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1	Introduction
This contribution provides a summary of the following email discussion:
[AT116-e][034][ePowSav] UE assistance for CN subgroups (CMCC)
	Scope: Collect comments for the topic of UE assistance for CN subgroups. Make progress if possible, Identify agreements, and potential discussion points. CB online
	Intended outcome: Report with Agreements
	Deadline: Wednesday W2 (Online CB)

Companies are requested to provide their inputs by end of Tuesday, November 9, 2021, 8:00 AM UTC.

Rapporteur will provide an updated summary in time for Wednesday, November 10, 2021 session.
2	Contact information

	Company
	Name 
	Email address

	CMCC
	Xiaoxuan Tang
	tangxiaoxuan@chinamobile.com

	InterDigital
	Brian Martin
	Brian.martin@interdigital.com

	LGE
	SangWon Kim
	sangwon7.kim@lge.com

	Qualcomm
	Linhai He
	linhaihe@qti.qualcomm.com

	Ericsson
	Martin van der Zee
	martin.van.der.zee@ericsson.com

	Vivo
	Chenli
	Chenli5g@vivo.com

	Intel Corporation
	Seau Sian Lim
	seau.s.lim@intel.com

	ZTE
	Fei Dong
	Dong.fei@zte.com.cn

	Samsung
	Anil Agiwal
	anilag@samsung.com

	MediaTek
	Li-Chuan TSENG
	li-chuan.tseng@mediatek.com

	Xiaomi
	Yanhua Li
	Liyanhua1@xiaomi.com

	CATT
	Pierre Bertrand
	pierrebertrand@catt.cn

	Transsion
	Lin.Mo
	Lin.mo@transsion.com

	OPPO
	Haitao Li
	lihaitao@oppo.com

	Huawei, HiSilicon
	Jagdeep Singh
	jagdeep.singh6@huawei.com

	Sequans
	Noam Cayron
	noam.cayron@sequans.com

	Nokia
	Chunli Wu
	Chunli.wu@nokia-sbell.com

	Apple
	Sethuraman Gurumoorthy
	sethu@apple.com

	Futurewei
	Yunsong Yang
	yyang1@futurewei.com


[bookmark: _Hlk86917586]

1. Discussion
The following has been agreed during the online discussion in RAN2#115-e meeting:
If RAN2 agrees to support UE assistance information to CN in support of Paging subgroup assignment, RAN2 will focus on the paging probability and power profile attributes.
Based on the above working assumption, how the UE report the assistance information was discussed in Q13 of post-115 email discussion [1]. But there is no consensus since companies still have concerns: some companies argue that the subgrouping is up to CN implement without UE assistance information, others think UE reported attributes help CN to assign a more power-effective subgrouping. For now, based on contributions and received LS replies, rapporteur suggests to have following discussions in sequence, instead of jumping into the question whether and what UE assistance information is supported.
Procedure for UE reporting assistance information
After RAN2#115-e meeting, an LS to inform about UE power saving progress to other concerned groups. In the received reply from SA2 [2], identified impacts to specification TS 23.501 by SA2 result from following reasons:
1. Even if AMF does not assign, RAN needs to know UE supports paging subgrouping. Proposal: UE provides NR paging subgrouping information in registration request. AMF indicates NR paging subgrouping support to UE in Registration Accept and to NG-RAN in N2 paging request. 
It is noted that, indication of NR paging subgrouping support is included in the Registration procedure and UE PEIPS Assistance Information is still FFS in the agreed CRs [3][4] as follows:
“In the Registration Request message, the Paging Subgrouping Support Indication indicates whether the UE supports PEIPS. If the AMF supports PEIPS assistance and if the UE provided Paging Subgrouping Support Indication, the AMF stores the indication in the UE context in AMF. The AMF may use local configuration and/or previous statistical information for the UE to determine the AMF PEIPS Assistance Information. The AMF PEIPS Assistance Information includes the Paging Subgroup ID.
Editor’s Note: Whether the UE may also include UE PEIPS Assistance Information, and if so what it contains, is subject to further discussion with RAN2.”
The LS [2] shows that there is no limitation in procedure to have UE reported attributes to aid AMF in decision for paging subgrouping from SA2’s perspective, i.e. UE assistance information could be sent along with the subgrouping support indication in the Registration Request message. 
Besides, in email discussion [1], signaling of UE assistance information was discussed based on the question “whether the assistance information sent to CN by NAS or UE reports them to gNB by RRC signaling?”. There was no consensus about the above question, but companies supporting UE assistance information mostly prefer that the assistance information is sent to CN by NAS. 
Therefore, rapporteur would like to confirm the following observation which is also preferred by SA2:
[bookmark: OLE_LINK5]Observation: The UE assistance information can be sent to CN by NAS, e.g. Registration request; 
Q1: Do companies agree with the above observation?
	[bookmark: _Hlk86955443]Company
	Yes/No
	Comments

	CMCC
	Yes
	We agree that the UE assistance information should be directly sent to CN by NAS message. Furthermore, it is reasonable to include UE assistance information in the Registration request message. 

	Interdigital
	Yes
	

	Qualcomm
	Yes
	 

	Ericsson
	Yes
	But we do not see the need for UE assistance information, i.e. the CN has the information it needs to do subgroup assignment.

	vivo
	Yes
	If there is UE assistance information for paging subgrouping, it should be sent to CN by NAS as subgrouping is controlled by CN.

	Intel
	No
	In our view, which UE characteristics should be considered for allocating the subgroups can be left up to network implementation. CN already has the required information needed for assigning the subgroup for a UE. During RAN2 previous discussion, there was some support for the following UE’s characteristics for subgrouping: UE ID, paging probability and power consumption sensitivity level. These UE’s characteristics are already or can be made to be known to the CN: 
· UE ID is known to CN as it is allocated by CN for mobility management and legacy paging operation. 
· For the paging probability, if it is just for differentiating the paging probability between Redcap UE and eMBB UEs, this can be known to the CN via UE subscription.   
· If static power consumption sensitivity level is needed (e.g. eMBB UEs, IoT UE), this can be again known to the CN via the UE subscription. 
Therefore, we do not think that any new UE assistance is needed to provide by UE in this release and hence we do not agree to the observation.

	ZTE
	Yes
	

	Samsung
	Yes
	If it is decided that UE sends assistance info for paging subgrouping, the UE assistance information can be sent to CN by NAS.

We agree with intel’s comment on need for the UE assistance info.

	MediaTek
	Yes
	This observation is valid from signaling perspective; whether assistance information from UE is needed (or subscription information is enough) is another issue.

	Xiaomi
	Yes
	

	CATT
	Yes
	This is the cleanest approach since only AMF needs this information. 

	Transsion
	Yes
	

	OPPO
	No
	Share the same view as Intel. How to allocate UEs into subgroups is totally up to CN implement, we see no need to introduce any UE assistance information for paging subgrouping.

	Huawei, HiSilicon
	Yes
	

	Sequans
	Yes
	

	Nokia
	Yes 
	If supported.

	Apple
	Yes
	

	Futurewei
	Yes
	

	Lenovo 
	Yes
	



Summary:
Continuing the discussion about signalling in Post115-e email discussion [1], most companies [19/20] agree that if UE assistance information is supported, UE could send it to CN by NAS, e.g. via Registration request. But 4 companies express their concerns about the need of UE assistance information which is another issue discussed in the Q3.1 and Q4.1.
Considering the majority view from signaling perspective, it is proposed that,
[bookmark: _Hlk87453783]Proposal 1: (For agreement) If supported, the UE assistance information can be sent to CN by NAS, e.g., via Registration request;  

Semi-static vs static assistance information
Some companies [5] strongly against frequent update of UE assistance information when UE is not in RRC_CONNECTED, while others identify the potential needs for “dynamic” changing information [4][6]. Subscription information like UE type cannot provide enough assistance for subgrouping assignment since the paging probability and power profile attributes may be different for UE of the same type (e.g. eMBB, RedCap). Semi-static information is preferred to avoid frequent update of UE attributes considering the signalling burden and power consumption [7]. 
Here, rapporteur think there could be two options in terms of update frequency if UE assistance information is supported:
Option 1: Semi-static UE assistance information
Option 2: Dynamic UE assistance information
Q2: Which option above do companies support if UE assistance information is supported?
	Company
	Option1/2
	Comments

	CMCC
	Option 1
	We think the signalling burden and the information timeliness need to be balanced. As we stated in the contribution, semi-static information should be defined to avoid frequent update. 
[bookmark: _Hlk87022889][bookmark: OLE_LINK4]As discussed in Q1, Registration procedure can be reused to report UE assistance information. PEI assistance information can be carried in the initial Registration procedure and Registration Update Procedure in TS 23.502 can be re-used to update these semi-static attributes  can be updated in the Registration Update Procedure if needed. 

	Interdigital
	
	NAS signaling design is not up to RAN2. It is not very clear what the difference between the 2 options really is – amount of NAS signaling? 
Rapp: Some companies concern the signalling burden resulted from UE assistance information reporting. This question is mainly a guidance for the design of UE assistance information.

	Qualcomm
	Option 1 and see comment
	 We agree that it is not necessary to update UE’s attributes frequently. And UE also does not have incentive to do that.  But we don’t think anything explicit restrictions on UE’s update frequency needs to be specified.  It can be just left to UE implementation. 

	Ericsson
	Option 1
	UE assistance signalling should not lead to additional NAS signalling nor significantly increase the NAS message size. 
In case we consider UE assistance signalling as defined for RRC, then it is critical that any assistance signalling is only initiated by the UE after NW configuration, and it is controlled by the NW via a prohibit timer to limit excessive signalling (due to bad UE implementation). 

	vivo
	-
	We are not sure about the intention for this question. In our view, it should be UE implementation how frequency to update the assistance information to NAS. Thus, both option 1 and option 2 are applicable for different scenarios.
Rapp: Yes, the update frequency is up to UE implementation. The intention of this question is to assist the design of UE assistance information and the corresponding signalling. 

	Intel
	Neither (see comment)
	We think that subscription like UE type of information is sufficient for this release.

	ZTE
	-
	We think no rules for UE to update the assistance information for paging group is needed.

	Samsung
	-
	Same view as intel

	MediaTek
	Option 1
	

	Xiaomi
	Option1
	Option2 is not suitable for frequent signaling.
If you say the registration procedure is the Semi-static way, we think it is fine.

	CATT
	Option 1
	Although we agree with Interdigital that NAS signaling design is up to SA2/RAN3. 

	Transsion
	Option1
	Semi-static UE assistant information is sufficient in this release.

	OPPO
	Neither
	See our reply to Q1.

	Huawei, HiSilicon
	Option 1
	We believe that Semi-static UE assistance information is helpful for the CN since this information is mainly recorded in UE and should be supported.

	Sequans
	Option 1
	Agree with Ericsson, IDCC

	Nokia
	Option 1
	

	Apple
	Option 1
	

	Futurewei
	Option 1
	

	Lenovo
	Option 1
	



Summary: 13/19 companies prefer semi-static UE assistance information, while 3/19 companies insist to have no UE assistance information. Besides, 2/19 companies wonder the intention of this question. The rapporteur explains that is to assist the design of UE assistance information and the corresponding signalling. Considering the majority view from signaling perspective, it is proposed that,
Proposal 2: (For agreement) Semi-static UE assistance information is preferred to aid the CN-assigned subgrouping. Study methods to prevent frequent reporting of UE assistance information for CN-assigned subgrouping, if needed.

UE assistance information to report
Although some companies think SA2/CT1 can decide whether or what information is needed for CN-assigned grouping, RAN2 is responsible to discuss the details and inform CT1 what assistance information is expected from RAN2 perspective. Some companies mentioned that static characteristics (e.g. subscription information like UE type) provide limited information and UE may report real-time attributes to help more proper subgrouping.
Some companies [8] concern the UE assistance information will restrict options that NW has to assign groups.  However, the LS reply indicates that the CN will have the information as the aid. For example, the AMF may assign WUS Assistance Information without UE reported paging probability. 
In the last meeting, one way forward is determined if UE assistance information is supported. Potential reported attributes converge to two suggested ones, i.e. paging probability and power profile attributes. Following, we will discuss whether to report these two attributes.
1.3.1 Power sensitive profile
During previous discussion, it is observed that even Redcap UEs are not always under the same power sensitive situation (e.g. plugged-in versus on-battery, working time versus leisure time, chargeable versus un-chargeable and so on). Aligning with the intention of this WI, companies [4][7][9] aim to reduce the power consumption for power sensitive UEs.
Q3.1: Do you support UE providing Power sensitive profile to aid CN in subgroup assignment? If yes, what kind of information it is?
	Company
	Yes/No
	Comments

	CMCC
	Yes
	5G subscribers are more and more willing to reduce power consumption. Some kinds of UEs (e.g. sensors in the Parking garage, SIM cards implanted in shared bicycles, wearable devices and so on) are identified as power consumption sensitive (PCS) only during certain circumstance (e.g. non-working period). Thus, we support Power sensitive profile as one of the optional attributes to be considered when subgrouping.
For the definition part: the PCS is determined based on UE semi-static power status/preference and multiple levels could be defined.

	Interdigital
	Maybe
	Something simple like plugged vs. battery may be OK

	LGE
	No
	The variable attributes, such as battery percentage or plugged in, can be changed even during IDLE, but it cannot be reported to network. Then, UE will keep applying the subgroup corresponding to the attributes which is no longer valid. 
Rapp: Related to discussions in Q1 and Q2, the semi-static attributes could be updated by re-using the Registration Update Procedure (specified in TS 23.502) to report this in Registration Request even during IDLE.

	Qualcomm
	Yes
	Some simple differentiation (e.g. two level) probably is sufficient.

	Ericsson
	Maybe not
	In the example provided, power sensitive profile, we are afraid that every UE will indicate to be "power sensitive" to obtain preferential treatment. Also to the proponents of a power sensitive profile we would like to point out that your good intention to give preferential treatment to eligible UEs can be destroyed by "misbehaving" UEs. 
We agree with the comment from Interdigital that when the assistance information can be verified/tested that this might resolve some issues. But perhaps the options are then limited, e.g. plugged in vs. not plugged in.

	vivo
	Yes
	We think it would be helpful for CN subgrouping if UE could inform whether it is in power saving mode. 

	Intel
	No
	As we explained in previous question, we think subscription like UE type is sufficient for this release.  

	ZTE
	No
	As per the power profile, we still think it is a useless attribution for subgrouping, because whether to page a UE is totally not dependent on the power situation the UE is. Even one UE is suffering from very very lower power situation, but if other UEs in the same subgroup having a same power situation but with a higher paging probability, the UE still need to wake up for monitoring PO even the paging is not for it.
We do not think the assistance information for power profile can be helpful for NW to assign subgroup ID.

	Samsung
	No 
	See answer to Q1

	MedaiTek
	Maybe
	A simple indication (power sensitive or not) may allow network to “protect” power sensitive UEs by putting them into subgroups with smaller sizes and thus reducing false alarm rate.

	Xiaomi
	See comments
	Plugged in vs. not plugged in may not applicable.
We cannot expect a UE to send assistance info to the CN once it is plugged in or out which will need the NAS procedure.
If we really want to consider this, some more static power consumption sensitivity level can be considered. But CN may already have known this from UE subscription.

	CATT
	Maybe
	Not sure if the question is in the context “If UE assistance is to be supported…”, and if that would be the case, we would have a slight preference for the Power profile, assuming a simple design.

	Transsion
	Yes
	It would be helpful for CN subgrouping if UE could provide simple power level,  e.g Power saving mode/non-power saving mode, the subgouping size of power saving mode terminals belong can be a small size.

	OPPO
	No
	See our reply to Q1.

	Huawei, HiSilicon
	Yes
	Agree with CMCC.

	Sequans
	Maybe
	We agree this may be helpful, but share the concerns raised by LGE and Ericsson, so careful design is needed.

	Nokia
	Maybe
	If all the UEs start declaring itself as power sensitive UEs, the NW would not be able to have special handling for all. It is up to NW implementation whether/how to take assistance information into account even if reported.
Rapp: As we mentioned before, CN will have the information as the aid, i.e. it is up to NW implementation about the “whether/how” handling.

	Apple
	Yes
	This would be useful for subgrouping. Agree with CMCC view.

	Futurewei
	Yes 
	Power source (plug-in vs. battery), rechargeable vs. non-rechargeable battery.

	Lenovo
	Yes
	Agree with CMCC



Summary: Most companies (15/20) deem that it is acceptable to have Power sensitive profile to aid the CN-assigned subgrouping. Furthermore, some companies prefer a simple indication (power sensitive or not). This indication may result from the power status/preference (e.g. plug-in or not) which is unknown to the NW. But the proponents (5/20) insist that subscription like UE type is sufficient. Considering the majority view, it is proposed that,
[bookmark: OLE_LINK6]Proposal 3: (For agreement) Power sensitive profile is introduced as the UE assistance information for the CN-assigned subgrouping. FFS: a two-level indication (power sensitive or not) is designed for this UE assistance information.
Q3.2: If the answer to Q3.1 is yes, how to overcome the trust issue of UE reported Power sensitive profile?
	Company
	Comments

	CMCC
	The power-sensitive UE may try to save its power at the expense of paging delay. In another word, when one UE report its Power Consumption Sensitivity level as high, it most values the power saving instead of the timely paging. So, we don’t think UE will always report the high PCS, since it’s paging delay will be prolonged. Thus, the reliability of this UE reported Power sensitive profile is not a big issue for the reported PCS information.

	Interdigital
	If simple e.g. plugged vs. battery then it can easily be tested.

	Qualcomm
	Agree with Interdigital. It is not difficult to devise test cases for that.

	Ericsson
	We do not think that UE assistance signalling should be a tradeoff of one thing against another thing. 
We do think that certain UE assistance signalling can be verified via test cases (RAN5), e.g. plug-in/out, but for others this might be more complicated, e.g. "power sensitive". 

	vivo
	Agree with IDCC and Qualcomm. 

	MediaTek
	We can do some test, or the UE may face the risk of e.g., longer DRX cycle

	Transsion
	Agree with CMCC.

	Huawei, HiSilicon
	Agree with CMCC

	Sequans
	Agree with Ericsson. A misconfigured UE will not negatively impact itself, but other UEs, as the grouping does not affect the actual paging (like e.g. eDRX), so reliability is important.

	Apple
	Agree with CMCC

	Futurewei
	Agree with Interdigital.

	Lenovo
	Agree with CMCC



Summary: More or less half of (7/12) companies think that the reliability could be verified via test cases (RAN5), especially for the case plugged or not, while the other half (5/12) thinks the reliability is not a big issue for the reported PCS information since this may result in prolonged paging delay. Thus, all the companies think that the trust issue about the Power sensitive profile could be overcome.
Observation 1: The trust issue about the Power sensitive profile could be overcome.
1.3.2 Paging probability
[bookmark: _Hlk86948778]Some companies [10] [11][12] refer to the GWUS mechanism in LTE and think that UE optionally report assistance information like paging probability to help AMF determine paging related parameters. 
Q4.1: Do you support UE providing Paging probability to aid CN in subgroup assignment? If yes, what kind of information it is?
	Company
	Yes/No
	Comments

	CMCC
	Open
	Since in the current mechanism, NW has the previous statistical information for the UE like paging probability. But we are open to have it if benefits are identified and prefer to reuse the [UE paging probability information] in the Registration Request and extend this information to assist CN subgrouping assignment.

	Interdigital
	Yes
	One of the main advantages of CN assigned subgrouping is to reduce false wake-up for UEs not paged frequently. NW cannot always determine this on its own since some UEs e.g. have different power saving modes selected by the user.

	LGE
	No
	NW can calculate the paging probability without UE reporting. 

	Qualcomm
	Yes
	Agree with Interdigital

	Ericsson
	No
	The CN can have stored information about the UE's paging probability, if it chooses to use paging probability for group assignment. And the UE should not send paging probability info when the CN does not intend to use it. 
Furthermore a paging probability signalled by the UE needs to be specified, i.e. during which time period (hour, day, week, etc)? The CN may otherwise make wrong decisions when using this information when UE implementations interpret this in a different way. If the paging probability remains unspecified, then a UE can signal any value. Furthermore how to trust the value signalled by the UE, i.e. please put me in a quite subgroup?

	vivo
	No
	Agree with LGE, NW could get such information. 

	Intel
	No
	As we explained in previous question, we think subscription like UE type is sufficient for this release.  

	ZTE
	Yes
	The paging probability provided from UE can be treated as a reference value for CN to decide which subgroup ID shall be assigned to UE. 

	Samsung
	No
	See answer to Q1

	MediaTek
	No
	Paging probability is to be estimated by network; UE has very limited knowledge.

	Xiaomi
	Yes
	We can accept this. UE can have more prediction of the ongoing traffic models.

	CATT
	No
	Agree with LG

	Transsion
	Yes
	UE can report the paging probability meeting power saving needs to CN  as a reference information for subgrouping.

	OPPO
	No
	See our reply to Q1.

	Huawei, HiSilicon
	Yes
	Accurate and reliable paging probability can be helpful for CN’s decision making. The paging probability can be based on a consistent calculation principle.

	Sequans
	Maybe
	Agree with IDCC, assuming this can be reliable. The issue of applicability length needs to be addressed.

	Nokia
	See comments
	Like NB-IoT, it can be considered if some statistic information is available from UE side and can be regulated. But in the end, it is up to networks whether and how to use it.

	Apple
	No
	This should be evaluated by NW in our view

	Futurewei
	No
	NW can manage it.

	Lenovo
	NO
	Network is aware of the paging probability of one certain UE. 



Summary: 11/20 companies think there is no need to introduce paging probability as the UE assistance information since NW can calculate it without UE reporting. Furthermore, some of them would like to know how UE evaluates the paging probability. The proponents (6/20) think accurate and reliable paging probability from UE can be helpful for CN’s decision making and further point out that NW cannot always determine this on its own which may result from the UE-selected power saving mode. 3/20 companies think this can be considered based on regulated principles. 
Proposal 4: (For Discussion) RAN2 to discuss if Paging probability is introduced as the UE assistance information for the CN-assigned subgrouping.

Q3.2: If the answer to Q4.1 is yes, how to overcome the trust issue of UE reported Paging probability?
	Company
	Comments

	Interdigital
	UE performance would be affected if wrong information is reported. This can also be tested.

	Qualcomm
	Agree with Interdigital

	Ericsson
	We first need to agree on how the paging probability is defined (over which time period), and we do not understand how it can be verified/tested that the signalling value of the UE is correct. 

	ZTE
	It is up to CN to decide which kind of information is trustworthy, a simple solution, if the paging probability reported by UE is lager than the statistics from CN, then the assistance information is trustworthy, otherwise, CN can select the statistics calculated by itself.

	Xiaomi
	We think this is not a problem since in LTE, this has already been a solution on the table.

	Transsion
	Agree with Interdigital

	Huawei, HiSilicon
	As provided in our contribution [11], two options for evaluation principle of paging probability calculation are given:
Option 1: UE calculates the probability based on the fixed duration when targeted paging is received in that duration.
Option 2: UE calculates the probability based on the fixed number of POs when targeted paging is received during   that fixed number of POs.
With such principles specified we believe that the network will have a consistent information reported from the UEs.

	Sequans
	UE performance would not be negatively impacted if misconfigured; agree with HW that a test can probably be specified

	
	



Summary: 3/8 companies propose to verify the UE reported Paging probability via test cases, but 1/8 company question the feasibility of the test. 4/8 companies indicate that CN can determine the trustworth of UE reported information based on statistics calculated by itself and this is not a problem for paging probability in LTE. Furthermore, the options for evaluation principle are provided to have a consistent information reported from the UEs. Considering the majority view, the rapporteur observe that 
Observation 2: The trust issue about the Paging probability could be overcome.

3. Conclusion
Proposal 1: (For agreement) If supported, the UE assistance information can be sent to CN by NAS, e.g., via Registration request;  
Proposal 2: (For agreement) Semi-static UE assistance information is preferred to aid the CN-assigned subgrouping. Study methods to prevent frequent reporting of UE assistance information for CN-assigned subgrouping, if needed.
Proposal 3: (For agreement) Power sensitive profile is introduced as the UE assistance information for the CN-assigned subgrouping. FFS: a two-level indication (power sensitive or not) is designed for this UE assistance information.
Observation 1: The trust issue about the Power sensitive profile could be overcome.
Proposal 4: (For Discussion) RAN2 to discuss if Paging probability is introduced as the UE assistance information for the CN-assigned subgrouping.
Observation 2: The trust issue about the Paging probability could be overcome.
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