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Introduction
During the RAN2#113-e meeting [1], several UE grouping approaches were discussed, including the UE ID based grouping, the paging probability based grouping, the network assigned grouping, etc. Based on the discussion, it was concluded that the UE ID based enhancement is to be considered while other additional methods needs further justifications.
	There is support to have UE ID based enhancement
There is still significant interest to have other additional methods (but also some concerns). The approach to have a single mechanism that can take several aspects into account can be a way forward. There are still questions on the details, e.g. whether CN or RAN would provide a parameter. 



In this contribution, we discuss issues related to the UE grouping mechanism. 
Discussion
The UE grouping mechanism
The issue of paging false alarms was identified in Rel-16 and has been discussed in several meetings till now. The primary cause is that currently UEs monitoring the same PO receive the same paging DCI and would therefore all need to perform PDSCH reception. Only after decoding the paging message, can the individual UE finally determines whether the paging is addressed to itself. Hence, a straightforward solution is to separate UEs monitoring the same PO before the paging message reception on PDSCH.
Besides, in the RAN2#112-e meeting, it was concluded that UE grouping can be considered a candidate of paging enhancement. Based on all these previous discussions, we think a consensus can be reached to adopt the UE grouping mechanism in Rel-17. Therefore, we propose that RAN2 can confirm that UE grouping is to be specified.
	RAN2#112-e
Confirm that UE grouping is considered a candidate of paging enhancement for UE power saving



Proposal 1: The UE grouping mechanism is to be specified as a paging enhancement in Rel-17.
Additional information for grouping
According to previous meetings, there is support to have UE ID based solution. Besides, based on the email discussion [2], many companies support using UE ID based grouping as a baseline and additionally considering other dimensions for UE grouping, e.g. paging probability, UE power consumption profile, UE release, RRC State, mobility, etc. The UE ID based solution is the simplest one whose effectiveness however, may not be guaranteed due to the randomness of the UE identity information. Thus, we think other effective information for UE grouping can be combined to improve the effectiveness and power saving gain. But too many dimensions are not suggested to avoid the complexity of UE grouping.
Proposal 2: UE ID is considered as a grouping information. Other grouping information can be further discussed with considerations on effectiveness and complexity.
· Paging probability
One of the possible information is UE paging probability information (i.e. the probability that the UE is paged by the network) which was specified for NB-IoT and MTC in Rel-16. The device types and user habits can be diverse, for example, the paging probability for smart phones and wearable devices are different, or the paging probability for user during the working hours and spare time may be different. Considering that UEs with higher paging probability are more likely to cause false paging alarm to UEs with lower paging probability within the same PO, dividing UEs with similar paging probability into one group can reduce the false alarm rate. Besides, the LTE mechanism can be the baseline without too much standardization work.
The following table shows the power saving gain by using UE grouping based on UE ID information only and based on combination of UE ID and paging probability information. The power calculation is performed with the model in TR 38.840 [4]. 50 UEs are assumed in a cell, the lower paging probability is 0.1% and average of paging probability is 1%. Usually, in high SINR case, UE may use less SSBs (e.g. 1 SSB) for pre-sync; and in low SINR case, UE may use more SSBs (e.g. 3 SSBs) for pre-sync. It can be observed that with the increasing percentage of UE with lower paging probability, the power saving gain for UE grouping based on combination of UE ID and paging probability is higher than it for UE grouping based on UE ID only. Considering the number of RedCap UEs (such as massive industrial wireless sensor, surveillance cameras) may be much larger than the eMBB UEs, more power saving gains can be obtained based on combination of UE ID and paging probability.
Table 1 Power saving gain in case of UE using 1 SSB for T/F tracking
	Percentage of UE with lower paging probability
	Based on UE ID only
	Based on combination of UE ID and paging probability

	50%
	10.50%
	10.77%

	60%
	10.43%
	11.43%

	70%
	10.57%
	12.25%

	80%
	10.47%
	12.83%

	90%
	10.33%
	13.24%


Table 2 Power saving gain in case of UE using 3 SSB for T/F tracking (Low SINR)
	Percentage of UE with lower paging probability
	Based on UE ID only
	Based on combination of UE ID and paging probability

	50%
	20.30%
	20.83%

	60%
	20.17%
	22.10%

	70%
	20.38%
	23.64%

	80%
	20.20%
	24.76%

	90%
	19.87%
	25.43%


Proposal 3: The paging probability information can be considered to be combined with the UE ID information for UE grouping.
· RRC state
According to previous contributions and the discussion in [2], companies raised the issue of unnecessary RAN paging reception by the RRC_IDLE UEs. Considering that the RRC_INACTIVE UEs are general more likely to be paged than RRC_IDLE UEs, we think the mentioned issue exists and power saving gain for RRC_IDLE UEs can be achieved if such irrelevant paging receptions are avoided. Besides, considering that the number of RRC_IDLE UEs may be large, we think it is worthwhile to pursue such power saving gain since a large portion of UEs can get benefits. Specific analysis is given as follows.
Here, we assume the ‘traffic model’ in idle mode is as follows:
Table 3 Parameters of traffic mode in idle mode
	Parameter
	Notation

	The number of UEs sharing the same PO
	N

	The ratio of RRC_IDLE UEs
	x

	The ratio of RRC_INACTIVE UEs
	y (=1-x)

	The probability of CN paging
	p

	The probability of RAN paging
	q


With the above parameters, the probability of different types of paging on a PO can be derived by the following equations:
;
;

For analysis, two scenarios could be considered: light load and high load paging scenarios, where for light load N is set to 10 while for high load, i.e. there would be a large number of UEs within the TA, N can be set to 50. The value of (p, q) is set to (0.5%, 1.5%) and (0.8% and 1.2%) respectively. The ratio of idle UEs and inactive UEs (i.e., the value of (x, y)) is set to (70%, 30%) and (60%, 40%) respectively. Probabilities of different types of paging on a PO derived based on the above equations are given below in Table 4.
Table 4 Paging probabilities on a PO
	
	Paging type
	The value of (p, q):
(0.5%, 1.5%) vs. (0.8%, 1.2%)

	
	
	Ratio of idle and inactive UEs :

	
	
	Idle: x = 70%
Inactive: y = 30%
	Idle: x = 60%
Inactive: y = 40%

	Light load (N = 10)
	RAN paging only
	4.28% / 3.36%
	5.69% / 4.49%

	
	CN paging only
	3.30% / 5.27%
	2.79% / 4.48%

	
	Both CN and RAN paging
	0.15% / 0.19%
	0.17% / 0.22%

	
	Portion of RAN only paging in all paging types
	55.38% / 38.08%
	65.77% / 48.84%

	High load (N = 50)
	RAN paging only
	17.02% / 12.50%
	22.44% / 16.86%

	
	CN paging only
	12.83% / 20.45%
	10.32% / 16.82%

	
	Both CN and RAN paging
	3.26% / 4.06%
	3.64% / 4.59%

	
	Portion of RAN only paging in all paging types
	51.40% / 33.79%
	61.65% / 44.05%



As can be observed, the RAN-only paging accounts for a large part of the total received paging, which implies that RRC_IDLE UEs performs unnecessary RAN paging PDSCH reception at most of the time.
Generally, there can be two alternatives to realize the CN and RAN paging differentiation.
· Alternative 1
Based on the UE grouping mechanism, UE’s RRC state can be one possible information for grouping, i.e., dividing RRC_IDLE UEs and RRC_INACTIVE UEs into different UE sub-groups.
This approach can be combined with other grouping methods (e.g., UE ID) such that multiple groups can be assigned for each RRC state. For instance, the gNB can provide grouping parameters (e.g., the range of UE sub-group indexes) used by RRC_IDLE UEs and RRC_INACTIVE UEs respectively which ensure that different RRC state UEs are in different groups. In this case, the group indication in PEI or paging DCI would be sufficient. The RAN paging would only involve groups of RRC_INACTIVE UEs and is not going to wake up groups of RRC_IDLE UEs.
· Alternative 2
Apart from the RRC state based solution, another way which is not related to grouping is to introduce new information directly indicating the type of paging (i.e., CN and/or RAN initiated).
For instance, if the information indicating presence of only RAN paging or absence of CN paging is carried in PEI or paging DCI, then even though the RRC_IDLE UEs and RRC_INACTIVE UEs are in the same group, UEs can further decide whether to receive paging message based on the indication and their own RRC state, such that RRC_IDLE UEs can avoid paging reception when there is only RAN paging.
Alternative 1 is one type of UE grouping methods, which is easy to be combined with other grouping methods. This solution can be flexible since the group division for RRC_IDLE UEs and RRC_INACTIVE UEs can be adjusted by the gNB when necessary, but the number of groups assigned for each RRC state may be slightly impacted if the total number of groups is very limited.
Alternative 2 is simple and straightforward for RRC_IDLE UEs to avoid RAN paging reception, which is decoupled with the UE grouping mechanism and can work alone, but at least a 1-bit indication is needed to be added in PEI or paging DCI. Considering that the gNB is aware of the paging type and available bits in PEI/WUS or paging DCI are not very limited, we think this solution is easy to implement and the impact is relatively small.
Proposal 4: Consider paging enhancements for reducing unnecessary RAN paging reception by RRC_IDLE UEs. Possible approaches include:
· Dividing RRC_IDLE UEs and RRC_INACTIVE UEs into different UE sub-groups.
· Introducing new information in PEI or paging DCI to indicate the type of paging (i.e., CN and/or RAN initiated).
General consideration on realization of grouping
Considering that the majority of companies support the UE ID based grouping and there was consensus to adopt this approach as a baseline, some general aspects on how to realize the UE grouping can be investigated first.
One basic issue is whether the UE groups remain unchanged in one cell and whether the number of UE groups is fixed and the same in each cell. In our view, the groups should be variable based on the real-time situation in the network. In practice, it is likely that the number of UEs in cells deployed in different areas is diverse (e.g., cells in urban area and suburbs), thus the number of UE groups can be different. Besides, even in one cell, depending on the paging false alarm situation, the UE groups may also need to be adjusted for achieving better power saving gain. If UEs can be assigned to sub-groups properly, the overall paging false alarm rate can be reduced.
Proposal 5: UE groups should be adjustable based on the practical situation in the network for achieving optimized performance.
Which entity to group UEs
Determining which entity is responsible for grouping UEs is another key issue which was mentioned during the last meeting. Basically, it should be the network that controls the UE grouping based paging mechanism since paging is initiated by the network. Further, there are generally two network entities involved (the RAN and the CN). We give analysis accordingly.
· CN
CN, more specifically AMF, is the network entity that initiates CN paging. Hence a potential approach is to let the AMF be in charge of UE grouping. As illustrated in Fig.1, the AMF decides UE’s group based on grouping assistance information from the UE if available and then sends the UE group information to the gNB or UE when necessary.
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Fig.1 AMF determines UE groups
This solution could be feasible but may have certain drawbacks. First, the RAN paging case needs more consideration, since this type of paging is initiated by gNB rather than AMF. Whether or how the AMF can perform optimized UE grouping for RAN paging remains unclear. Besides, this solution also introduces new behaviour in CN and cooperation with other WGs will be needed.
Observation 1: CN is capable of grouping UEs but it is not clear whether the CN can perform optimized UE grouping for RRC_INACTIVE UEs and this involves CN operations/procedures, which may require a lot of work in CT or SA.
· RAN
RAN, more specifically gNB, is the other candidate for grouping UEs. The gNB is the entity that directly transmits paging indication to the UE regardless of whether the paging is initiated by CN or RAN. Consequently, it is a more straightforward solution for the gNB to be responsible for UE grouping given that the gNB has sufficient paging relevant information.
A potential procedure is presented in Fig.2 as an example. Similar to the current procedure for coordinating UE specific I-DRX cycle, the UE could provide grouping assistance information to the AMF. Accordingly, the AMF maintains the UE specific information and transfers it to the gNB when necessary. Then the gNB can determine UE groups and sends the UE group information to the UE. 
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Fig.2 gNB determines UE groups
Observation 2: RAN is the entity that directly transmits paging information to the UE and capable of grouping UEs based on assistance information from UE or CN.
As analysed above, there can be two general directions for UE grouping (i.e., the CN-based and the RAN-based). Comparing the two alternatives, we think the RAN-based approach is more straightforward with less CN impact, which could be prioritized for further study.
Proposal 6: RAN is responsible for grouping UEs.
Conclusion
[bookmark: OLE_LINK3]In this paper we discuss the UE grouping mechanism and investigate other paging enhancements. Observations and proposals are summarized as below.
Proposal 1: The UE grouping mechanism is to be specified as a paging enhancement in Rel-17.
Proposal 2: UE ID is considered as a grouping information. Other grouping information can be further discussed with considerations on effectiveness and complexity.
Proposal 3: The paging probability information can be considered to be combined with the UE ID information for UE grouping.
Proposal 4: Consider paging enhancements for reducing unnecessary RAN paging reception by RRC_IDLE UEs. Possible approaches include:
· Dividing RRC_IDLE UEs and RRC_INACTIVE UEs into different UE sub-groups.
· Introducing new information in PEI or paging DCI to indicate the type of paging (i.e., CN and/or RAN initiated).
Proposal 5: UE groups should be adjustable based on the practical situation in the network for achieving optimized performance.
Observation 1: CN is capable of grouping UEs but it is not clear whether the CN can perform optimized UE grouping for RRC_INACTIVE UEs and this involves CN operations/procedures, which may require a lot of work in CT or SA.
Observation 2: RAN is the entity that directly transmits paging information to the UE and capable of grouping UEs based on assistance information from UE or CN.
Proposal 6: RAN is responsible for grouping UEs.
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