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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 as follows: 
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

It follows the definition of POs and essentially maps consecutive POnumPerPEI POs to the same PEI. It works perfectly if all the UEs have the same DRX cycle. However, if the UEs have different DRX cycle, this results in some undesirable mapping as shown in Figure 1. Each UE determines the PEI-to-PO mapping based on its own DRX cycle, which leads to different mapping for UEs with different DRX cycles.
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Figure 1 PEI-to-PO mapping for UEs with different DRX cycles
As shown in the figure, the PEI bits for the 1st PF maps to the same PF, but the PEI bits for the 2nd PF maps to different PFs for UEs with different DRX cycles. The main disadvantages of such a mapping include:
· From network perspective, this means 1 PEI actually maps to more than 2 PFs, which is against the original intention of limiting to 2 PFs only.
· It is more complicated for the network to manage, because the network needs to consider UEs in more than 2 PFs. Also for some of the PFs, it should consider UEs with certain DRX cycle only, not all the UEs corresponding to that PF.
· For UEs with larger DRX cycle, the time gap between PEI and some of the PFs can be quite large.
· This means large additional paging latency for UEs corresponding to these PFs.
· E.g. For UEs with 1.28sec DRX cycle, the additional paging delay is 0.64 sec for UEs with POs in the 2nd PF.
· When the gap between PEI and PF is too large, the UE may need to perform additional time/frequency tracking before PO detection, which may consume more UE power.
We should address these issues caused by different DRX cycles, which was not considered when the agreement was made. This can be fixed easily, by determining the PEI-to-PO mapping based on the smallest DRX cycle in the system. For the same example, the mapping is shown in Figure 2. This results in a very clean mapping, which avoids the shortcomings of the mapping in Figure 1.
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Figure 2 Proposed PEI-to-PO mapping for UEs with different DRX cycles
The smallest DRX cycle is not known to the UEs, so this needs to be signaled/broadcast to the UEs. It is the gNB’s responsibility to guarantee that this is indeed the smallest DRX cycle.
Proposal 1: All the UEs in a cell determine the mapping of PEI to POs/PFs based on a reference DRX cycle, which is signaled by the gNB in SIB. The gNB shall guarantee that the DRX cycle of any UE is not smaller than the reference DRX cycle.
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 (but with similar effect), 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.

Proposal 2: To address the potential issue for UEs not configured with subgrouping, adopt one of the following alternatives:
· Option 1: mandate that (1) all UEs supporting PEI also support subgrouping; (2) gNB is required to configure subgrouping for a capable UE if PEI is enabled.
· Option 2: For a UE monitoring PEI but not configured with subgrouping,
· Alt 1: Add a separate bit in the PEI field for UEs not configured with subgrouping
· Alt 2: Use the last bit for a PO in the PEI field for UEs not configured with subgrouping, and introduce a separate parameter for the number of subgroups for UE to derive the subgroup ID for UE_ID-based subgrouping.
There is no big difference between the options. Therefore, we prefer the simpler option, i.e., Option 1.
UE assistance information on the preferred offset between PEI and PO
The UE power saving from PEI and the preferred location of PEI to achieve the most UE power saving are very much dependent on UE implementation, and such information is unknown to the network. It can be very challenging for the network to configure the location of PEI properly. It would be useful for the UE to provide assistance information on the preferred offset between PEI and PO. Even though the reported values from different UEs can be different, 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. 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: All the UEs in a cell determine the mapping of PEI to POs/PFs based on a reference DRX cycle, which is signaled by the gNB in SIB. The gNB shall guarantee that the DRX cycle of any UE is not smaller than the reference DRX cycle.
Proposal 2: To address the potential issue for UEs not configured with subgrouping, adopt one of the following alternatives:
· Option 1: mandate that (1) all UEs supporting PEI also support subgrouping; (2) gNB is required to configure subgrouping for a capable UE if PEI is enabled.
· Option 2: For a UE monitoring PEI but not configured with subgrouping,
· Alt 1: Add a separate bit in the PEI field for UEs not configured with subgrouping
· Alt 2: Use the last bit for a PO in the PEI field for UEs not configured with subgrouping, and introduce a separate parameter for the number of subgroups for UE to derive the subgroup ID for UE_ID-based subgrouping.
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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