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Paging Early Indication (PEI) and UE paging subgrouping will be supported in Rel-17 for UE power saving in Idle/Inactive mode. In recent meetings, RAN1 made the following agreements about PEI and UE subgrouping:
	From RAN1 #105-e:

Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.


	From RAN1 #106-bis-e:

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


In this contribution, we discuss control and procedure details about paging monitoring with UE subgrouping. 
Discussion  
Paging monitoring with CN-assigned UE subgrouping
RAN2 has agreed that CN can assign paging subgroup IDs to UEs, and the same subgroup is used when UE is in RRC_IDLE and RRC_INACTIVE. The overall operation procedure could be as follows.
· When UE is in RRC CONNECTED
· UE provides its capability of receiving subgroup paging indication and optional assistance information (paging attributes) to CN (AMF), in Registration Request
· CN assigns the subgroup and provide subgroup ID to UE and RAN, using Registration Accept and UE Context Modification, respectively. RAN needs to know subgroup ID because of RAN paging for RRC_INACTIVE UE.
· UE acquires system information for configurations of UE-group PEI, including
· Where to find the PEI for each PO. Since PEI is PDCCH-based (a new DCI format), this may include CORESET and search space for PEI  
· How the bits in a PEI are mapped to corresponding UE subgroups
· Note: RAN2 may discuss the RRC details after receiving RAN1’s list of potential RRC parameters and structures
· When UE is in RRC IDLE and paged
· CN sends the paging notification to gNBs in the same tracking area, carrying UE ID and subgroup ID
· The gNBs send subgroup PEI
· The gNBs send paging message
· When UE is in RRC INACTIVE and paged
· Anchor gNB sends RAN Paging to other gNBs in the same RNA
· The gNBs send subgroup paging indication
· The gNBs send paging message
The above procedure is illustrated in Figure 1.
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Figure 1.	Paging monitoring for CN-assigned UE subgrouping
We have the following proposals:
Proposal 1:	For a cell supporting PEI with CN-assigned UE subgrouping, the PEI configurations are carried in SIB, and include information about (1) where to find the PEI for each PO, and (2) how the bits in a PEI are mapped to corresponding UE subgroups. 
Proposal 2:	Consider the message flow in Figure 1 as a baseline for paging monitoring with CN-assigned UE subgrouping. 
Paging monitoring with UEID-based subgrouping
· UE acquires system information for configurations of UE-group PEI, including
· Where to find the PEI for each PO. Since PEI is PDCCH-based (a new DCI format), this may include CORESET and search space for PEI  
· How the bits in a PEI are mapped to corresponding UE subgroups
· Number of UEID-based subgroups
· Note: If not all subgroup IDs can be selected based on UEID (e.g. CN-assigned and UEID-based subgroups co-exist and do not overlap), the range of subgroup ID 
· When UE is in RRC IDLE and paged
· CN sends the paging notification to gNBs in the same tracking area, carrying UE ID
· The gNBs calculates UE subgroup ID and sends subgroup PEI
· The gNBs send paging message
· When UE is in RRC INACTIVE and paged
· Anchor gNB sends RAN Paging to other gNBs in the same RNA
· The gNBs send subgroup paging indication
· The gNBs send paging message
The above procedure is illustrated in Figure 2.
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Figure 2.	Paging monitoring for UEID-based UE subgrouping
Proposal 3:	For a cell supporting PEI with UEID-based UE subgrouping, the PEI configurations are carried in SIB, and include information about (1) where to find the PEI for each PO, (2) how the bits in a PEI are mapped to corresponding UE subgroups, (3) number or ID range of UEID-based subgroups. 
Proposal 4:	Consider the message flow in Figure 2 as a baseline for paging monitoring with UEID-based UE subgrouping.
PEI monitoring after cell reselection
In LTE/NB-IoT, UE monitors wake-up signal (WUS) only in the last serving cell (the cell in which UE enters Idle/Inactive mode). In other words, UE will not monitor WUS after reselection to a different cell. It was suggested in Post115-e#089 email discussion [2] that a similar rule should apply to PEI monitoring in NR. Our understanding is as follows:
· WUS was introduced for NB-IOT, where most devices are stationary. It is likely that the UE is 
· In contrast, NR devices are mostly mobile. Even RedCap devices are expected to be moving (e.g. smart watches). Limiting PEI monitoring to last serving cell will largely reduce the power-saving 
· Network does paging escalation, i.e. when a UE is to be paged, network usually pages the UE in the last serving cell. If there is no response, network pages the UE in more cells. PEI, as an early indication
Proposal 5:	When configured, PEI is sent in all cells where corresponding paging message is sent. UE continues PEI monitoring after cell reselection.
Conclusion
This contribution discussed the UE paging subgroup assignment. It is proposed to discuss and decide on the following proposals:
Proposal 1:	For a cell supporting PEI with CN-assigned UE subgrouping, the PEI configurations are carried in SIB, and include information about (1) where to find the PEI for each PO, and (2) how the bits in a PEI are mapped to corresponding UE subgroups. 
Proposal 2:	Consider the message flow in Figure 1 as a baseline for paging monitoring with CN-assigned UE subgrouping. 
Proposal 3:	For a cell supporting PEI with UEID-based UE subgrouping, the PEI configurations are carried in SIB, and include information about (1) where to find the PEI for each PO, (2) how the bits in a PEI are mapped to corresponding UE subgroups, (3) number or ID range of UEID-based subgroups. 
Proposal 4:	Consider the message flow in Figure 2 as a baseline for paging monitoring with UEID-based UE subgrouping.
Proposal 5:	When configured, PEI is sent in all cells where corresponding paging message is sent. UE continues PEI monitoring after cell reselection.
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