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In Nov. 2020, RAN1 agreed to introduce paging early indication (PEI), and sent a LS [1] to RAN2, including the following RAN1 agreements:
	Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS


RAN2 discussed UE subgrouping issue in last meeting and a post-meeting email discussion, and made the following agreements, which were also captured in a reply LS to RAN1 [2]:
	· We adopt network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging probability as EUTRA, possibly with additional randomization).
· If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID).
· RAN2 also briefly discussed the number of UE subgroups per PO, and, considering it depends on which and how many UE characteristics above network controlled subgrouping will support, RAN2 could only provide an indication that the maximum number of UE subgroups per PO should be at least 8. However, RAN2 understands that it should also depend on observed power saving gain and the signalling method for indicating the subgroups (PEI and/or paging DCI) and so, potentially on the PEI design itself, therefore RAN2 leaves it to RAN1 to decide the final value.


According to the agreements, network can assign the subgroup for each UE based on individual UE characteristics, and the subgrouping criteria need not to be revealed to UEs. Alternatively, subgrouping can be supported by randomization (i.e. based on UE-ID). In this contribution, we discuss whether CN or RAN shall control the UE grouping, and how subgrouping with randomization works.
Discussion
CN vs. RAN assignment of UE paging subgroups
CN assignment of UE paging subgroups
If UE subgroup is assigned by CN, the overall operation procedure could be
· When UE is in RRC CONNECTED
· UE provides optional assistance information (paging attributes) to CN (AMF), in Registration Request
· [bookmark: _GoBack]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.
· 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.	CN assignment of UE paging subgroups

RAN assignment of UE subgroups
If UE subgroup is assigned by RAN, the overall operation procedure could be:
· When UE is in RRC CONNECTED
· UE provides optional assistance information (paging attributes) to serving gNB, in e.g. UAI.
· Serving gNB assigns the subgroup and provide subgroup ID to UE and CN, via RRC Release message and Uplink RAN Configuration Transfer, respectively. CN needs to know subgroup ID because of potential paging when UE is in RRC_IDLE.
· When UE is in RRC IDLE and paged
· CN sends the paging notification to gNBs in the same registration area, carrying UE ID and subgroup ID
· The gNBs send subgroup PEI (assuming that PEI is used for subgroup paging indication)
· 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
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Figure 2.	RAN assignment of UE paging subgroups

Comparison between the options
Comparing the two options, we observe that the procedures for UE in RRC Idle or RRC Inactive are identical. Both options require that RAN and CN know the subgroup ID. The major difference is how UE subgroup ID is recognized across cells.
· If paging subgroups are assigned by CN, UEs’ subgroup assignments are naturally consistent across all cells in a registration area. We expect that the assignments seldom change.
· If paging subgroups are assigned by RAN, the subgroup may be updated every time a UE is released. Then when UE reselects to another cell, the new cell needs to accept the subgroup ID assigned by the last serving cell. However, since each cell may have its own subgrouping method, the number of subgroups may be even different across cells. As a consequence, UE may not be able to find its subgroup after reselecting to another cell. For example, a UE assigned to subgroup#7 in a cell which divides UEs into 8 subgroups cannot find its subgroup in another cell which assigns only 4 subgroups. Some negotiation or subgroup remapping process is needed to resolve this issue, but that makes the operation very complicated.
Observation 1:	If paging subgroups are assigned by CN, UEs’ subgroup assignments are naturally consistent cross all cells in a registration area.
Observation 2:	If paging subgroups are assigned by RAN, UE may not be able to find its subgroup after reselecting to another cell.
Proposal 1:	If UE paging subgroups are directly assigned by network, they should be assigned by CN.
Subgrouping by randomization
UE ID can be considered when network assigns the subgroups to UEs. Moreover, RAN2 agreed that if network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE ID). Our understanding is that this is similar to LTE UE-group wake up signal (GWUS), where each cell broadcasts the total number of WUS groups, and UE selects its WUS group by hashing its UE ID. 
The WUS group selection in LTE GWUS can actually be a two-stage approach. If configured, a UE first chooses a “WUS group set” based on paging probability (provided in WUS assistance information) and corresponding thresholds, and then selects its WUS group from the WUS group set, based on UE ID. In NR, we haven’t concluded on whether (and how) this kind of two-stage approach is supported. We see two options:
· Option 1: Support two-stage paging subgroup selection. UE first chooses its “subgroup set” according to network assignment, and then selects its subgroup within the set, based on UE ID. If network does not assign “subgroup set” to UEs, there is only one subgroup set and UE grouping is a pure randomization, based on UE ID. This options allows some RAN-level flexibility (e.g. each cell can decide its own number of subgroups), but it also has higher complexity. 
· Option 2: Paging subgroup is assigned by network in one step. UE ID can still be considered but the hashing is done by the network, and UE knows only the final result (its subgroup ID).
We suggest having RAN2 discussions on whether to support two-stage paging subgroup selection where randomization (based on UE ID) is considered in the second stage.
Proposal 2:	RAN2 to discuss whether to support two-stage paging subgroup selection where randomization (based on UE ID) is considered in the second stage.
Conclusion
This contribution discussed the paging enhancements with UE-group PEI for UE power saving in NR. We have the following observations:
Observation 1:	If paging subgroups are assigned by CN, UEs’ subgroup assignments are naturally consistent cross all cells in a registration area.
Observation 2:	If paging subgroups are assigned by RAN, UE may not be able to find its subgroup after reselecting to another cell.   
It is proposed to discuss and decide on the following proposals:
Proposal 1:	If UE paging subgroups are directly assigned by network, they should be assigned by CN.
Proposal 2:	RAN2 to discuss whether to support two-stage paging subgroup selection where randomization (based on UE ID) is considered in the second stage.
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