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[bookmark: _Ref165266342]1 Introduction
In RAN2#113b meeting, we had discussed subgroup schemes on the subgroup ID determination, and the agreement is shown as below:
=> Short Post email discussion, agree preference of no of groups if possible, approved reply LS out. 
=> We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)
Therefore, in this contribution, we will analyze network controlled subgrouping and give some observations on the number of subgroups. In addition, we give a brief view of how TRS/CSI-RS works for idle/inactive-mode UE power saving.
2 Discussion
2.1 UE subgrouping for paging
2.1.1 Network controlled subgrouping
In RAN2#113b meeting, we had made a decision on subgroup ID determination that network controlled subgrouping based on UE characteristics will be adopted. The first question is which network node will assign the subgroup ID.
There are two network nodes. CN can be the node that decides on the subgroup. For UE in RRC_IDLE, CN can assign the subgroup ID to UE based on UE characteristics via registration procedures. For UE in RRC_INACTIVE, CN need to notify gNB to store such ID as a part of UE inactive AS context in case of RAN paging. 
On the other hand, RAN can calculate subgroup ID based on UE characteristics provided via e.g. assistance information either from CN or the UE then assign it to UE via RRC release message. For case of RAN paging, gNB can sent paging message based on subgroup ID. Also RAN need to provide such ID to CN for storage in case of CN paging. 
No matter which node will assign the subgroup ID, we need to consider whether we need to use different paging subgroups in RRC_IDLE and RRC_INACTIVE. In RRC_IDLE mode, UE is mainly to monitor paging for possible incoming calls from network which is not a frequent paging. But for the later, UE may have more intermittent traffic data arrival, which means paging in RRC_INACTIVE is more frequent than RRC_IDLE. That is the reason why we have CN paging cycle and RAN paging cycle for RRC_IDLE and RRC_INACTIVE respectively assigned by CN and RAN to differentiate the paging rate. Therefore we think when network assign subgroup ID to UE based on characteristics, it is not suitable to use the same subgroup ID for both RRC states.
Observation 1: Considering the paging rate for inactive UE may be different from idle UE, it is not suitable to use the same subgroup ID for RRC_IDLE and RRC_INACTIVE UE.
Considering the observation described above, network assign two types of subgroup ID for RRC_IDLE and RRC_INACTIVE mode respectively seems a reasonable solution. In the case of RRC IDLE, CN will take the control on the UE’s subgrouping ID while in the case of RRC INACTIVE, it is natural that RAN who RAN buffers DL packets for the UE in RRC_INACTIVE will decide the subgrouping for the UE.
Proposal 1: RAN2 is suggested to consider CN assigning subgroup ID for RRC_IDLE UE and RAN assigning subgroup ID for RRC_INACTIVE UE.
However if CN can assign subgroup ID for RRC_IDLE UE and RAN assign subgroup ID for RRC INACTIVE UE, it needs to consider paging for RRC status mismatch. Because there could be a CN paging in inactive mode when network exception occurred. As shown in Fig.1, if RAN assign subgroup ID#3 to UE via RRC release message for RRC INACTIVE mode while CN assigns the subgroup ID#1 for CN paging (UE still uses subgroup ID#3 to monitor RAN), the paging mismatch will happen and the UE will miss the paging when two subgroup IDs are not equal. Therefore the subgroup ID mismatch between CN and RAN paging should be further considered if CN assign subgroup ID for RRC_IDLE UE and RAN assign subgroup ID for RRC INACTIVE UE.


Fig.1 subgroup ID mismatch between CN and RAN assignment
Proposal 2: The issue of paging mismatch between CN and RAN paging should be further considered when CN assigning subgroup ID for RRC_IDLE UE and RAN assigning subgroup ID for RRC_INACTIVE UE.
Although CN can assign subgroup ID which can be applicable for all cells in TA, it still needs to consider the consistency across different gNBs as different gNB may has different subgrouping strategy when RAN is assigning subgroup ID for RAN paging. Taking RRC INACTIVE mode as an example, gNB1 assign subgroup ID#3 to UE via RRC release message for RRC INACTIVE UE, and that UE moves to gNB2 which only have two group resources. For case of RAN paging, gNB1 will send this ID#3 to gNB2 via Xn interface, but gNB2 cannot use such ID to page UE. A simple solution is that gNB2 and UE will remapping the ID#3 to one of the two group resources for paging alignment. Therefore RAN2 is suggested to further discuss the remapping functions to handle the subgroup ID mismatch issue when UE performs cell reselection.


Fig.2 subgroup ID mismatch when RAN assign subgroup ID
Proposal 3: RAN2 is suggested to further discuss what remapping functions can be used to handle subgroup ID mismatch issue when UE performs cell reselection.
2.1.2 The number of subgroups
In last meeting, we had an email discussion for providing the preference of number of subgroups [2]. Here an analysis is given for number of subgroups based on UE characteristics. We consider two types of UE within one PO which 1% paging rate stands for high paging probability (PP) and 0.1% paging rate stands for low PP, and dividing PO into two types of subgroups, low PP subgroup and high PP subgroup.
Case 1 The number of UE within one PO is 50 and the total paging rate is around 24%. And we divide PO evenly into low PP groups and high PP groups.
	Number of UE (50)
25 (1%)
25 (0.1%)
	Paging rate of
Every low PP group
	Paging rate of
Every high PP group

	No subgroups
	24.14%

	4 subgroups
(2 low PP, 2 high PP)
	1.24%
	11.81%

	8 subgroups
(4 low PP, 4 high PP)
	0.62%
	6.09%

	16 subgroups
(8 low PP, 8 high PP)
	0.31%
	3.09%


Case 1a Based on case 1, we divide PO into fewer low PP groups and more high PP groups.
	Number of UE (50)
25 (1%)
25 (0.1%)
	Paging rate of
Every low PP group
	Paging rate of
Every high PP group

	No subgroups
	24.14%

	4 subgroups
(1 low PP, 3 high PP)
	2.47%
	8.00%

	8 subgroups
(2 low PP, 6 high PP)
	1.24%
	4.09%

	16 subgroups
(4 low PP, 12 high PP)
	0.62%
	2.07%


We can see from the case 1 and 1a that dividing PO evenly into different types is not an efficient way as different characteristic has different requirement for the number of subgroups. Taking low PP groups as an example, the paging rate itself is low, so we don’t need too many subgroups for it, but for high PP groups there should be more subgroups for maximal power saving gain. Benodes, there is an observation that with the number of subgroups increases, the power saving gain increment is decreased which means it tends to be saturate.
Observation 2: With the number of subgroups increasing, the power saving gain tends to be saturate.
Case 2 The number of UE within one PO is 20 and the total paging rate is around 10%. And we divide PO evenly into low PP groups and high PP groups.
	Number of UE (20)
10 (1%)
10 (0.1%)
	Paging rate of
Every low PP group
	Paging rate of
Every high PP group

	No subgroups
	10.46%

	4 subgroups
(2 low PP, 2 high PP)
	0.50%
	4.9%

	8 subgroups
(4 low PP, 4 high PP)
	0.25%
	2.48%

	16 subgroups
(8 low PP, 8 high PP)
	0.11%
	1.12%


Case 2a Based on case 2, we divide PO into fewer low PP groups and more high PP group.
	Number of UE (20)
10 (1%)
10 (0.1%)
	Paging rate of
Every low PP group
	Paging rate of
Every high PP group

	No subgroups
	10.46%

	4 subgroups
(1 low PP, 3 high PP)
	1%
	3.26%

	8 subgroups
(2 low PP, 6 high PP)
	0.5%
	1.65%

	16 subgroups
(4 low PP, 12 high PP)
	0.25%
	0.83%


As we can see from case 2 and 2a, for normal paging rate (which we think is around 10%), no matter low PP groups or high PP groups, there is no too much benefit when dividing subgroup up to 16. The power saving gain tends to be saturate with the number of subgroups increasing. So considering the trade off between subgroup resource and power saving gain, we think more than 16 is not needed and 8 groups which is applicable for most cases can be recommended. However it is also up to what UE individual characteristics will be used. We can further discuss it after the decision of UE characteristics.
Proposal 4: Considering the trade-off between subgroup resource and power saving gain, more than 16 is not needed and 8 groups which is applicable for most cases can be recommended.
2.2 TRS/CSI-RS for idle/inactive-mode UE power saving
The availability of TRS/CSI-RS for idle/inactive-mode UE power saving has never been touched in RAN2 since RAN1 has been discussed this. RAN1 has confirmed that the availability of TRS/CSI-RS should be informed to UE based on explicit indication and on how the availability of TRS/CSI-RS informed to the UE, the latest agreement was captured below:
	Working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signaling



In our understanding, relying only on L1 based signalling to notify the availability might be not practical as it will leads to UE missing notification which will cause several problems (e.g. UE unreachable or return from out of coverage). An example is that UE missing the L1 based signalling cannot get the indication in time and have to wait till availability update next time. Hence we need the UE to reacquire the availability in SIB on time thus we need to put the availability of TRS/CSI-RS in SIB as well. Such as that, the UE shall follow the legacy procedure to apply the SI acquisition procedure upon cell selection (e.g. upon power on), cell-reselection, return from out of coverage to check the TRS/CSI-RS availability information in SIB as the same principles applied in acquiring system information. Since RAN1 will provide the availability change notification of TRS/CSI-RS by Paging DCI/ PEI, change in the availability indication in SIB should not trigger a change of system information. And the details can be further discussed. And it is better an LS is suggested to send to RAN1 to inform RAN2’s progress on conveying the availability of TRS/CSI-RS in SIB.
Proposal 5: RAN2 is suggested to consider to convey the availability of TRS/CSI-RS in SIB.
3 Conclusions
On UE subgrouping for paging:
Observation 1: Considering the paging rate for inactive UE may be different from idle UE, it is not suitable to use the same subgroup ID for RRC_IDLE and RRC_INACTIVE UE.
Proposal 1: RAN2 is suggested to consider CN assigning subgroup ID for RRC_IDLE UE and RAN assigning subgroup ID for RRC_INACTIVE UE.
[bookmark: _GoBack]Proposal 2: The issue of paging mismatch between CN and RAN paging should be further considered when CN assigning subgroup ID for RRC_IDLE UE and RAN assigning subgroup ID for RRC_INACTIVE UE.
Proposal 3: RAN2 is suggested to further discuss what remapping functions can be used to handle subgroup ID mismatch issue when UE performs cell reselection.
Observation 2: With the number of subgroups increasing, the power saving gain tends to be saturate.
Proposal 4: Considering the trade-off between subgroup resource and power saving gain, more than 16 is not needed and 8 groups which is applicable for most cases can be recommended.
TRS/CSI-RS for idle/inactive-mode UE power saving:
Proposal 5: RAN2 is suggested to consider to convey the availability of TRS/CSI-RS in SIB.
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