3GPP TSG-RAN WG2 Meeting #113 electronic
                                                                     R2-2101887
Agenda item:
8.9.2
Source:
CMCC
Title:
Considerations on UE paging enhancement
Document for:
Discussion, Decision
1 Introduction
In last RAN2#112-e meeting, RAN2 confirm that RAN2 would decide the solution for indicating paging for UE subgroups based on RAN1 evaluation results of candidate solutions. And RAN1 provides the information regarding paging enhancement in the LS[1].

Besides, RAN2 had confirmed that UE grouping is considered a candidate of paging enhancement for UE power saving and decided to continue the discussion on the grouping in following email discussion [2]:
· [Post112-e][064][Pow17] Paging subgroup determination (Intel)


Scope: For how to determine which paging subgroup a UE belongs to, several methods have been proposed, applying hash based on UE-ID similar to today, take into account paging probability, power consumption sensitivity etc. Objective to pave the way for agreements next meeting. Quantitative analysis argumentation is allowed (this is RAN2 scope). 


Intended outcome: Report


Deadline: Long

During the email discussion, Power Consumption profile based UE subgrouping and UE-ID based grouping are proposed as candidate methods without detailed discussion. 
This contribution will discuss the potential solution for indicating paging for UE subgroups from RAN2 perspective based on the LS and provide more detailed discussions for power consumption profile based grouping and UE-ID based grouping.
2 Discussion 
2.1.1   Paging enhancement method 
In the LS[1], RAN1 provided the evaluation results of different paging enhancement methods like paging early indication without UE grouping, UE grouping indication within a PO, UE grouping indication carried in paging early indication, cross-slot scheduling. As can be seen from the LS, the power saving gain of PEI is up to 40% which is much higher than that of the UE grouping indication within a PO and cross-slot scheduling. Furthermore, it is informed that “For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective”. To have higher power saving gain, PEI should be chosen as the solution for indicating paging for UE subgroups.
Therefore, we propose that:
Proposal 1: RAN2 is kindly asked to choose the PEI as the solution for indicating paging for UE subgroups.
2.1.2   Power Consumption profile based UE subgrouping 
In the last meeting, it was confirmed that UE grouping is considered a candidate of paging enhancement for UE power saving. During the email discussion [1], several grouping methods (e.g. UE ID based grouping, Paging probability based grouping, UE power consumption profile based grouping…)  in various contributions were discussed. 
For the UE-ID based grouping, almost all the companies agree that this method can be the baseline for reducing false alarm in Rel-17. Though, one company (Intel) mentioned that UE-ID based subgrouping is just a ‘blind’ split that does not consider any other UE specific information. But this comment is worth to be noticed since Rel-17 paging enhancement should be not be limited in reducing the false alarm without UE specific information. And this is also mention by Huawei in the Post111-e email discussion, “using UE ID for grouping is just a pure randomization, other more effective information should not be excluded”.

Observation 1: UE-ID based grouping is just a pure randomization without UE specific information.
UE power consumption profile based grouping was discussed as a potential method with power consumption sensitivity (PCS) grouping. One of the enhancements for Rel-17 Power saving WI lies in the idle/inactive-mode power consumption in NR SA deployments, considering both eMBB UEs and Reduced Capability NR Devices. Thus, power condition of the UE, such as Power Consumption Sensitivity (PCS), is naturally one of the most important factors to be considered when subgrouping UEs.

Observation 2: UE assistance information like Power Consumption Sensitivity (PCS) is naturally one of the most important factors to be considered when subgrouping UEs.

Most companies understand the intention of the proposed solution, but some doubt the benefits. As stated in the email discussion, the initial intention of UE power consumption profile based grouping method is to reduce the false alarm for the power sensitive UEs. By indicating whether power consumption sensitive UEs are paged, the “false alarm” rate of UEs that quite sensitive to power consumption could be reduced a lot. To be more specific, the power-sensitive UEs could be indicated in PEI/WUS/PDCCH that they can skip reading following Paging PDCCH and/or PDSCH to reduce false alarm. This method works whatever indicator (PEI, DCI, ...) is employed. 
Furthermore, paging probability based grouping and Power consumption profile based grouping work together without contradiction. To better understand the combined grouping method, one example for this combination is given below by indicating the grouping by PEI as shown in figure 1. In terms of power consumption profiles, PCS level 1 means UE is quite sensitive to power consumption, PCS level 2 means UE is non-sensitive to power consumption. In terms of paging probability, three paging probability levels are considered: level 1 for more than 80%, level 2 for 10%~80%, level 3 for less than 10%. In this case, UEs in subgroup #3 are power sensitive and rarely paged whose false alarm should be particularly reduced.
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           Figure 1. Power consumption profile based grouping with PEI
If the field #4 is set to be 1 and indications for other groups are all set to be 0, this PEI indicates that only UEs with PCS level 2 and paging pro. level 3 should monitor the following Paging PDCCH. So that power saving for other kind of UEs can be achieved. Especially, the power sensitive and rarely paged UEs in subgroup #3 could skip reading following Paging PDCCH. To provide UE-centric service, it is important to reduce the false alarm for these UEs whose power saving requirements are much higher.
Observation 3: Power consumption profile based grouping method can reduce the false alarm for the power sensitive UEs and is benefit to provide UE-centric service.
Observation 4: The combination reduces the false alarm for the power sensitive UEs with low paging probability since the grouping refers to both paging probability and PCS.
Another concern brought by some companies is how to ensure the reliability of the PCS level. For PCS level determination, the NW can subgrouping UEs based on the information reported by UE, e.g. its available battery, or the device type (Redcap UE, smart phone…). Similar to the other UE assistance information introduced in Rel-16, if the UE provided the PCS information, the network takes it into account when subgrouping UEs and sending the determined PCS level. 
As stated by MTK the reliability can be ensured with the penalty mechanism. In the current paging mechanism, it is up to network implement when to paging one UE, i.e. gNB may delay the paging for one specific UE based on the traffic type. This means that the power-sensitive UE may reduce its power consumption at the expense of paging delay.
Observation 5: PCS is used as the UE assistance information to assist the NW in grouping UEs. Penalty mechanism can ensure the reliability of the UE reported PCS. 
Following figure 2 shows one example of the basic working procedure of the PCS subgrouping method:
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           Figure 2. working procedure of PCS subgrouping method
1. UE reports its PCS information (e.g. it is power consumption sensitive, or, its detailed PCS level) to the AMF or gNB, during the procedure of Attach request or TAU request. Also, UE could update its PCS information during TAU procedure.

2. If the PCS is reported to AMF, AMF informs gNB about the PCS information of the UE.

3. gNB informs UE the subgrouping information of this paging message, e.g. whether power consumption sensitive UEs are paged, or, PCS levels of the paged UEs, by paging early indication or wake-up signal (WUS), or paging DCI.
4. UE decides whether it potentially be paged by checking the indication information in step3. For power consumption UE, only when potentially be paged, it will monitor the following PO(s) or receive PDSCH to check whether itself is paged.
Therefore, we propose that:
Proposal 2: RAN2 is kindly asked to have the power consumption profile based subgrouping mechanism as the candidate method for idle/inactive-mode UE group paging.
2.1.3   UE ID based grouping method

UE ID based grouping is supported in Rel-16 NB-IoT/eMTC and can also be used in NR. To realize the biggest power saving gain of UE ID based grouping in NR, one FFS issue is how to guarantee the uniform distribution of UEs in each sub-group, i.e., the number of UEs in each sub-group is the same. 

In the current paging design, UE ID is used to calculate PF and PO. UEs are divided into different POs according to the formula in TS 38.304 as following, 
SFN for the PF is determined by:

(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)

Index (i_s), indicating the index of the PO is determined by:

i_s = floor (UE_ID/N) mod Ns

It can be observed that, for UEs with the same calculated PO, the difference among their UE_IDs is an integer multiple of N*Ns, i.e., UEs with UE_ID#1, UE_ID#1+N*Ns, UE_ID#1+2*N*Ns… monitoring the same PO. 
There are L sub-groups in one PO or PEI can indicate L sub-groups. Based on the conclusion above that the difference among UE_IDs in one PO is an integer multiple of N*Ns, the sub-group index for a UE can be calculated as floor[UE_ID/(N*Ns)] mod L to realize the uniform distribution. 
Proposal 3: UE ID based grouping can be supported and the sub-group index for a UE can be calculated as floor[UE_ID/(N*Ns)] mod L, where L is the number of UE sub-groups in one PO or the number of UE sub-groups indicated by one PEI.
3 Conclusions
In this contribution, we addressed the questions raised in the email discussion for Power consumption profile based grouping method and the basic working procedure, and made following observations and proposal:
Proposal 1: RAN2 is kindly asked to choose the PEI as the solution for indicating paging for UE subgroups.

Observation 1: UE-ID based grouping is just a pure randomization without UE specific information.

Observation 2: UE assistance information like Power Consumption Sensitivity (PCS) is naturally one of the most important factors to be considered when subgrouping UEs.
Observation 3: Power consumption profile based grouping method can reduce the false alarm for the power sensitive UEs and is benefit to provide UE-centric service.
Observation 4: The combination both reduces the false alarm for the rarely paged UEs and the power sensitive UEs since the grouping refers to both paging probability and PCS.

Observation 5: Penalty mechanism can ensure the reliability of the UE reported PCS and this UE assistance information is used to assist the NW. 
Proposal 2: RAN2 is kindly asked to have the power consumption profile based subgrouping mechanism as the candidate method for idle/inactive-mode UE group paging.

Proposal 3: UE ID based grouping can be supported and the sub-group index for a UE can be calculated as floor[UE_ID/(N*Ns)] mod L, where L is the number of UE sub-groups in one PO or the number of UE sub-groups indicated by one PEI.
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