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1	Introduction
RAN2 has made the agreement of subgrouping is to be supported for paging enhancement and the discussion so far has been focused on how to determine the subgrouping without conclusion reached [1]. 
A reply LS was received from RAN1 indicated the agreement of carrying subgroup information in PHY design and asking for RAN2 to provide information on RAN2 decisions [2]. 
	RAN1 continued discussing physical layer design for paging enhancement and agreed the following:
Carrying UE subgroups information is considered in physical layer design for paging enhancement
· Note: The number of UE subgroups RAN1 has evaluated ranges from 2 to 16 for a PO
…
To RAN2:
RAN1 respectfully asks RAN2 to take the above information into account for RAN2’s future work and to provide information of RAN2’s decision(s) on UE sub-grouping for paging enhancement.


Regardless of which mechanism is to be adopted for subgrouping determination, the impact on RAN1 remains similar, i.e. which subgroup(s) are to be paged for a PO needs to be indicated via PHY signalling.
In this contribution, we further discuss the details on sub-grouping indication and coordination needed with RAN1. In another contribution, we discuss sub-grouping determination and potential impact on SA2 if mechanisms on top of UE_ID based is to be considered [3].
2	Discussion
RAN1 responded in their LS [2] that indicating sub-groups in PEI is being considered as a part of the PEI physical layer design, with the number of sub-groups ranging from 2 to 16 and asked for RAN2 feedback on decision(s) on UE sub-grouping. The split between RAN1 and RAN2 on which WG to determine the number of subgroups to be supported is not very clearly defined in the WID. The simulations evaluating the power saving benefit of sub-grouping have been mainly done in RAN1, while RAN2 has focused on discussing on methods for assigning the UEs to sub-groups. Based on RAN1 LS, it seems that RAN1 will consider the support, thus it would be useful if RAN2 could provide its assessment on the benefit of sub-grouping and, if possible, some conclusion on the minimum number of sub-groups or other aspects from RAN2 perspective.
In earlier RAN2 meetings, different mechanisms for assigning the UEs to sub-groups have been discussed, e.g. UE_ID based, paging probability based, power consumption profile based, NW assignment based etc. In order to better understand the potential benefit of a further enhanced sub-grouping mechanism, a simple evaluation was made to evaluate this. In the evaluation the power saving attainable from a random assignment of UE to a sub-group was compared to the case that UE would be deterministically assigned to a sub-group where the paging probability is lower.  Only the power saving in terms of ‘false alarm’ was evaluated, i.e. when UE wakes up to monitor the PO while it is not actually paged. In Table 1 we present the results comparing the power consumption for group paging rates of 0.1 %, 1 % and 5 % with the paging group probability baseline of 10 %. The different SNR conditions (low, medium, high) are based on RAN1 assumptions, affecting the amount of pre-synchronisation effort before the PO.  It can be seen from the results that if UE can be assigned to a sub-group that has ‘correct’ lower paging rate, power saving gain ranging from 1.3% to 6% can be attained compared to assigning the UE to a PO without sub-grouping that has 10% paging rate. This is considered to present the best case in terms of attainable power saving from deterministic sub-grouping.
In Table 2, we present the corresponding results with different number of sub-groups, while assuming that UEs are randomly (and evenly) assigned to the sub-groups. It can be seen that with a sufficient number of sub-groups, random sub-grouping can attain similar level of gains as with deterministic sub-grouping. If 8 or 16 sub-groups can be assumed, similar benefits as with deterministic sub-grouping can be achieved. Hence in order to account scenarios where it may not be possible to deterministically assigns all UEs to proper sub-groups, power saving benefit of PEI sub-grouping can be ensured by supporting a sufficiently large number of sub-groups.
Table 1. Power saving from deterministic sub-grouping versus 10 % group paging rate. All numbers in %.
	Assigned sub-group paging rate
	Low SINR
	Medium SINR
	High SINR

	5 %
	3.1
	2.1
	1.3

	1 % 
	5.5
	3.7
	2.4

	0.1 %
	6
	4.1
	2.6


Table 2. Power saving of random sub-grouping versus 10 % group paging rate. All numbers in %.
	Number of sub-groups
	Low SINR
	Medium SINR
	High SINR

	2
	3.1
	2.1
	1.3

	3 
	4.1
	2.8
	1.8

	4
	4.6
	3.1
	2.0

	8
	5.4
	3.6
	2.3

	16
	5.7
	3.9
	2.5



Proposal 1: Confirm to RAN1 that subgrouping is supported.
Proposal 2: While the final number of subgroups to be supported should be decided in RAN1, RAN2 should recommend that at least 8 sub-groups are supported per PO to provide enough power saving gain.
The evaluation results in the previous RAN1 meetings had shown PEI based approach provides most gain and, thus, our discussion here considers only DCI based PEI, which seems to be more feasible when considering that the sub-grouping information needs to be indicated. 
As PEI needs to be provided to the UEs in RRC Inactive/Idle mode in a beam sweeping manner and with a high aggregation level to ensure its successful reception at the cell edge, it is beneficial from the network point of view to indicate a single PEI for multiple POs to reduce the PEI overhead. E.g. a PEI for all the POs within the same PF or POs of consecutive PFs, instead of one PEI for each PO. On top of that, it should be possible to indicate for each PO if any UE in any subgroup is paged.
Proposal 3: One PEI should be able to indicate multiple POs, and for each PO if any UE in any subgroup is paged.
Without one-to-one mapping, the mapping of PEI and the multiple POs association would need to be defined. In principle it could be up to NW implementation to leave some POs for legacy UEs without PEI indication and the other POs for Rel-17 UEs that support PEI, if PEI to PO mapping can be explicitly configured.
Proposal 4: the association of the PEI to multiple POs needs to be defined.
For signalling details, several options are possible to indicate the paged sub-groups for each PO:
· Option 1: a fixed number of bits can indicate PO and sub-grouping, e.g. hard split of the bits for PO indication and sub-group per PO indication based on configuration of number of POs associated to a PEI and number of sub-groups per PO with separate bitmap indicating which POs are paged and bitmap indicating sub-grouping for each PO;
· Option 2: a fixed number of bits can indicate the sub-groupings for each PO based on the configuration of number of POs per PEI and number of subgroups per PO without explicit bits for POs, since if no sub-group for a PO is paged, the UE knows the PO is not paged.
· [bookmark: _GoBack]Option 3: fixed bits for PO based on the configuration of number of POs per PEI and the remaining bits for sub-grouping can be dynamically assigned to different POs and only be present for the POs that are paged (thus more sub-groups are possible if fewer POs are paged, which are associated to the same PEI).
Option 1 is obviously worst since the PO indication bits are wasted as whether a PO is paged can be implicitly known based on the subgrouping bits as in Option 2. While whether option 2 or option 3 would provide more gain might depend on the paging rate, how many POs are to be indicated with single PEI, and how many subgroups for each PO is to be supported. It depends on how many bits would be available to indicating the POs and sub-groups. 
Proposal 5: send the requirement as proposed in proposal 1 to 3 to RAN1 and ask RAN1 number of subgroups to be supported and how many bits would be available in PEI for indicating POs and sub-grouping then RAN2 can decide which option to adopt.
3	Conclusion
Details on sub-grouping indication and potential interaction needed with RAN1 are discussed in this contribution with the following proposals proposed: 
Proposal 1: Confirm to RAN1 that subgrouping is supported.
Proposal 2: While the final number of subgroups to be supported should be decided in RAN1, RAN2 should recommend that at least 8 sub-groups are supported per PO to provide enough power saving gain.
Proposal 3: One PEI should be able to indicate multiple POs, and for each PO if any UE in any subgroup is paged.
Proposal 4: the association of the PEI to multiple POs needs to be defined.
Proposal 5: send the requirement as proposed in proposal 1 to 3 to RAN1 and ask RAN1 number of subgroups to be supported and how many bits would be available in PEI for indicating POs and sub-grouping then RAN2 can decide which option to adopt.
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