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In RAN2#112e meeting, the following agreements for paging enhancement are achieved:

· 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.
In this contribution, we will analyze PEI and paging DCI for UE subgroup and subgroup determination.
2 Discussion
2.1 Analysis of subgroup schemes
1. Paging early indication
The power consumption of paging includes SSB monitoring, PO monitoring, PDSCH reception and the light sleep during this process. From this point of the view, if paging early indication (PEI) can skip the most of power consumption including SSB, the power saving gain would be considerable. Therefore using PEI to carry subgroup information can be further studied.
Observation 1: Using PEI to carry subgroup information can get considerable power saving gain. 
UE is out of synchronization from network after a long deep sleep and SSB is used for synchronization so that UE can decode PDCCH and PDSCH. However UE might require 1 SSB in high SINR and multiple SSBs in low SINR. It means that the appropriate offset of PEI with respect to the SSB period can skip some SSBs and go to sleep early to get more power saving gain if there is no paging sent, as figure 1 shows. Therefore the offset of PEI should be considered in relation to the period of SSB (e.g. N*SSB period).


Fig 1 the relationship between PEI offset and SSB period
Proposal 1: The offset of PEI should be set in relation to the period of SSB.
How many SSBs are required for synchronization is mainly based on the signal quality. As UE does not know the signal quality it has after a long deep sleep, UE is always required to wake up at the SSB with minimum requirement for synchronization (i.e. SSB requirement in low SINR) no matter how SINR UE has, as shown in Fig 2. Therefore UEs in high SINR and in low SINR can both use a PEI with the same offset. It means that PEI can be a cell specific configuration via broadcast.


Fig 2 the relationship between PEI offset and SINR
Proposal 2: PEI can be a cell specific configuration no matter how SINR UE has.
For UE capability, it is noticed that in LTE NB-IoT/MTC, the offset of WUS is determined based on UE reported MinGap-eDRX and offset broadcasted. The reason is that the reception of WUS and PO require different transceiver capability. When UE detect WUS, it take some time to warm up the transceiver to receive PO. And there is no UE capability reporting for MinGap if DRX is used (i.e. the MinGap between WUS and PO is fixed as 40ms). However for NR eMBB and RedCap UE, whether this mechanism can still be applied needs to be further studied especially by RAN1/RAN4.
2. Paging DCI for subgroup
As we analysed before [1], paging DCI based subgroup is a simple and straightforward way. However it still requires UE to monitor paging DCI anyway, and the reduced power consumption only comes from PDSCH decoding thus leading to the limited power saving gain.
Observation 2: The power saving gain from paging DCI based subgroup is limited.
If we agree to introduce paging DCI for subgroup, there are two ways to carry subgroup information in paging DCI, short message and scheduling information. And we do not prefer to carry subgroup information in short message (i.e. subgroup information defined in TS 38.331) as short message is used for common information. Therefore it is better to carry subgroup information in scheduling information reserved bits and it is up to RAN1 to make the decision.
Proposal 3: It is better to carry subgroup information in scheduling information reserved bits.
2.2 Subgroup determination
In email discussion [2], some schemes for subgroup determination were discussed. We think UE_ID which is a simple way should be a baseline, and if other schemes are desired to be introduced, it should be combined with UE_ID.
It is our understanding that paging probability based subgroup not only aims to fairness but also can reduce false alarm from all UEs perspective (maybe some UEs false alarm might be increased, but it still can reduce the total false alarm in system). Moreover, if the probability of UE varies widely (e.g. IDLE UE and INACTIVE UE, normal UE and RedCap UE etc.), this scheme can get better performance.
However, according to RAN1 simulation results [3], the power saving gain from subgroup is marginal compared to PEI. So we also accept the simple scheme which only uses UE_ID to achieve subgroup. And the formula shows below for instance.
SFN mod T = (T div N) * (UE_ID mod N)
i_s = floor (UE_ID / N) mod Ns
index_group = floor (UE_ID / (N * Ns)) mod Ng
The first two formulas are still used to calculate the PO according to TS 38.304 [4], and the last formula is for the UE subgroup. This way can effectively prevent UEs within the same PO from always being assigned to the same subgroup. Where Ng is the number of subgroups and index_group is the index of UE corresponding subgroup which is mapped to PEI or paging DCI bits.
Proposal 4: Subgroup determination should be designed as simple as possible considering the power saving gain from subgroup is marginal.
2.3 Other issues
According to current PO calculation, IDLE UE and INACTIVE UE can be assigned into a same PO. IDLE UE is required to receive CN paging and INACTIVE UE is required to receive RAN paging and CN paging. And RAN paging for INACTIVE UE is more frequent than CN paging. If network just only send RAN paging, it would cause false alarm for IDLE UE.
From the point of view, it can be enhanced in the information carried. For example, adding bits in PEI or paging DCI to indicate the paging type. However here is a concern that if additional bits is used to distinguish RAN paging from CN paging. Since the subgroup is based on UE_ID firstly, then subsequently subgroup based on UE RRC status is conveyed thus leading to two layers subgrouping which increase the complexity (e.g. additional bit would be carried in every subgroup based on UE_ID). Meanwhile only the IDLE UE can benefit from it. We are not sure of the power saving gain. Therefore we are open for this enhancement.
Proposal 5: For RAN/CN paging, it can be considered to enhance in the information carried if this enhancement can get more power saving gain.
3 Conclusions
Based on the discussion, our observations and proposals are provided as follows: 
Observation 1: Using PEI to carry subgroup information can get considerable power saving gain. 
Observation 2: The power saving gain from paging DCI based subgroup is limited.
Proposal 1: The offset of PEI should be set in relation to the period of SSB.
Proposal 2: PEI can be a cell specific configuration no matter how SINR UE has.
Proposal 3: It is better to carry subgroup information in scheduling information reserved bits.
Proposal 4: Subgroup determination should be designed as simple as possible considering the power saving gain from subgroup is marginal.
Proposal 5: For RAN/CN paging, it can be considered to enhance in the information carried if this enhancement can get more power saving gain.
4 References
[1] R2-2008952 Discussion on paging enhancement Xiaomi Communication
[2] [Post112-e][064][Pow17] Paging subgroup determination (Intel)
[3] RAN1#103e report
[4] TS 38.304 User Equipment (UE) procedures in Idle mode and RRC Inactive state
R2-2100390
image2.emf
:SSB

:PO

:PEI

Low SINR

High SINR

Wake up

Wake up


Microsoft_Visio___1.vsdx
:SSB
:PO
:PEI
Low SINR
High SINR
Wake up
Wake up



image1.emf
Offset = 20 ms

Offset = 40 ms

T_SSB = 10 ms

T_SSB = 20 ms

:SSB

:PO

:PEI


Microsoft_Visio___.vsdx
Offset = 20 ms
Offset = 40 ms
T_SSB = 10 ms
T_SSB = 20 ms
:SSB
:PO
:PEI



