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1 Introduction

CB: # 6_UEPowerSaving
- Leverage on the principle of E-UTRA WUS being used in the last served cell ID to be used in NR as well? The WUS Assistance Information IE is reused to express the above categories but the AMF signals in advance to the RAN in the NG Setup Response message the subset of codepoints of the WUS Assistance Information IE intended to be used?

- How to derive UE characteristic of each subgroup among AMF, gNB/gNB-CU, and gNB-DU in order to generate PEI configuration?

- Waiting for the further agreements from other WGs, e.g. whether gNB provides some assistance information to CN?

- Reply LS to RAN2
(Nok - moderator)
[NWM] Summary of offline disc in R3-214138
2 For the Chairman’s Notes

Propose the following: 

Agree that some subgroup information should be sent over NG and F1

Agree to send an LS to RAN to be added to the UE Power Saving WID with appropriate TU(s) to cover RAN3 work 
To be continued: (to structure the work at next RAN3)
Whether to use a one-step or two-steps mapping approach 

Whether synchronization is needed between DU and AMF
Whether some subgroup information should be sent over Xn (e.g. RAN Paging message)

Whether there is RAN3 impact due to using randomization by UE IDs

Whether to restrict to last serving cell (e.g. like was for CIOT GWUS)

Whether we need assistance information from RAN to CN (e.g. RRC Inactive statistics to be combined with idle statistics in AMF).

3 Discussion

At this RAN3#113 meeting, the following LS on the Paging Subgrouping was received from RAN2 [1]. 

	RAN2 discussed ways to group UEs sharing a paging occasion into multiple subgroups, as a means to reduce paging false alarm, thereby leading to additional UE power savings. 

RAN2 made the following agreements in RAN2#113bis-e:

We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)

If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID). 

RAN2 made the following agreements in RAN2#114-e:

The following is supported:

CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics

Use same UE subgroups when in RRC_IDLE and RRC_INACTIVE

2. Actions:

To RAN3, SA2, and CT1:

RAN2 respectfully asks RAN3, SA2, and CT1 to take the above information into account for their future work.



This SOD investigates the foreseen RAN3 impacts and possible way forward.

3.1 RRC Idle

Q1: Do you agree that CN should include some Subgroup information* in NG Paging message?

NOTE*: some Subgroup information is intentionally vague at this stage. It means any information enabling identification of a subgroup either directly or indirectly.

	Company
	Comment

	Nokia
	 Yes.

	Qualcomm
	Yes

	Ericsson
	Yes

	Huawei
	Yes

	ZTE
	Yes

	CATT
	Yes 

	Samsung 
	Yes

	Vodafone
	yes


Q2: Do you agree that CU should include some Subgroup information in F1 Paging message e.g. to help the DU to decide the PEI (Paging Early Indication) signal?

	Company
	Comment

	Nokia
	 Yes

	Qualcomm
	In principle yes, this looks like it would be needed, but can consider it once other aspects are stable

	Ericsson
	Yes

	Huawei
	Yes

	ZTE
	Yes

	CATT
	Yes 

	Samsung 
	Yes 

	Vodafone
	Yes (but I expect that the CU does the processing on “last used cell” criteria and only sends the result to the DU)


As explained in tdoc R3-213428 there can be two types of solutions:

· Solutions of type 1: One step subgrouping: the CN directly indicates in the NG Paging message the subgroup that the RAN node should use for paging the UE (CN also tells the same to the UE before).

· Solutions of type 2: Two-steps mapping: similar as CIOT
 GWUS before, the CN first partitions the UEs into “categories” (in CIOT GWUS the categories translated into paging probabilities) which it sends to RAN in NG Paging and to UE over NAS. There is subsequently a different mapping between “categories” and paging subgroups which each RAN node can flexibly adapt.  

One advantage of option 2 is that it can avoid the issue of UE moving from one region to another where subgroups (or group sets as per RAN2 terminology for CIOT GWUS) are different (see issue described in R3-213640).

Q3: which type of solutions you think should be considered according to you, type 1 or type 2?

	Company
	Comment

	Nokia
	 Type 2 is more flexible for the reasons explained above.

	Qualcomm
	Probably Type 2, but not clear this is RAN3’s decision

	Ericsson
	Agree with Nokia. 
We would like to point out that for RRC Inactive state, the CN cannot determine any probability from historical user plane activity to provide the grouping. So obviously Type 1 cannot work and any grouping using statistics can only be done by gNB.

	Huawei
	Type 2 is preferred. Agree with Nokia. 



	ZTE
	We see the benefits of type2, but this also need RAN2's decision.  We can send a LS on RAN3 agreements/WAs to RAN2, and wait the reply for further progress.

	CATT
	It should be discussed in RAN2. We can wait for their agreements.

	Samsung 
	We can see the feasibility of option 2. However, we are not sure if such conclusion can be made at this moment since this is related to the design of the subgrouping information. 

	Vodafone
	OK to copy LTE concepts (which seems to be type 2)


Q4: in case you prefer type 1, how would you express the “paging subgroup” over NG?

	Company
	Comment

	Nokia
	 N/A

	
	

	
	


In case you prefer type 2 (same as former CIOT GWUS) tdoc R3-213428 proposes that CN expresses the “categories” as “paging probabilities”, therefore similar to CIOT but possibly restricting the range of probabilities used to be less than 21 (for CIOT GWUS up to 21 probabilities were possible- 0 to 100% by steps of 5%). 

Q5: Are you ok with ideas similar to the above-described or how would you express these “categories” over NG in a 2-steps approach?

	Company
	Comment

	Nokia
	 Ok to express with paging probabilities. FFS on detailed encoding e.g. to restrict the number of categories to less than 21. 

	Qualcomm
	Ideally, we should receive whatever CN has. Hence the details are FFS and not in RAN3 scope. Let’s stick to the wise note under Q1.

	Ericsson
	At this stage, this is pure speculation, but it could be expressed as group of categories instead of paging probabilities, e.g.: Low PP, medium low PP, medium High PP, high PP… etc.

	Huawei
	We agree the intention, the paging probabilities used in LTE can be considered. And we can consider to define a new WUS Assistance Information with less than 21 categories. These stage 3 details can be discussed later.

	ZTE
	Agree with Qualcomm.

	CATT
	Depends on other WGs. I am not sure we should follow the current WUS design.

	Samsung
	Wait for progress in other WGs 

	Vodafone
	Some analysis of mobile terminating event statistics would be useful as we expect that the values used in LTE are unlikely to be optimal. While the QC comment on Q1 is valid, this analysis should start soon.


In order to determine the suitable PEI configuration for each subgroup, the DU needs to know the UE characteristics corresponding to a subgroup. Tdoc R3-213697 explains that some synchronization between DU and AMF is to be done so that the algorithm for UE-Subgroup mapping done at AMF is consistent with the algorithm for subgroup – PEI configuration mapping done at DU.  

Q6: Tdoc R3-213697 proposes several options for this synchronizaton. Which one you think relevant?

	Company
	Comment

	Nokia
	 In a 2-steps approach, where the “categories” are expressed as “paging probabilities”, this question does not arise as each RAN OAM can independently figure out what is the best number of subgroups (or group sets) in a RAN node and how many paging probabilities map to any of such paging subgroups.

	Qualcomm
	Can wait to see rest of solution in RAN2 etc, but generally expect this mapping not to have direct RAN3 impacts (basically OAM).

	Ericsson
	We should consider the benefits of PEI synchronization when the network nodes are coming from different vendors. 

	Huawei
	On F1 impact, this may be dependent on the RAN2 discussion, e.g. which layer decides the PEI configuration. In addition to that, currently we think the PEI configuration for each subgroup, could rely on the OAM. 

	ZTE
	We prefer OAM based solution.

	CATT
	The question is how the subgroup determination at AMF is aligned with the PEI of each subgroup. If we agree two step mapping, the subgroup should be finial decided by RAN. The subgroup principle can be set by OAM e.g., probability.

	Samsung 
	We may not be able to make any decision until further progress is made in other WGs. 

For OAM based method, we may need take the inter-vendor case into account. Specifically, the PEI configuration is linked with the subgrouping method applied. If PEI configuration and subgrouping are implemented at different entities, it may have problem.

In summary, we prefer to take this as one of open issues. 


RAN2 agreed: “If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID).” 

For this randomization by UE IDs, the UE does not receive the subgroup information from CN so that it determines its subgroup based on randomization of UE-ID. To achieve this, the UE should know the total number of subgroups as explained in 3697. 

Q7: Do you see any RAN3 impacts related to this randomization by UE IDs ?
	Company
	Comment

	Nokia
	 In the 2 -step approach, we assume that number of subgroups (or group sets) and mapping between (range of) paging probabilities and subgroup is broadcast. No RAN3 impact. 

	Qualcomm
	Regardless of whether UE ID or some other criteria is used (outside of RAN3), we don’t expect different RAN3 impact at the moment. But this can be kept under review once there is convergence in other WGs.

	Ericsson
	Seems outside of RAN3 scope. Can be checked later, if needed

	Huawei
	So far RAN3 impact is FFS, and can wait for other group progress. 

	ZTE
	OAM configures the number of subgroups, and gNB can broadcast it. We expect no RAN3 impact here.

	CATT
	NG-RAN will broadcast how many subgroups it supports.

	Samsung 
	It is too early to make conclusion till getting some progress from other WGs. 

We can keep eyes on this issue. 

	
	


3.2 RRC INACTIVE

It has been agreed that same solution should apply for RRC_INACTIVE. Impact to RAN3 to cover the RRC_INACTIVE case is discussed below:

Q8: Do you agree that CN should include some Subgroup information in NGAP Core network assistance information for RRC Inactive IE?

	Company
	Comment

	Nokia
	 Yes.

	Qualcomm
	In principle, this would have the same information as sent in NGAP Paging. But should wait.

	Ericsson
	Yes, part of assistance data

	Huawei
	Yes

	ZTE
	Yes

	CATT
	Yes 

	Samsung 
	Yes, FFS for details 

	Vodafone
Yes


	Vodafone
Yes




Q9: Do you agree that Anchor gNB should include some Subgroup information to new gNB in the Xn RAN Paging message?
	Company
	Comment

	Nokia
	Yes.

	Qualcomm
	In principle, this would have the same information as sent in NGAP Paging. But should wait.

	Ericsson
	Yes

	Huawei
	Yes

	ZTE
	Yes 

	CATT
	Yes

	Samsung 
	FFS. If our understanding is correct, RAN2 has a discussion on sending PEI in last used cell. If this is the case, we are wondering if we need XnAP support for RAN paging?

	Vodafone
	NO. To limit wasted wake up events, I expect that PEI can only be sued in the “last used cell” and hence there should not be a need to transfer paging subgroup to other gNBs.


Q10: do you agree that new gNB-CU should then include some Subgroup information to new gNB-DU in the F1 Paging?

	Company
	Comment

	Nokia
	Yes.

	Qualcomm
	In principle, this would have the same information as sent in NGAP Paging. But should wait.

	Ericsson
	Yes

	Huawei
	Yes

	ZTE
	Yes

	CATT
	Yes

	Samsung 
	Yes 

	Vodafone
	No. (because of our answers to Q2 and Q9)


Vodafone comment: the LTE (G)WUS feature is dependent on the gathering of good statistics about the UE behaviour. As the most mobile terminating events are all visible to the MME, this is probably OK. With the introduction of RRC-Inactive in 5GS, the visibility of UE mobile terminating events is partially visible to the RAN (when in Inactive) and partially visible to the AMF (when in Idle). It is important to study how some consistent picture of the UE statistics can be obtained!
3.3 Assistance information from RAN to CN

Q11: should the feature be restricted to the last serving cell (like was the case for CIOT WUS) or not?

	Company
	Comment

	Nokia
	 FFS at this stage. We should investigate if extensions compared to GWUS scope are possible. 

	Ericsson
	We would like to clarify that we proposed to keep the restriction of last cell-ID as in (G)WUS to maintain the benefits of avoiding the impact of CioT UE battery lifetime due to paging mobile UE with WUS. For NR, perhaps the impact would not be so significant since the UEs are all in “normal” coverage.

Ok for an FFS

	Huawei
	Pending other groups. 

	ZTE
	FFS, waiting progress in other groups. 

	CATT
	RAN2 are working on it

	Samsung
	Waiting for RAN2 progress

	Vodafone 
	Yes. While we might not have coverage extension to worry about, the average smartphone changes cell much more frequently and moves a greater distance (number of cell diameters) than the average CIoT device. Hence, restricting PEI to the last use cell can be expected to be essential to avoid damaging the battery life of OTHER devices.


Q12: do you foresee the need of Assistance Information from gNB to AMF and if yes which one(s)?

	Company
	Comment

	Nokia
	 Depends on the previous question. So far FFS waiting progress in other groups.

	ZTE
	FFS, waiting progress in other groups. 

	CATT
	Waiting for RAN2

	Samsung 
	We can set FFS for now. 

	Vodafone
	(see comment in earlier section) RRC Inactive statistics may need to be sent to the AMF for the AMF to combine with its Idle mode numbers. This can be immediately considered by RAN 3.


3.4 Continuation of the work

The WID objectives related to paging power saving are copied as follow [RP-200938]

	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]

a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]

· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
……


RAN3 is not listed as impacted.

Q13: if you acknowledge RAN3 impact for this feature, how do you foresee continuation of the work? TEI 17? New RAN WI? Adding RAN3 to existing Power Saving WID?

	Company
	Comment

	Nokia
	Delegates to coordinate to bring extension of the RAN WID at next RAN Plenary.

	Ericsson
	As we’ve all observed from the contributions, there are many RAN3 impacts identified and no Tus allocated for this WI.

We have raised this concern in our paper R3-213850 in AI 12.2 that RAN3 is already overbooked with more topics to come in the future. A re-balancing is of utmost importance.

	Huawei
	Can send LS to RAN asking for consideration. See R3-214053. 

	ZTE
	Adding RAN3 to existing Power Saving WID.

	CATT
	Ask for TU allocation, it cannot be simply solved in “Lsin”

	Samsung 
	Send LS to RAN for TU allocation

	Vodafone
	The LTE (G)WUS work need activity in both RAN 3 and SA2.


4 Conclusion

The following is proposed:

Agree that some subgroup information should be sent over NG and F1

Agree to send an LS to RAN to be added to the WID with appropriate TU(s) to cover RAN3 work
To be continued: (to structure the work at next RAN3)
Whether to use a one-step or two-steps approach or different

Whether synchronization is needed between DU and AMF
Whether some subgroup information should be sent over Xn (e.g. RAN Paging message)

Whether there is RAN3 impact due to using randomization by UE IDs

Whether to restrict to last serving cell (e.g. like was for CIOT GWUS)

Whether we need assistance information from RAN to CN (e.g. RRC Inactive statistics to be combined with idle statistics in AMF).

5 References

[1] R2-2106552, LS on Paging Subgrouping
GWUS was both for eMTC and NB-IoT





