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Introduction
Regarding the paging subgrouping, RAN2 agreed followings in the previous meetings.
	RAN2#112 e-meeting
· We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging probability as EUTRA, possibly with additional randomization)


In this contribution, we discuss the UE subgrouping based on the previous discussion and decisions so far.
Discussion
Paging subgroup identifier
If the paging subgroup ID is determined and assigned by network, it cannot be updated while UE is in RRC_IDLE/INACTIVE. Whenever the serving cell is changed, the paging subgroup ID assigned by network may need to be updated to reflect the condition of the new serving cell. However, considering that the purpose of introducing the paging subgrouping is to reduce UE power consumption in RRC_IDLE/INACTIVE, it is obvious that the UE should not be required to establish RRC connection to update the paging subgroup ID. 
Proposal 1
UE is not required to establish RRC connection to update the paging subgroup ID. 
If the assigned paging subgroup ID is valid only within a configured area, i.e. group of cells, this means that the UE cannot enjoy the benefit of the paging subgrouping after moving outside the valid area. It should be noted that if the paging subgroup ID is derived by UE, the subgrouping will be always available. Therefore, the paging subgroup ID assigned by network should be valid until the UE establishes RRC connection, e.g. for TA update.
Proposal 2
UE considers the paging subgroup ID assigned by network as valid until it is explicitly released/updated by network.

While UE is in RRC_INACTIVE, the UE should be able to receive CN paging also just in case state mismatch occurs between UE and network, i.e. the network thinks UE in RRC_INACTIVE is in RRC_IDLE. Therefore the same paging subgroup should be used in RRC_IDLE and RRC_INACTIVE.

Proposal 3
The same paging subgroup ID is used in RRC_IDLE and RRC_INACTIVE. 
Two options can be considered to implement the network assigned subgrouping depending on which network node determines the paging subgroup ID.

· Option 1: The paging subgroup ID is determined by CN and provided via NAS message.

· Option 2: The paging subgroup ID is determined by RAN node and provided via RRC message

As mentioned above, the paging subgroup ID cannot be updated per cell and should be valid across many neighbouring cells, e.g. all cells within a tracking area, so there is no reason for RAN node to get involve in the determination of the paging subgroup ID, and CN seems suitable to apply the same subgroup ID across a huge number of cells.
Proposal 4
The paging subgroup ID is assigned by CN and configured via NAS message. 
If any UE characteristics other than UE ID is used in the determination of the paging subgroup, the intention of them is to configure longer paging cycle to UEs have a certain characteristic, e.g. high power sensitivity, to reduce the power consumption. That is, the power saving can be achieved at the cost of paging delay. However, having a low paging probability doesn’t mean the UE is delay tolerant for paging, and the paging periodicity longer than the current maximum value should not be allowed to be configured to NR UEs.
Proposal 5
Do not support any additional UE reporting to assist network in determining of paging subgroup ID in R17. 
Paging subgroup indication
According to the conclusions of the previous RAN2 meeting, the surviving candidates for paging enhancements are as follows:

· Solution 1: paging indication for UE subgrouping using paging DCI
· Solution 2: paging early indication or wake-up signal (WUS) for UE subgroups
· Solution 3: cross-slot scheduling of paging for UE subgroups
From RAN2 perspective, it is not main concern whether the information for UE grouping is delivered in sequence form or DCI form in physical layer. Our concern is the expected power saving gain and the impact on RAN2 spec of each solution. It is purely RAN1’s responsibility to decide whether to go for a WUS based or DCI based solution. So, rather than trying to select the final solution in RAN2, it would be better to provide useful consideration from RAN2 perspective to RAN1 so that RAN1 can take into account it in their works. 

All solutions allow UE to skip the following PDSCH decoding when the paging indication for its group is not detected, and it would be helpful to reduce the false alarm. The difference between solution 1 and 2 is that UE acquires the grouping information within the paging occasion in solution 1 while the solution 2 allows UE to receive the grouping information before paging occasion.

If the paging indication for UE grouping is sent in paging DCI, the power saving gain is very limited as it requires decoding paging PDCCH. Furthermore, if PDCCH and PDSCH are sent in the same slot, UE will receive the both paging DCI and the potential paging message in the same slot at one time, so in this case, the expected power saving gain is just PDSCH processing power. 
On the contrary, if IE can know that it is not to be paged by PEI/WUS, it can skip not only the PDCCH/PDSCH reception, but also the pre-synchronization step before the paging occasion. Even though the paging DCI is used, if the PDCCH including the DCI and the corresponding PDSCH can be scheduled in different slot with sufficient gap, it can save the power as much as PEI/WUS.

In conclusion, if the grouping information is transmitted in any form before the paging occasion, UE can fall into a deep sleep when the paging indication for its group is not detected. Therefore, as the first requirement of the paging indication, we propose that the paging indication for UE grouping should be transmitted before paging occasion.
Proposal 6
The paging indication for UE grouping is transmitted before paging occasion.
One of main difference between WUS and DCI is the information-carrying capacity. WUS is just a short sequence so the amount of information that can be contained in WUS is much smaller than DCI form. In WUS based solution, the maximum number of UE groups that a PO can have would be limited, and the network could not adjust the UE group number according to the paging load which is not feasible. Therefore, in choosing the final solution, we need to define how much information needs to be included in the paging indication. If the amount of required information is too large to be contained in the WUS like sequence, DCI like signal would be required. 

The intended UE behaviour in proposal 1 is that the UE not paged doesn’t turn on the receiver for an entire paging occasion. This means that the UE doesn’t try to receive even short message as well as potential paging message. Therefore, if the paging indication for power saving is transmitted before the paging occasion, all information in the existing paging DCI should be included in the power saving signal.
Proposal 7
The paging indication for UE grouping also includes all information in short message, i.e. systemInfoModification, etwsAndCmasIndication and stopPagingMonitoring.
Proposal 8
If proposal 6 and/or 7 is acceptable to RAN2, send an LS to ask RAN1 to take into account RAN2 agreements in their works. 
Conclusion

Proposal 1
UE is not required to establish RRC connection to update the paging subgroup ID. 
Proposal 2
UE considers the paging subgroup ID assigned by network as valid until it is explicitly released/updated by network.

Proposal 3
The same paging subgroup ID is used in RRC_IDLE and RRC_INACTIVE. 
Proposal 4
The paging subgroup ID is assigned by CN and configured via NAS message. 
Proposal 5
Do not support any additional UE reporting to assist network in determining of paging subgroup ID in R17. 
Proposal 6
The paging indication for UE grouping is transmitted before paging occasion.
Proposal 7
The paging indication for UE grouping also includes all information in short message, i.e. systemInfoModification, etwsAndCmasIndication and stopPagingMonitoring.
Proposal 8
If proposal 6 and/or 7 is acceptable to RAN2, send an LS to ask RAN1 to take into account RAN2 agreements in their works. [image: image1.png]
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