new
	
	The ending searching time of DCI format for PEI with CRC scrambled by PEI-RNTI relative to the start of the associated PO
	The minimum offset between PEI and the associated PO should contains number of SSB bursts e.g., [1 2 3] SSB bursts
	
	per cell
	cell-specifc
	
	TBD

	NR_UE_pow_sav_enh
	Paging enhancement
	"38.212
38.213"
	
	
	
	SizeDCI_2-7
	Extension of Rel-16
	
	Size of the DCI format 2_7
	0– maxSizeDCI_2-7

Note: TBD for maxSizeDCI_2-7

	
	Per cell
	cell-specifc
	
	TBD

	NR_UE_pow_sav_enh
	Paging enhancement
	"38.212
38.213"
	
	
	
	TRSavailabilityindicationPositionDCI2-7
	Extension of Rel-16
	
	Starting position of TRS availability indication in the DCI format 2_7
	[bookmark: _Hlk83663262]0 – maxDCIsize_2-7 - 1
	
	Per cell
	cell-specifc
	
	TBD



As discussed in [3], an initial list of RRC parameters for R17 WI UE power saving enhancements for NR is provided, and RRC parameter for subgroupsNumPerPO has been discussed. Besides, as per the guidance of PEI agreed in RAN plenary #93, the related RRC parameters for PEI design should be continuously discussed by companies. 
As given the listed above, a PEI dedicated RNTI should be configured, which can be tentatively termed as PEI-RNTI. Regarding PEI monitoring, the minimum offset between PEI and PO should be configued as an RRC parameter Minimum_PEItoPO_offset as we analyzed in section 3.2. And the maximum offset between PEI and PO could also be considered as another RRC parameter Maximum_PEItoPO_offset to restrict the monitoring for PEI occasions for the purpose of power saving. In our view, the unit of the Minimum_PEItoPO_offset could be the number of SSB burst contained in the gap. And the upper bound value of Maximum_PEItoPO_offset can be further finalized by company’s discussion. 
In the list, the so-called DCI format 2-7 denotes the new DCI format of PEI. The maxSizeDCI_2-7 of DCI format 2-7 should be limited e.g., 12bits for the purpose of guaranteeing the PEI detection performance as elaborated in section 3.1. Regarding the starting position of PEI for a certain subgroup linked with a group of UEs, it can be implicitly confirmed by using UE-ID or by using the subgroup ID assigned by CN, in line with the two subgrouping methods agreed in RAN2. Hence, may no RRC parameter is needed for configuring the starting position for a subgroup. Moreover, despite TRS availability indication shall not delay the completion of essential functionality of PEI, we might still need to discuss the related RRC parameter in case that TRS availability indication is supported by RAN1. The TRSavailabilityindicationPositionDCI2-7 represents the starting position of TRS availability indication in the DCI format 2-7. And the value range of it can be 0 – maxDCIsize_2-7 - 1.
Proposal 15: Consider the RRC parameters list given in section 6 for paging enhancement as a starting point.
7. Conclusion
In this contribution, sub-grouping indication, detail PEI design and RRC parameters for PEI have been discussed concluded with the following observations and proposals.
Observation 1: The potential options for both DCI payload for carrying subgroup-based PEI and sub-grouping mapping as given below.
· Option 1: the DCI payload for carrying subgroup-based PEI is determined by maximum number of subgroups 
· 1-1: bitmap: 8 bits
· 1-2: codepoint: support 2^8 codepoints
· Option 2: the DCI payload for carrying subgroup-based PEI is determined by configurable number of subgroups (e.g., X subgroups, X<=8)
· 2-1: bitmap: X bits
· 2-2: codepoint: support 2^X codepoints
· Option 3: the DCI payload for carrying subgroup-based PEI is fixed to Y bits
· 3-1: bitmap: support to indicate W subgroups, which W<=Y
· 3-2: codepoint: mapping the maximum or configurable number of subgroups to Y bits
Observation 2: Codepoint-based mapping approach will be more applicable for subgroup-based PEI, with the following considerations.
· The payload of the DCI carrying PEI may also need to be used for TRS availability indication. 
· For the sake of progress, if sub-grouping indication carried by paging PDCCH is agreed to be supported, same mechanism/principle of sub-grouping mapping/indication should be adopted for PEI and paging PDCCH. However, there are limit reserved bits in paging PDCCH which can be adopted for sub-grouping indication purpose.
Observation 3: Sub-grouping method introduced in Rel-16 NB-IoT can be adopted by defining one or two “common codepoint” representing the cases that no less than two sub-groups need to be paged and all subgroups need no paging reception, respectively.
Observation 4: The additional false alarm rate and power consumption caused by the common codepoint is marginal. 
Proposal 1: Adopt the codepoint-based sub-grouping mapping method introduced in Rel-16 NB-IoT as described in Table 1 as start point. With this method, a UE will be paged when detecting one of the following two codepoints. Otherwise, the UE will not be paged.
· The sub-group specific codepoint, to indicate only the sub-group which the UE belongs to receive paging, and
· The wake-up common codepoint, to indicate all sub-groups to receive paging when no less than two sub-groups need to be waked up.
Proposal 2: A new RNTI for scrambling the PDCCH-based PEI is needed.
Proposal 3: The DCI size of the DCI format for PEI should be limited e.g., 12bits in order not to degrade the PEI detection performance.
Proposal 4: Reuse the legacy paging CSS (i.e., Type 2 CSS set) for PDCCH-based PEI.
Proposal 5: Define a restriction for PEI monitoring i.e., a UE can only monitor the PEI occasion(s) within the PEI window (formed by the maximum and/or minimum offsets between PEI and the associated PO).
Proposal 6: The configuration of PEI occasion should satisfy that the minimum gap between the end of PEI monitoring and the start of PO reception contains M SSB bursts, where the value of M can be 1, 2, 3 etc.
Proposal 7: The maximum offset between the starts of PEI monitoring and PO also needs to be defined.
Proposal 8:  Support N>=1 PEI monitoring occasions for one PEI transmission/reception, and PEI have the same multiple beam operations as the associated paging PDCCH.
Proposal 9:  In multiple beam operations, a UE does not expect to receiver different PEI content in different transmitted beams.
Proposal 10: One-to-one mapping between PEI and PO is supported, and one-to-multiple mapping between PEI and PO should be precluded.
Proposal 11: UE will detect the PEI occasion(s) corresponding to the monitored paging PDCCH occasion(s) for the associated PO.
· Note for Behavior A: UE is not required to detect all the configured PEI occasion(s) and it can detect the PEI occasion(s) corresponding to the monitored paging PDCCH occasion(s) for the associated PO i.e., the same UE implementation can be assumed for PEI and the associated PO receptions. 
Proposal 12: TRS/CSI-RS availability indication through PEI is not unified solution since PEI and TRS/CSI-RS for idle/inactive UEs are decoupled features for UE power saving.
Proposal 13: The design of DCI format for PEI may also need to consider TRS availability indication.
Proposal 14: SI update indication delievered in PEI should be precluded.
Proposal 15: Consider the RRC parameters list given in section 6 for paging enhancement as a starting point.
References
[1] RP-212611, “Moderator’s summary for discussion [93e-18-PowSav-WI]: Final Round”, RAN #93-e, Moderator (CMCC).
[2] R1-2106011, “Paging enhancements for idle/inactive mode UE power saving”, RAN1 #105e, vivo.
[3] R1-2108683, “[Post-106-e-Rel17-RRC-07] Summary of email discussion on RRC parameters for UE Power Saving Enhancements”, RAN1 #106-e, MediaTek Inc.
image2.emf
PEI

MO4

PEI

MO3

PEI

MO2

PEI

MO1

PO

MO4

PO

MO3

PO

MO2

PO

MO1

Association between PEI and PO

One PEI transmission/reception One PO transmission/reception


Microsoft_Visio_Drawing1.vsdx
PEI
MO4
PEI
MO3
PEI
MO2
PEI
MO1
PO
MO4
PO
MO3
PO
MO2
PO
MO1
Association between PEI and PO
One PEI transmission/reception
One PO transmission/reception



image1.emf
SSB

burst

the minimum gap/offset

SSB

burst

PEI

PEI PEI PEI

ą

PEI monitoring window

Ć

PO

PO PO PO


Microsoft_Visio_Drawing.vsdx
SSB
burst
the minimum gap/offset
SSB
burst
PEI
PEI
PEI
PEI
the maximum offset
‘PEI monitoring window’
PO
PO
PO
PO



