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Introduction
A work item on UE Power Saving Enhancements for NR was approved in RAN#86 (Dec 2019, RP-193239), and the WID was further updated in RP-200938 (RAN#88, June 2020) [1]. One objective is about paging enhancements for idle/inactive-mode UEs:
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
In this contribution, we provide our views on the remaining design issues for paging enhancements.
Paging Early Indication Design
For PEI, PDCCH-based solution has been agreed in RAN#93-e.
· 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 

DCI format
A new DCI format has been agreed for 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

One issue that remains open is the maximum size for PEI DCI. During the link level performance evaluation, a smaller DCI size has been typically assumed for PEI in order not to adversely affect the paging reception performance. However, paging reception may or may not be an issue or the bottleneck depending on the particular deployment scenarios. So it can be beneficial to leave the flexibility to the gNB to configure the proper size. In any case, the max size should not be larger than the paging DCI size.
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.
It is also beneficial to be able to carry SI update/ETWS indication in the PEI to avoid unnecessary paging PDCCH/PDSCH decoding and the corresponding overhead is low (only 2 bits are needed).
As discussed in our companion contribution [2], PEI-based availability indication for TRS provides more efficient operation for both gNB and UE.
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.
PEI search space and monitoring occasions
On the determination of PEI search space and monitoring occasions, the following was agreed in RAN1#106b-e:
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

One open issue is whether to support one PEI indicating multiple POs across multiple PFs. According to the supported values for nAndPagingFrameOffset, the frequency of PFs can be in every 1/2/4/8/16 frames. High frequency of PFs would only be necessary if the paging load is extremely high, which should not be a typical case. For simplified design while still covering the more typical cases, we propose not to support one PEI indicating POs across PFs.
Proposal 4: Do not support one PEI indicating multiple POs across multiple PFs.

Among the alternatives to determine the MOs for PEI, it is preferred to reuse the mechanism for paging DCI. Alt. 2 aim to put PEI close to SSB. However, this can be achieved by proper configuration with Alt 1/3 also. Between Alt 1 and 3, they are very similar from function point of view, with the main difference being the reference time definition. We think a more straightforward way is to define an offset w.r.t. the first MO of the target PO in unit of symbols, which determines the first MO for PEI. Note that the PF of the target PO is not a good reference point, because the first MO of the target PO can be far from the start of the PF in time. In this case, if we use a negative offset w.r.t. the PF, the PEI would be too far from the PO reception.
In terms of how to support the mapping of one PEI to multiple POs within a PF, a simple way is to indicate the number of POs corresponding to one PEI, and separate offset can be indicated for each PEI location, with the reference point being the first MO of the first PO indicated by the PEI.
Proposal 5: The number of POs corresponding to one PEI ({1, 2, 4}) is indicated to the UEs. 
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.

Regarding the reuse of SSS#0 for PEI, a concern was raised for some configurations where the MO is before the corresponding SSB for some SSB indices. One such example with multiplexing pattern 1 is captured in [3], as shown in Figure 1. This would mean that a UE needs to wake up one SSB periodicity earlier to perform AGC/synchronization first, which is not friendly for UE power saving. It could be argued that a similar issue also exists for paging DCI, but here we are trying to improve UE power consumption, so it is important that we aim to maximize the UE power saving potential when configuring the PEI search space. With this consideration, it is preferable to exclude such unfriendly SSS#0 configurations for PEI. Among all the SSS#0 configurations for multiplexing pattern 1 (as shown in the appendix), only offset O=0 causes such an issue. After excluding the configurations with O=0, the gNB still has quite some flexibility in the configurations without affecting the system performance.
[image: cid:image007.png@01D7C1B0.C7563700]
Figure 1 Example of SSS#0 Configuration
For multiplexing pattern 2 and 3, SSS#0 and SSB are FDMed, which is also very challenging for the UE to use SSB before PEI decoding. From UE power saving perspective, it would be good to avoid such configurations. On the other hand, as the number of beams increases in FR2, beam-sweeping transmission for PEI can also be quite expensive from network perspective. It can be further discussed whether to allow such configurations for PEI.
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.
Lastly, regarding the number of PDCCH candidates, we propose:
Proposal 8: The maximum number of PDCCH candidates for PEI is 	4, 2 and 1 for AL 4, 8 and 16, respectively.

PO configuration
If we follow the legacy approach to determine a UE’s PO, it is natural that in each PO we will see a mix of legacy UEs and new UEs. This works but we think there is some benefit to support separate POs for legacy UEs and new UEs. It means that in each PO, there are only legacy UEs or only new UEs. The potential advantages include:
· If we consider the support of sub-grouping, the idea is that we can have a high group paging rate but a much lower sub-group paging rate, so that each UE belonging to a certain sub-group needs to wake up only when the sub-group is paged. However, if a PO has a mix of legacy and new UEs, even though the new UEs has a reduced sub-group paging rate, the legacy UEs still need to receive the paging PDSCH according to the much higher group paging rate, which results in more power consumption for the legacy UEs. If we allow the legacy and new UEs to be separated, the sub-grouping feature can be fully utilized for the new UEs, without any negative impact on the legacy UEs.
· If a PO has legacy UEs only, there is no need for a network to transmit PEI. This is in contrast to the case where each PO has a mix of legacy and new UEs, and PEI always needs to be transmitted. This further reduces the unnecessary overhead.
This can be achieved by providing separate parameters for the number of paging frames and offset for the new UEs.
Proposal 9: Support separate PO configurations for UEs supporting sub-grouping and UEs not supporting sub-grouping.
Conclusion
In this contribution, we evaluated the power saving gain for different paging enhancements, and made the following observations and proposal:
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.
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. 
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.
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.
Lastly, regarding the number of PDCCH candidates, we propose:
Proposal 8: The maximum number of PDCCH candidates for PEI is 	4, 2 and 1 for AL 4, 8 and 16, respectively.
Proposal 9: Support separate PO configurations for UEs supporting sub-grouping and UEs not supporting sub-grouping.
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Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR1
	Index
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	2
	2
	1
	1
	0

	3
	2
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	6
	7
	1
	1
	0

	7
	7
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	8
	0
	1
	2
	0

	9
	5
	1
	2
	0

	10
	0
	1
	1
	1

	11
	0
	1
	1
	2

	12
	2
	1
	1
	1

	13
	2
	1
	1
	2

	14
	5
	1
	1
	1

	15
	5
	1
	1
	2



Table 13-12: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR2
	Index
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	2
	2.5 
	1
	1
	0

	3
	2.5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	6
	0
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	7
	2.5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	8
	5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	9
	7.5
	1
	1
	 0

	10
	7.5
	2
	1/2
	 {0, if [image: ] is even}, {7, if [image: ] is odd}

	11
	7.5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved
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