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1. Introduction
[bookmark: Proposal_Beacon]Based on RAN2#112e meeting, the following agreements on UE power saving were made as in [1]:
	Agreements:
· Confirm that UE grouping is considered a candidate of paging enhancement for UE power saving
· RAN2 have discussed and considered “paging indication for UE subgroups using paging DCI”, “paging early indication or wake-up signal (WUS) for UE subgroups”, “cross-slot scheduling of paging for UE subgroups”. 
· RAN2 understands that RAN1 have started to evaluate performance and complexity. RAN2 assumes that RAN1 continues with this evaluation, in order that decisions can be made regarding the paging indication/scheduling solution. As R2 is the leading group for this WI objective it is expected that final decisions are made by R2. 
· Will send an LS to R1 (action to be discussed offline).
· The solution of PRNTI based group discrimination is deprioritized from RAN2 perspective
· The solution of “paging for UE subgroups using different time/frequency resources” is de-prioritized from RAN2 perspective. 


Based on the progress in email discussion [2], in this contribution, we mainly provide some analysis on the UE grouping rule considering the UE-ID based grouping, paging probability based grouping, and UE mobility.
2. Discussion
As pointed out in [2], more than one UE may monitor the same Paging Occasion (PO), the UE will finally determine to trigger the RA procedure based on its UE-ID listed in the paging record, which can cause unnecssary paging decoding for the UE without its UE ID in the paging record. In order to avoid the unnecssary paging decoding, the UE could be divided into several groups. Accordingly the UE may monitor for its group ID indicated by the paging enhancement procedure using e.g. some of the below three options. If its group ID is indicated by the procedure, UE will decode the paging message, otherwise UE will skip the paging decoding procedure to save power. 
· Option1: DCI based grouping
· Option2: Paging early indication or wake-up signal (WUS) for UE subgroups
· Option3: cross-slot scheduling of paging for UE subgroups
For the UEs in the same group, maybe only a few of UE are really paged and their UE-IDs are listed in the paging record, the other UE(s) not paged have to decode the paging message since the indication in above options is group level, this is also considered as the false paging alarm and generally unavoidable. In order to reduce the false paging alarm, how to group the UE is important and has been dicussed in [2].
In [2], UE-ID based grouping rule has been discussed as a baseline, where UE group ID could be equal to the value of mod(UE-ID, the number of UE groups), this method could make UE grouped randomly. However, based on this method, it is unavoidable that the UEs with low paging probability and UEs with high paging probability will be in the same group, which may lead to a situation where UE(s) with low paging probability receive a false paging alarm and hence unnecessarily decode the paging message if the UE with high paging probability is paged, resulting in an increased power consumption. Thus, the paging probability based grouping as used in NB-IOT WUS may be also beneficial for NR UE power saving, the LTE mechanism on paging probabiliy configuration and combined method of UE-ID based grouping and paging probability based grouping could be considered as a baseline thereby not requiring significant standardization work.
Proposal1: The paging probability-based grouping could be used to group UEs for power saving and be combined with UE-ID based grouping as in LTE.
For paging, the network usually transmits UE paging message in the cell where UE has the last RRC connection or in the the recommended cells as described in the IE recommended cells for paging in [3]. If the paging attempt is failed because of UE mobility or low channel quality, the network needs to extend the paging area to multiple cells or even entire Tracking Area (TA) to reach the intended UE. Based on this background for paging reachability, it can be seen that lots of UE in the same group as the paged UE’s and in a large coverage(even in TA) will suffer the false paging alarm, since the paged UE is camped in only one real cell but the paging message and the indication on the associated paging grouping ID has to be transmitted in a larger coverage. 
[bookmark: _GoBack]In NB-IOT, most of the UE, such as the meters, are stationary or with low mobility, the issue on above false paging alarm caused by UE mobility is not serious. However, for NR, there are typically various UE types including potentially high mobility UEs. This means that, in NR, as in figure.1, if any UE moving out of the initial paged cells is paged, it will lead to lots of UE in the same group and in more number of cells have to decode the unnecessary paging message, because the indication of the associated UE group ID is transmitted in a larger area for paging extension. From the view of UE power saving, it is a serious issue since NR UE is not restricted to stationary or low mobility UEs as in NB-IOT, RAN2 needs to determine whether this issue should be further studied for NR UE power saving. 


Figure.1 Paging area extension by UE moving.
Proposal2: Considering paging extension for mobile UEs, lots of UE in the same group and in more number of cells have to decode the unnecessary paging message since NR UE is not restricted to stationary or low mobility UEs as in NB-IOT, RAN2 needs to determine whether the false paging alarm caused by UE mobility should be further studied.
In NB-IOT, as in [4], the WUS for UE paging grouping has been agreed to be applied in the last used cell where UE had the last RRC connection, to a certain extent, this way could reduce the false paging alarm by mobile UE. Considering the UE mobility in NR is diffferent from the NB-IOT case, two ways are suggested for further discussion if above issue is approved. One way is to restrict the use of UE paging grouping to a dedicated area, another way is to consider the mobility based UE grouping, the specific method could be FFS.
Proposal3: Two way could be considered for the false paging alarm caused by NR UE moving: restrict the use of UE paging grouping to a dedicated area as in NB-IOT WUS, or consider the mobility-based UE grouping.
 
3. Conclusion
In this contribution, the issues on the paging grouping rule are discussed, we have the following proposals:
Proposal1: The paging probability-based grouping could be used to group UE for power saving and be combined with UE-ID based grouping as in LTE.
Proposal2: Considering paging extension for mobile UE, lots of UE in the same group and in more number of cells have to decode the unnecessary paging message since NR UE is not restricted to be stationary or with low mobility as in NB-IOT, RAN2 needs to determine whether the false paging alarm caused by UE mobility should be further studied.
Proposal3: Two way could be considered for the false paging alarm caused by NR UE moving: restrict the use of UE paging grouping to a dedicated area as in NB-IOT WUS, or consider the mobility-based UE grouping.
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