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Introduction
The work item on UE Power Saving Enhancements for NR (RP-200938 [1]) was completed in RAN1#107-e, and the paging enhancements include paging early indication (PEI) and subgroup indication have been specified. In this contribution, we discuss some remaining issues.
PEI-to-PO mapping
PEI-to-PO mapping was agreed in RAN1#107-e, and there was further clarification discussion in RAN1#107b-e regarding the details.
Agreement
Confirm the following working assumption:
Working Assumption
· The paging indication field of PEI DCI format comprises of POnumPerPEI segment(s) of K bit
· K = 1, if [image: ] is absent or set to 0 or 1,
· K = [image: ], if [image: ] is configured.
· UE identifies its paging indication bit as follows:
· Let [image: ] denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· [image: ] , where [image: ] are as defined in clause 7 of TS 38.304
· [image: ] when K = 1 and UE is not provided a subgroup index
· [image: ] when UE is provided a subgroup index
· UE checks the corresponding paging indication from [image: ]-th bit of the paging indication field where the starting bit index is 0
· If the corresponding paging indication value is set to ‘1’, it indicates the UE to monitor the PO
· If the corresponding paging indication value is set to ‘0’, it indicates the UE is not required to monitor the PO

Agreement
If one PEI-O is associated with POs of 2 PFs,
· The two PFs are consecutive PFs configured in SIB
· FFS: two PFs are consecutive PFs within the same paging cycle
· Note: As an example, SFN of the first PF of the PF(s) associated with the PEI-O can be obtained by: (SFN of UE’s PF) - 

On the FFS regarding whether the two PFs mapping to the same PEI are within the same paging cycle or not, our understanding is that the two PFs have to be in the same paging cycle, which is the only way to be consistent with the agreed formula for iPO. There was also the question whether T here represents the default paging cycle or UE’s paging cycle. In fact it does not matter because N is configured as one of {T, T/2, T/4, T/8, T/16}, so T/N is always the same regardless of which T we use.
Proposal 1: If one PEI-O is associated with POs of 2 PFs, the two PFs are consecutive PFs within the same paging cycle.
· It is up to RAN2 how to capture it in TS 38.304.
UEs without subgrouping
The PEI field is defined as follows:
Agreement
For PEI DCI format, defined as DCI format 2_7,
· Total number of bits for paging indication filed is POnumPerPEI, if [image: ] is absent or set to 0 or 1, and the number is [image: ], if [image: ] is configured.
· For Rel-17, UE does not expect paging indication filed size is larger than the DCI payload size

It includes one bit for each subgroup in a PO. This implies that all the UEs monitoring PEI have a corresponding subgroup. However, this may not be true due to the following reasons:
· The UE features for subgrouping are not finalized in RAN2 yet. It is not necessarily true that all the UEs supporting PEI also support subgrouping.
· Even if any UE supporting PEI also supports subgrouping, gNB may still have the flexibility on whether to configure subgrouping or not.
To address the issue, we either need to make sure that all the UEs monitoring PEI also have subgrouping configured, or need to define behaviors for UEs not configured with subgrouping.
If we want to leave more flexibility either to the UE (whether to implement subgrouping or not) or the network (whether to always configure subgrouping), UE behavior when not configured with subgrouping should be defined. There are different ways to define UE behaviors, for example,
· Alt 1: Add a separate bit in the PEI field for UEs not configured with subgrouping.
· This would require modification of the previous agreement.
· Alt 2: UEs not configured with subgrouping share the same bit as e.g. the first or last subgroup.
· This effectively creates a larger subgroup and causes more unnecessary wakeup for the UEs sharing the same bit.
· To avoid/alleviate this issue, 
· for CN-assigned subgrouping, the network can, by implementation, avoid assigning this subgroup ID to other UEs.
· To support a similar mechanism for UE_ID-based subgrouping, we can define a separate parameter for UE to calculate the subgroup ID. For example, we can have 8 bits in PEI, but signal UE a total of 7 subgroups to derive subgroup ID. Then the extra bit can be used for UEs without subgrouping.
· This effectively puts UEs without subgrouping into a separate pool, which creates a “virtual” subgroup for these UEs. This achieves similar effect as Alt 1, without the need to change the existing agreements.
· Alt 3 (proposed by Moderator in RAN1#107b-e): when 2 <= subgroupNumPerPO <= 8 is configured by network but UE is not explicitly or implicitly indicated a subgroup index, UE is required to monitor PO.
During the RAN1#107b-e discussion, a few companies were questioning whether such cases would occur. As explained above, as of today (with the current RAN1/RAN2 agreements), such cases could occur. Whether RAN1 defines UE behaviors for such cases can affect further discussion in RAN2. For example, if RAN1 does not define such UE behaviors, RAN2 would need to make sure that all the UEs monitoring PEI also have subgrouping configured; otherwise RAN2 does not need to introduce such restriction. 
Since most companies preferred not to define UE behaviors for such cases, we could take a working assumption and send an LS to RAN2 to inform them.
Proposal 2: Adopt the following working assumption: 
· When 2 <= subgroupNumPerPO <= 8  is configured by network but UE is not explicitly or implicitly indicated a subgroup index, UE behavior is undefined.
· Send an LS to RAN2. The WA can be revisited after RAN2 decisions if needed.
UE assistance information on the preferred offset between PEI and PO
Whether it is beneficial to support UE assistance information on the preferred offset between PEI and PO was discussed in RAN1#107b-e, and many companies considered it not very useful. However, we should note that the network does not really have knowledge on the best offset between PEI and PO, because it depends very much on UE implementation. Even though we assumed 2~3 SSBs for low SINR UEs in our evaluation, it is just for evaluation purpose and in reality different UEs may need different number of SSBs before PO reception. This may vary quite a bit between different UEs, not to mention that we may have RedCap UEs which would require larger gaps. Overall it can be very challenging for the network to configure the location of PEI properly.
We think it is useful for the UE to provide assistance information on the preferred offset between PEI and PO. Of course one big challenge is that the reported values from different UEs can be different, while the gNB can only configure a single offset which serves all the UEs (meaning that it is not going to be optimal for all the UEs). Nonetheless, it still helps the network make more informed decision when configuring PEI monitoring occasions. As one example, the network may choose to accommodate the UEs that prefer the largest offset because it brings the most power saving gain for these UEs. The network could also choose an offset considering the percentage of UEs that report such a value. This is not intended to be a UE-specific optimization. Instead, the network makes a decision based on the statistics collected from the UEs.
For the UE assistance information, it would make more sense for the UE to report the preferred offset for the low SINR condition. It is more natural for UE to report the preferred number of SSBs between PEI and PO, instead of in the unit of slots or ms, because the SSBs are what is needed by the UE for tracking purpose.
Proposal 3: It is supported that UE transmits assistance information on the preferred offset between PEI and PO, in unit of number of SSBs in between.
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 4: Support separate PO configurations for UEs supporting sub-grouping and UEs not supporting sub-grouping.
Conclusion
In this contribution, we discussed some remaining issues for paging enhancements, and made the following proposals:
Proposal 1: If one PEI-O is associated with POs of 2 PFs, the two PFs are consecutive PFs within the same paging cycle.
· It is up to RAN2 how to capture it in TS 38.304.
Proposal 2: Adopt the following working assumption: 
· When 2 <= subgroupNumPerPO <= 8  is configured by network but UE is not explicitly or implicitly indicated a subgroup index, UE behavior is undefined.
· Send an LS to RAN2. The WA can be revisited after RAN2 decisions if needed.
Proposal 3: It is supported that UE transmits assistance information on the preferred offset between PEI and PO, in unit of number of SSBs in between.
Proposal 4: Support separate PO configurations for UEs supporting sub-grouping and UEs not supporting sub-grouping.
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