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1	Introduction
This document is the report of the following email discussion:
[AT115-e][043][ePowSav] Paging Subgrouping (Nokia)
	Scope: Objective is to arrive at conclusions (CB for confirm) and specify Open issues for non-concluded points. 
	1) Progress the capabilities discussion and handling of non-support, 2) Progress the architecture. Produce an agreeable generic Message sequence chart. Refine aspects of AMF, gNB and UE role and tasks in more detail (what AMF and gNB shall do and may do, what UE shall do). 3) Outline the options for how to map from CN assigned subgroup to L1-indicated subgroup. 
	Provision of assistance information is not included for now.
	Intended outcome: Report
	Deadline: Tuesday W2, for on-line CB. 

2	Contact Points
Respondents to the email discussion are kindly asked to fill in the following table.
	Company
	Name
	Email Address

	Nokia (Rapporteur)
	Chunli Wu
	Chunli.wu@nokia-sbell.com

	Xiaomi
	Yanhua Li
	Liyanhua1@xiaomi.com

	Huawei, HiSilicon
	Yiru Kuang
	kuangyiru@huawei.com

	Qualcomm
	Linhai He
	linhaihe@qti.qualcomm.com

	Samsung
	Anil Agiwal
	anilag@samsung.com

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

	OPPO
	Haitao Li
	lihaitao@oppo.com

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

	CATT
	Pierre Bertrand
	pierrebertrand@catt.cn

	vivo
	Chenli
	Chenli5g@vivo.com

	LGE
	SangWon Kim
	sangwon7.kim@lge.com

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

	Apple
	Sethuraman Gurumoorthy
	sethu@apple.com

	Lenovo
	Jie Shi
	Shijie4@lenovo.com

	Sequans
	Noam Cayron
	noam.cayron@sequans.com

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

	Futurewei
	Yunsong Yang
	yyang1@futurewei.com

	Sharp
	Lei Liu
	lei.liu@cn.sharp-world.com

	DENSO
	Tatsuki Nagano
	tatsuki.nagano.j7f@jp.denso.com



3	Discussion
The following has been agreed during the online session:
	When AMF has assigned a UE with a Paging subgroup, some NAS signaling should be supported between AMF and UE to convey the related information to the UE. Exact information is FFS. The design and procedure are up to SA2/CT1.
When AMF has assigned a UE with a Paging subgroup, some signaling should be supported between AMF and gNB(s) to inform gNB(s) about the related subgroup information for paging a UE in RRC_IDLE/RRC_INACTIVE. Exact information is FFS. The message(s) and associated design are up to RAN3. 
It is FFS when a UE in RRC_INACTIVE has been assigned by CN a Paging subgroup, whether some signaling should be introduced between gNBs to inform each other about the UE’s subgroup for RAN paging.
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.
UEID-based subgroup method requires, in addition to the already available information for legacy UEID-based grouping in PO, the total number of supported UEID-based subgroups by the network.
At least for UEID-based subgroup method the total number, Nsg, of supported subgroups by the network is decided by RAN and broadcasted in System Information.
At least for UEID-based subgroup method the total number, Nsg, of supported subgroups is controlled on a cell basis and can be different in different cells.




3.1	Architecture – CN/RAN responsibilities and mapping to L1 subgroup indication
The following options has been proposed in the contributions on CN and RAN responsibilities: 
Option 1: CN assigns Subgroup ID [2][8][9][10][12][14][17]
· CN assigns subgroup ID to UE and indicates to gNB when the UE is paged
· gNB and the UE apply the assigned subgroup ID 
· gNB broadcast subgroup configuration (e.g. number of total subgroups)
[image: ]
Figure 1: message sequence chart for option 1 [17]
· Pros:
· The assigned subgroup ID could be directly mapped to L1 indication if it can be ensured RAN can support at least the number of subgroups CN assignment 
· Note that there are also proposals on remapping of CN assigned ID to L1 subgrouping.[2]
· Cons: 
· More complexity for CN and RAN coordination on number of subgroups
· Further discussions needed if it requires all the cells within the registration area to support same number of subgroups and if they are not how it works, e.g. which node decide the number and how the mapping is done if they do not match 
· Option a1: The total number of subgroups is fixed and specified [2]
· Option a2: The total number of subgroups is decided by CN and informed to RAN [2]
· Option a3: The total number of subgroups is decided by RAN with mapping rules from CN subgroup ID to RAN subgroup ID if the ID from CN is larger than RAN [2]
· Option a3’: UE applies UE ID based subgroup if the ID assigned by CN is larger than the number of subgroup supported by RAN.
· Option a4: all the cells within the registration area supports the same number of NW assigned subgroups [8]
· Option a4': all the cells within the registration area that support paging subgrouping use the same number of NW assigned subgroups [8]
· Option a5: The number of subgroups is decided by RAN, but it should be no less than the number of subgroups assigned by CN (added from MTK’s comments)
· More complexity w.r.t. co-existence with UE-ID based subgrouping
· More discussion needed on how it works for subgroup ID determination for a UE with both CN assignment and UE-ID based subgrouping:
· whether CN assignment is prioritized over UE-ID based if both supported [5][8][10]
· whether UE-ID based could override NW assignment [14]
· More discussion needed on how it works for subgroups splitting in RAN for UEs in the cell with NW assignment and UE-ID based:
· Option b1: Hard split between CN assigned subgroups and UE-ID based subgroups with each broadcasted [6][8]
· Option b2: CN assignment and UE-ID based can share the same subgroups [14]
· Option b3: either NW controlled subgrouping or UE ID based subgrouping is used in a cell without mixing them [13]
· Option b4: gNB can decide by itself on the number of subgroups it wants to allocate to UE-ID based UEs. It is up to gNB implementation whether there can be any overlap between CN-assigned subgroups and UE-ID based subgroups in its cell. Although hard partition between two types of subgroups is desirable (for avoiding false alarm), we think we can leave that decision to gNB to “keep things simple” [8].
Option 2: CN assigns set of subgroup IDs [1][2]: 
· gNB provides subgrouping configurations to CN; 
· CN provides subgroup ID or subgroups ID set for different configurations; 
· gNB and UEs apply corresponding subgroup ID based on the configuration of the cell
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(proponents are welcome to provide message chart here)
Figure 2: message sequence chart for option 2
· Pros: 
· Possible to support different subgrouping configurations for different cells as the assigned ID can be chosen from the assigned set based on RAN configuration
· RAN can decide number of subgroups based on its own paging configuration without requiring coordination between CN assignment and RAN configuration (note that RAN indicating the number of subgroups supported is optional) 
· Cons: 
· More overhead for gNB to CN assistance information on the configurations and the set needs to consider all possilities	Comment by Intel: The gNB to CN assistance information is not essential; it is an additional optimisation if it is of interest
· More overhead for CN to UE subgroup set assignment to consider all possibilities 
· similar discussions are needed as for option 1 on co-existence with UE-ID based approach.
Option 3: Reuse NB-IoT framework [2][3]: 
· CN provides subgrouping related information (not limited to paging probability as agreed before) to distinguish the UEs with different characteristics.
· gNB broadcasts subgrouping configurations to split the UEs into different subgroup sets, which enables the aggregation of multiple codepoints from CN into same subgroup set (using probThreshList) as well as it allows to aggregate multiple subgroups within one subgroup set (using groupsForServiceList) if needed.
· UE-ID is used to derive the subgroup ID within the subgroup set.
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Figure 3: message sequence chart for option 3
· Pros: 
· Re-use NB-IoT framework without redesigning it, thereby with least impact to other working groups, and thus more realistic to complete the WI on time.
· Full flexibility to allow CN with finer granularity or RAN with finer granularity. 
· If RAN configures same granularity as CN, it becomes equivalent to option 1.
· RAN can decide number of subgroups based on its own paging configuration without requiring coordination between CN assignment and RAN configuration
· No further co-existence issue with UE-ID based subgrouping since UE-ID based subgrouping works within the subgroup set
· In the current NB-IoT mechanism, if a UE is not assigned with a codepoint from CN, it falls into a default subgroup set
· It is also possible for RAN to implement UE-ID only by configuring all the CN assigned codepoints into the same subgroup set
· Cons: 
· more complexity for gNB configuration 
Question 1: Do companies agree with the classification and the analysis of the options and sub-options above? 
	Answers to Question 1

	Company
	Yes/No
	Clarifications on the options if needed

	Xiaomi
	Yes
	Generally OK.
Some minor comments:
For Option2,  “a set of subgroup ID(s)” is more accurate that “subgroups ID set”? Otherwise “subgroups ID set” can be easily confused with “subgroup set” in option3.

For option3: “it allows to aggregate multiple subgroups within one subgroup set (using groupsForServiceList) if needed”,  in my understanding, what you mean is this parameters is for aggregate multiple L1 subgrouping resources within one subgroup set?

	Huawei, HiSilicon
	Yes
	

	Qualcomm
	No
	We do not agree with the cons listed under Option 1.
· Subgrouping is simply a partition among UEs mapped to the same PO and thus does not involve allocation of any physical resources. Therefore, it is not difficult for gNBs in the same TA support the same number of subgroups decided by CN.
· To “keep things simple”, gNB can decide by itself on the number of subgroups allocated to UE-ID based UEs. It is up to gNB implementation to decide whether there can be any overlap between CN-assigned subgroups and UE-ID based subgroups. Although hard partition between two types of subgroups is desirable (for avoiding false alarm), we think we can leave that decision to gNB to “keep things simple”.
And we’d like to add to the cons of Option 2 and 3 that both schemes require more complexity to UE implementation. For example, in Option 2, UE needs to maintain multiple sets of subgroup assignment and switch its subgroup whenever it changes a serving cell. In Option 3, UE has to perform extra step of hashing to determine its subgroup assignment.

	Samsung
	
	Do not agree with option 3. This is not inline with agreement made in RAN2#114.
RAN2#114 Agreement: 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
 Also agree with QC on comments related to Option 1

	MediaTek
	-
	Classification is good, but we do not fully agree with the cons analysis of Option 1: 
· It shouldn’t be that hard for CN and RAN to coordinate on the number of subgroups. A reasonable implementation is that all gNBs in a registration area supports at least as many subgroups as CN assigned.
· Then regarding the splitting of CN-assigned and UE-ID based subgroup IDs, one possible way is to have N1 subgroups for CN-assignment (N1 is the same for all gNBs in a registration area), and each gNB additionally assigns N2 subgroup IDs for UE-ID-based subgroups. The subgroup ID calculation in UE is also not hard (a simple hashing plus an offset)
Note that we proposed Option 1 based on our understanding about previous agreements. However if Option 3 was actually not precluded, we are also fine with Option 3. 

	OPPO
	
	We think option 3 has been excluded based on previous agreements that CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics.
And we agree with QC to add to the cons of Option 2 and 3 that both schemes require more complexity to UE implementation.

	ZTE
	Yes
	For option 1, we agree with Nokia’s analysis, meanwhile, we have provided a simplified solution in R2- 2108272 which can replace the  CN assigned subgroup ID, as shown below:
Proposal 3: For CN assigned subgrouping, CN taken into consideration the attribution value when allocating the UE ID e.g. define UE ID value range for UE upon a certain attribution.
The solution in proposal 3, we just consider what information is needed by CN (i.e paging probability, power file, the Nsg of each cell within the registered area), and the most work can be left to CN implementation.



	CATT
	Partly
	We agree with the classification, not with the analysis. For example, the listed drawbacks (mainly about complexity) of option 1 are significantly reduced if gNB/UE subgrouping capability is common to CN-assigned and UEID-based (in which case UE-ID based cannot be overridden by NW assignment), and considering options a3 and b2 which provide full flexibility of NW and gNB to control independently their subgrouping method. The key point in our view is that RAN should control the total number of subgroups in its cells, as they are related to physical resources.

	vivo
	Partly
	Some cons listed under option1 should be handled as open issues, which have not been agreed to have, such as “CN and RAN coordination on number of subgroups”, “co-existence with UE-ID based subgrouping”. Similarly, in our understanding, these open issues also exist in Option2. 
Option3 is somehow not aligned with our previous agreement “CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics”.

	LGE
	
	Option 3 should be excluded since it goes against previous RAN2 agreements.
Though there are some issues to discuss in option 1, the issues can be resolved in simple way, e.g. Option a3` and b2.

	Intel
	No
	 Option 1 and 2:
General Observations:
Option 1 and 2 are basically the same except that Option 2 also considers different subgrouping configurations in the RAN in a paging area and does not require coordination between the CN and RAN. Hence the difference in the message flow is that a set of subgroup IDs, in place of the just a subgroup ID, can be provided to the UE and gNB. To us, Option 2 is a variation of option 1 as can be seen from the flow chart and the discussion here.  

On the Pros for both Option 1 and 2, one of the benefits of direct subgroup ID is that it allows the network to consider multiple UE characteristics that may not be specified.  It is unclear how this can be achieved with Option 3 when reusing/following the NBIOT framework. 

On the Cons for both Option 1 and 2, the complexity mentioned does not seem like real issues. They are just items that needs to be discussed and decided by RAN2.  In our view, we can just pick the simplest in view of the time.  Some of the options listed does not require any coordination at all. 

CN and RAN coordination on the number of subgroups
For Option 1, we think it is just the case of picking one of the options. Option a4 and a1 looks simple enough but we are not sure if it is possible to ensure that all cells in the paging area can be the same. Option a3 allows for the flexibility of having different number of subgroups for a cell in the paging area. One further option to include is that the gNBs provides the supported number of subgroups to the CN and CN can allocate the UE and gNB with a set of subgroup IDs just like Option 2 – this can reduce the number of subgroup IDs to provide to the UE as CN only needs to consider the number of subgroups actually used by the gNBs.   

For Option 2, We don’t think option 2 is complex – UE simply has to pick the subgroup ID corresponding to the number of the subgroups supported in the cell.  This is not different to the other options that also need UE to decide the paging occasion based on the number of the paging subgroups supported in the cell. No hashing is required. This option provides full flexibility in terms of number of groups supported in a cell – different cells can support different number of subgroups. There is no need for any coordination between RAN and CN. There is nothing to discuss or implement in the RAN interfaces for coordination.  So we think it is the simplest in terms of agreement and specification work.  The overhead is minor with 8 subgroups. E.g. for total number of subgroups can be {2,3,4,5,6,7,8), the total number of bits for all combinations of total number of subgroups (1+2+2+3+3+3+3) = 17bits in the NAS message (which is typically already a very large message).

Coexistence between UEID subgrouping and CN based subgrouping for Option 1 and 2:
Option b1, b2 or b4 option is acceptable to us.  Option b4 provides most flexibility in that it can be used to implement Option b1 or b2.  There is a possibility of false alarm with Option b2.  Option b1 is the simplest but hard partition may not lead to uniform distribution depending on the number of UEs that are assigned CN and RAN 
As on the case where both UE-ID based subgrouping and network based subgrouping are supported by the UE and network, it is logical that the network based subgrouping is prioritized, since this is the subgroup ID provided by the network. If no subgroup ID is provided by the network, the UEID based subgrouping can be applied. Hence we do not see any coexistence issue or complexity for Option 1 and 2.

Option 3:
Our understanding is that this option is ruled out by the previous agreement as mentioned by Samsung. Furthermore, it is also unclear or confusing to us what reusing NBIoT framework means here. In the current NBIoT framework. Is it using the paging threshold to calculate the subgrouping set or the subgroup set is provided to the gNB and the UE?

If reusing NBIoT framework means that the subgroup set is provided by CN during paging, it will have the same coordination issue between CN and gNB like Options 1 and 2. In the case, the  pros “RAN can decide number of subgroups based on its own paging configuration without requiring coordination between CN assignment and RAN configuration” will not be possible. This process in the UE is far more complex than selecting a Paging group ID based on the number supported by the gNB as in option 2.  From this point, there is complexity in determining the subgroup ID at the network and the UE.

On the Pros related to the following:
· Full flexibility to allow CN with finer granularity or RAN with finer granularity. 
· If RAN configures same granularity as CN, it becomes equivalent to option 1.
We wonder if this is implying that CN is sending subgroup/subgroup set ID as well. If so, it will have the same CN and RAN coordination “issue” on the number of subgroups.  

	Apple
	No
	We feel that overall Option 1 and 2 are essentially the same from a UE point of view. Also, the cons described for Option 1 and 2 are a bit overstated. Most of them if not all can be agreed over offline or online discussion. For example, the maximum number of subgroups, is something that RAN can decide after taking into account the maximum CN assigned subgroups. This way, both the CN requirement and the RAN responsibility of physical paging resources to subgroup mapping is accounted for. Once decided, this can be broadcasted over the air (SIB signalling). For the co-existence of CN and UE-ID based, and the question of which one takes precedence, this has been discussed earlier that UE would go with CN based subgrouping if supported by both UE and NW and fallback to UE-ID based approach otherwise. 

	Lenovo
	Partly
	Based on above discussion, we have a clear understanding to option.1 and option.3 as below:
· Option.1 UE paging group ID for CN-assigned method is configured by CN.
· Option.3 UE paging group ID is computed based on legacy NB-IOT method, this means that, UE will get the related information(e.g, paging probability) with different characteristics by NAS procedure, and read the configuration information on the mapping of UE group ID and the related information(e.g, paging probability) broadcasted in a cell, then UE will find its group-ID based on UE specific information and the mapping information.
· But for option.2, it is not clear how the UE will find the subgroup ID based on subgroups ID set for different configurations in CN side and the configuration in cell side. Does the number of subgroups in a subgroup set and the subgroups threshold in this flow chart will define the subgroup ID(s) in a subgroup set? If it is, then how does UE find its subgroup ID in a subgroup set?
[Intel-Proponent]: Option 2 is like Option 1 where instead of only 1 UE paging group ID, a set of UE paging group IDs for CN-assigned method is configured by CN to UE. Each of the UE paging group IDs in the set corresponds to the one possible total number of subgroups configured by RAN. For example, if RAN can configure the total number of subgroups as {2,4,8} subgroups in acell, then CN provides an ID#1 corresponding to 2, ID#2 to 4 and ID#3 to 8. While in idle/inactive mode, UE will use the ID corresponding to total number of subgroups broadcast in the serving cell.  



	Nokia
	Yes
	We disagree with Samsung, Oppo and LG. During the discussion “ID” was removed from the agreement by the chairman because the assignment does not necessarily be subgroup ID itself.

	Sequans
	Yes
	We are generally fine with this description. However, we are sceptical on the ability of RAN to minimize the number of groups indicated by CN as the grouping criteria are implementation-based, so the groups have no intrinsic hierarchy. Considering this, the options more or less converge, but still we think this description gives a good basis for discussion. 
We do not agree that option 3 has been excluded by previous agreements, it is clear that the AMF is the one controlling the grouping.

	Ericsson
	Partially
	On a high level we agree with the different options 1, 2 and 3. But we have comments on the analysis in "pros/cons":
· Option 1 does not require more coordination between RAN and CN concerning the AMF assignment compared to options 2 and 3. More information is exchanged and need to be coordinated for options 2 and 3. Perhaps there is a possibility with options 2/3 that RAN ignores/overrides/remaps the CN subgroup assignment, but that goes against the spirit of the RAN2 agreement that AMF assigns the paging subgroup in our view. It would be quite a twist in current agreements, when the RAN would assign the final group ID that is used. 
· In our understanding the aspects discussed under options A and B in option 1 would also need to discussed with option 2 and 3.
We would like to keep the feature as simple as possible if we ever want to implement it, and it seems the longer we discuss the more options/combinations companies bring up. We have the following simple view:
· CN assigns the subgroup ID during UE registration, and if the cell supports CN based subgrouping the cell uses the assigned CN subgroup ID.
· But the cell may not support CN assigned subgrouping and only support UE_ID based subgrouping. CN assigned and UE_ID based grouping is not used simultaneous in the cell. 
This simple approach allows a deployment where a CN based subgrouping where the UE characteristics are taken into account, or a simple RAN based UE-ID subgrouping is used. 

	Futurewei
	Partially
	There are some additional cons for Option 2: 
· CN needs to provide the complete set of subgroup IDs assigned to a UE to the anchor gNB; and 
· the anchor gNB needs to either know the configuration of cells served by its neighboring gNBs in order to be able to forward a paging message with a correct subgroup ID of the UE to each neighboring gNB or always forward the paging message with the complete set of subgroup IDs of the UE to each neighboring gNB, thus requiring more inter-gNB signaling overhead in either way.

	DENSO
	Partly
	We do not agree with the cons listed in Option 2. In our view, gNB doesn't need to provide subgrouping configurations to CN. CN simply provides UE with subgroup ID set corresponding to all possible number of subgroup (i.e. 2-8) without assistance information from gNB. Also, as Intel commented, signalling overhead for subgroup ID set in the NAS message is relatively small. Therefore, the cons as described above are marginal.



Summary 1: 
· The classification of the 3 options and the message sequence chart seems to be agreeable.
· There are some disagreements on the pros and cons list. There is no intention to endorse those pros and cons anyway but only to list the issues to be further discussed. 
· There are some different understandings of whether option 3 is excluded from the previous discussion. But if remapping is needed in RAN in the end as proposed by some of the sub-options in option 1, the subgroup ID itself is not assigned by CN, so there is no technical difference in that sense. 
Proposal 1: Use the listed 3 options as starting point for further discussions (parameter names can be further adjusted if needed).
· Option 1: CN assigns subgroup ID
· possible with or without remapping to RAN subgroup ID depends on the sub-options
· Option 2: CN assigns a set of subgroup IDs
· Similar to option 1 but with multiple subgroup IDs assigned from CN and the UE needs to choose the corresponding subgroup ID based on RAN configuration
· Option 3: Reuse NB-IoT framework 
· CN assigns subgrouping parameter, RAN can do remapping to subgroup ID based on the CN parameter and RAN configuration
Proposal 1a: To avoid confusion, possible to use “CN assigned group ID” as a common term for all the options for CN assignment to continue the technical functionality discussions on e.g.
· whether there is remapping of “CN assigned group ID” to “RAN subgroup ID (i.e. L1 indicated subgroup ID)”
· co-existence with UE-ID based subgrouping
· what configurations to be broadcasted in RAN
Question 2: Which option for NW assignment do companies prefer out of option 1-3 described above? 
	Answers to Question 2

	Company
	Option 1/2/3
	Technical comments

	Xiaomi
	Option3/1
	Agree the rapporteur that re-using NB-IoT framework saves us a lot of time. 
For option3, we wish CN provides subgrouping ID directly. And RAN aggregate multiple subgrouping ID s from CN into same subgroup set. And if RAN configures same granularity as CN, it becomes equivalent to option 1. 
Both option3 and option1 can work.

RAN2 is suggested to consider how gNB configures the mapping between subgrouping information to L1 radio resource(s) on Uu interface. If we map each subgroup to L1 resources, it is option1. If we map multiple subgroups (in form of subgroup Set) to L1 resources, it is option3.



	Huawei, HiSilicon
	3, can accept 1
	NB-IoT framework is preferred as this is the mechanism already supported in LTE. In this option, UEs can be assigned to different groups based on UE characteristic, and the gNB has the flexibility of determining the subgrouping information, e.g. the total number of supported subgourps.
CN assigned subgroup ID can be supported. However, for this category of solutions, we prefer option 1 since option 2 may provide the unnecessary subgrouping information to the UE, and it is not clear how many subgroup IDs should be assigned by the CN, which in our view also increase the complexity of CN implementation.

	Qualcomm
	1
	Option 1.a4 + Option 1.b4 require the least implementation complexity for UE, gNB and AMF

	Samsung
	1
	We do not see additional benefits of option 2

	MediaTek
	1 or 3
	Configuration for Option2 can be complicated

	OPPO
	1
	Option 2 is too complicated and we see no need to support multiple subgroup ID configurations as in the worst case there may be many different subgroup numbers for different cells.
Option 3 has been excluded based on our previous agreements.

	ZTE
	3,1(simplified solution as above comments)
	It is better that Option 3 can be reused which lead the less specification effort. if  option 3 is excluded, we can consider the option 1, but we think, for option 1, there are a lot of issues to be discussed as listed above. We are not sure whether it is deserve the heavy discussion for subgrouping by considering the limited power saving gain.

	CATT
	1
	As commented in Q1, considering a3 and b2 and assuming gNB/UE subgrouping capability is common to CN-assigned and UEID-based, it is the simplest, the least complex and the most flexible (independence of CN and RAN subgroup management).

	vivo
	1 with comments
	Option 3 should be excluded first due to the conflict with previous agreements. 
Option 2 is more complex than option 1, but with no additional benefit. Besides, it also introduce more signaling overhead between gNB and CN.
For the 3rd step in option 1, we think if there is no UE_ID based subgrouping, gNB is not needed to broadcast the number of total subgroups. Thus, we prefer to remove “(e.g. number of total subgroups)”

Besides, we share the same view as ZTE. It seems quite a lot of issues need to be discussed. During the study phase, the benefit for the subgrouping is very limited. We are also doubt that whether it is deserved to spend so much TU to discuss the above issues in option 1. 


	LGE
	1
	If we go with simple sub-options, e.g.  a3`/b2, option 1 is more simple than option 2.

	Intel
	Option 1 or 2
	See our comments in Q1,

	Apple
	Option 1 or 2
	

	Lenovo
	3/1
	See our comment in Q1. We prefer the legacy option.3 if it is not excluded by current agreement. Not clear about the option.2, generally, option.2 may give gNB some flexibility to configure the number of groups for the UE with specific characteristic.

	Nokia
	Option 3
	Agree with Xiaomi if re-mapping of CN assigned ID to L1 indication is in the end needed for option 1, e.g. with option a3, it becomes basically very close to option 3, regardless whether we called the CN assignment as group ID (but only from CN point of view, not group ID indicated in the L1 signalling) or group information. Further discussion is then needed how the re-mapping is done. Option 3 is one type of remapping which supports CN has assigned either more groups or less groups than RAN supports.
Since we have already a well-designed mechanism, seems no motivation to do something different esp. considering the limited time left for the WI.

	Sequans
	3, OK with 1
	See answer to previous question, we think in the end there will not be much difference between the options and it would be simplest to go for an already existing solution.

	Ericsson
	Option 1
	We think the cons of option 1 are over-stated. In our view, when a RAN node supports CN based ID assignment, it should support the same number of groups used by CN (e.g. 8). We are not sure if there is a strong need for the CN to explicitly signal the number of groups used to the RAN, i.e. the RAN cannot refuse the number signalled by the CN. But perhaps it is efficient when the RAN knows the number of groups that the CN will use in advance for RAN configuration (perhaps this information can be conveyed via OAM). 
In case the CN only selects a set of IDs, or CN only provides high level subgroup info or there is re-mapping in RAN, then the CN basically does not make the paging subgroup selection in our view. In our view options 2 and 3 (and option A3) go against the spirit of the RAN2 agreement. 

	Futurewei
	1 or 3
	Agree that Option 1 is more in-line with previous RAN2 agreement. Also agree that Option 3 may save us time and efforts. Option 2 is not preferred by us due to complexity.

	Sharp
	1
	For simplicity, remapping of CN assigned ID to L1 indication should be avoided. RAN2 has agreed maximum number of UE subgroups per PO is at least 8 and informed SA2. If RAN1 decides a different final value, it should be informed to SA2.

	DENSO
	1 or 2
	Option 2 has an advantage in that different number of subgroups for each cell can be applied without using complicated mapping rules (e.g. option a3). Considering the following agreement, Nsg, the total number of subgroup, should be controlled on a cell basis in the CN-assigned method as well.
Agreement during the online session:
At least for UEID-based subgroup method the total number, Nsg, of supported subgroups is controlled on a cell basis and can be different in different cells.



Summary 2: 
· 18 companies support option 1, different preference of how it should work (see discussions on questions 3 ~ 6)
· 7 of which indicated supporting also option 3
· some think functionality wise option 1 and option 3 are not that different.
· 3 companies indicated supporting also option 2
· 2 companies indicated it might not deserve the heavy discussion for subgrouping considering the limited power saving gain, even though they have indicated preference of option 1
· one of them proposed simplification of the option by “define UE ID value range for UE upon a certain attribution” 
·  3 companies support option 2, but they are also fine with option 1
· Most other companies think option 2 is too complicated or do not see the benefit.
· 8 companies support option 3
· 7 of which indicated also option 1
· some companies think functionality wise option 1 and option 3 are not that different.
Proposal 2: Option 2 is excluded. Continue online discussion on option 1 and 3 focus on the detailed functionalities we are trying to achieve from Q3~Q6. 
Question 3: Which sub-option out of a1/a2/a3/a4 of option 1 do companies prefer on whether CN or RAN is to decide the number of subgroups for NW assigned subgrouping? 
	Answers to Question 3

	Company
	Option a1/a2/a3/a4
	Technical comments

	Xiaomi
	A3
	Remapping saves the effort of negotiations between CN and RAN.


	Huawei, HiSilicon
	a3
	In our view sub-option a3 has clear advantages in terms of flexibility of the network configuration
The sub-option a3 is also related to the scenario being discussed in RAN1 on the association between DCI based PEI and POs. We wanted to highlight the the bits that can be used in PEI are limited. These bits may be used to indicate the associated POs and subgroups per PO. If more bits are used to indicate the associated POs, then the bits which can be used to indicate the associated subgroups per PO is reduced. 
Considering other sub options, we think that the intention of sub options a2 and a4 is similar but provides lesser flexibility, whereas sub option a1 can be excluded as it seems to impose strict restriction.

	Qualcomm
	a4
	It requires the least complexity for all entities (UE, gNB and CN)

	Samsung
	A2, A3
	Do not support A1. A2 is preferred for simplicity. However, if majority view is to have flexibility, A3 can be supported.

	MediaTek
	A4 or A5
	A5: The number of subgroups is decided by RAN, but it should be no less than the number of subgroups assigned by CN

	OPPO
	A3
	Share the same view as Huawei.

	ZTE
	A2, A4
	

	CATT
	a3
	Agree with above comments from Xiaomi and Huawei.

	vivo
	A4
	The number of subgroups is restricted by the available bits in PDCCH or sequence number which is used to indicate the UE subgroup. In order to obtain the maximum power saving gain, all available bits/sequences should be used. In this way, the number of UE groups could be as many as possible from network point of view. Besides, supporting different number of assigned subgroups will also lead complexity for NW mechanism to determine UE subgroup. Thus, unified number of UE subgroups is expected.  
A2 A3 is related to whether the co-existence case could happen. If not, then, we think there is no need to have coordination/information exchange between RAN and CN for subgrouping number. If Yes, it is then related to whether the subgroup assigned by CN is overlapped with UE_ID based subgroup. 
Option A1 can easily achieve the unified subgrouping number within the registration area, which is the simplest way. A1 is also acceptable.

	LGE
	A3’
	We wonder if all cells are capable of option a1/a2 or a4. 
Option a3 is more complex than option 2. So we propose to use UE ID based subgroup if the condition in a3 is met though the subgroup ID is assigned by CN.
Option a3’: UE applies UE ID based subgroup if the ID assigned by CN is larger than the number of subgroup supported by RAN.

	Intel
	a3 or a4 
	As in our response to Q1, Option a4 looks simple enough but we are not sure if it is possible to ensure that all cells in the paging area can be the same. Option a3 allows for the flexibility of having different number of subgroups for a cell in the paging area.

	Apple
	A3 or A4
	A3 provides the RAN, the much needed flexibility to do the subgrouping based on CN input. 

	Lenovo
	A3
	A mapping rule could be further discussed to avoid the negotiation between CN and RAN caused by other method.

	Nokia
	A3
	RAN may benefit from using fewer or more subgroups than CN, therefore we should not impose a single subgroup size in the TA/RA. Each cell may want to assign its RAN subgroups e.g. to optimize the decoding performance of the PEI + L1 subgrouping indication.  For example, if DCI-based PEI is adopted, the maximum number of bits for the L1 subgrouping indication may depend on the frequency range, PDCCH and paging configuration, cell size, etc. Thus, a subgrouping remapping at RAN should be supported.

	Sequans
	a5, ok with a4
	Since subgrouping is based on CN implementation, it is unclear to us how gNB can reduce the number of groups in a meaningful fashion (unless gNB provides this information, which seems way too complex).
Does a2 imply a different number of groups per gNB but decided by CN? This seems unlikely to be implemented. Otherwise, this is the same as a4, no?

	Ericsson
	Option A4' is preferred, or option A4/A2. 
	In our view not every cell in the registration area should be required to support CN assigned group ID, i.e. support of CN subgrouping support is indicated in system information. 
The difference between A4 and A2 is also not perfectly clear to us, i.e. in A4 the RAN is not informed about the number of groups the CN uses? We think it is efficient when the RAN knows the number of bits that the CN subgroup ID may require.  
We also find it inconsistent when option 1 is used together with A3, i.e. CN selects and explicit ID, which then can be "remapped" (changed) in RAN, i.e. in our view this means that RAN selects the group ID. 

	Futurewei
	A3 or A4
	A3 provides certain flexibility to RAN, however, the re-mapping needs to be done carefully to not ruin the false alarm performance that the CN-assigned subgrouping ID is originally target at. Meanwhile, A4 is relatively simple.

	Sharp
	A4
	A4 is simplest.

	DENSO
	a4
	For option a3, we wonder what mapping rules are used, which can be complicated. Also, due to the mapping rules, UEs with different characteristics may be assigned to the same subgroup ID. If option1 is assumed, all the cells within the registration area should support the same number of subgroups to avoid these problems.
If it is desirable to have the different numbers of subgroups per cell for network flexibility, option 2 should be supported instead of option 1/a3.



Summary 3: Companies’ views on the following options on CN or RAN to decide the number of subgroups:
· Option a1: The total number of subgroups is fixed and specified (0)
· No support 
· Option a2: The total number of subgroups is decided by CN and informed to RAN (3)
· 3 companies supported this option, one of which also supported A3 and the other company indicated preference of a4/a4’ and see no difference of a2 from a4/4’ 
· Option a3: The total number of subgroups is decided by RAN with mapping rules from CN subgroup ID to RAN subgroup ID if the ID from CN is larger than RAN (11)
· 11 companies supported this option to allow full flexibility for CN and RAN, 3 of which indicated also support option a4 and 1 indicated support also a2.
· 1 company pointed out remapping could be applied when RAN supports more subgroups than CN assignment.
· Option a3’: UE applies UE ID based subgroup if the ID assigned by CN is larger than the number of subgroups supported by RAN (added by LG). (1)
· 1 company supported this option. It is one remapping possibility for a3, can focus on a3 for now.
· Option a4: all the cells within the registration area supports the same number of NW assigned subgroups (11)
· 11 companies supported this option, 2 of which indicated also supporting option a3 and 2 of them indicated supporting also a5.
· Option a4': all the cells within the registration area that support paging subgrouping use the same number of NW assigned subgroups [8] (added by Ericsson) (1)
· One company supported this option with NW capability taken into account. Since NW capability can be discussed separately, can be merged with option a4.
· Option a5: The number of subgroups is decided by RAN, but it should be no less than the number of subgroups assigned by CN (added from MTK’s comments) (2)
· 2 companies supported this option, but they are also ok with option a4. 
The key question boils down to whether RAN can decide the number of subgroups by itself without restriction to have same number for CN assigned subgroups for the whole registration area. This seems to be the main issue to be solved as it would impact other working groups.
Some companies prefer RAN decision to allow full flexibility and avoid interaction between RAN and CN, while some companies prefer to have the restriction to avoid subgroup ID remapping in RAN. 
Proposal 3: Online discussion and decide on whether RAN can decide the number of subgroups by itself without restriction of having same number for the whole registration area.
· Option a3: CN independently assigns the CN group ID and RAN independently decides total number of subgroups the cell support, i.e. remapping of CN assigned group ID to RAN subgroup ID is supported.
· For option 1: FFS on how the remapping is done
· For option 3: reuse NB-IoT, remapping is done based on CN assignment, NW configured subgroup set threshold, number of subgroups within the subgroup set and the UE-ID if more one subgroup within the set
· Option a4: All the cells within the registration area supports the same number of NW assigned subgroups, i.e. no remapping of CN assigned group ID to RAN subgroup ID.
· Some coordination might be needed between RAN and CN which impact other working groups
Proposal 3a: send LS to SA2/RAN3/CT1 together with the agreements made last week.
Question 4: For option 1 and 2, do companies think CN assignment should be prioritized over UE-ID based if both are supported? 
	Answers to Question 4

	Company
	Yes/No
	Technical comments

	Xiaomi
	Yes
	CN assignment is anyway more accurate than the randomization.

	Huawei, HiSilicon
	Yes
	CN assignment subgrouping method provides better power saving gain compared with randomization subgrouping.

	Qualcomm
	Yes
	Presumably CN uses all the available information to assign subgroups so that false alarm is reduced. Its assignment is better than UE-ID based one, which is generated only based on randomization.

	Samsung
	Yes
	

	MediaTek
	Yes
	

	OPPO
	Yes with comments
	This should be stated from UE’s perspective and based on the condition that the current cell supports CN assigned grouping.

	ZTE
	Yes,maybe
	Also we can find a way to unify the subgroup ID derived from UE ID based subgrouping and NW assigned subgrouping

	CATT
	Yes
	In our understanding, this is the underlying outcome of the earlier agreement, that is, UEID-based is only used if CN does not assign a subgroup.
	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)




	vivo
	Yes
	We have agreed in RAN2#113bis-e “If we go for network controlled subgrouping, 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).”. in our understanding, CN assignment should be prioritized over UE-ID based subgrouping if both are supported.
From UE perspective, if a subgroup ID is provided from CN, UE will apply CN-Controlled subgrouping for paging monitoring. Else, if the number of subgroups is provided from gNB, the UE applies UE-ID based subgrouping.

	LGE
	Yes
	

	Intel
	Yes
	As commented in Q1, the UE should follow the CN assignment.

	Apple
	Yes
	This is a direct fallout of our previous agreement which state UE-ID based subgrouping is a fallback option of CN based subgrouping is not supported.

	Lenovo
	Yes
	

	Nokia
	Yes but
	The question should probably be revised as whether CN assignment, if provided, is always taken into account. Since there could still be UE-ID based within the CN assignment group if RAN provides more subgroups, which is another open issue to be discussed for option 1, not necessarily limited to option 3.

	Sequans
	Yes
	

	Ericsson
	No
	In our understanding Question 4 assumes that CN assigned and UE-ID based grouping can be used in the cell at the same time. RAN2 did not agree on this yet. When the two methods can be used at the same time, then either the number of bits are not used efficiently when there is a hard split, or there are false alarms when they are shared. We do not see the use case why these two methods should be used simultaneously, i.e. we would like companies to explain why this would be needed?
We think that in practical and simple deployment scenario we have either a CN based grouping assignment based on UE characteristics or a simple RAN based UE-ID assignment, i.e. in CN and RAN are not coordinated this issues only needs to be considered. In exception case when CN and RAN are not coordinated we have a preference that RAN overwrites the CN assigned group ID.
In our view CN assigned and UE-ID based grouping should not be used simultaneously in the cell. In our view the CN assigns an ID to every supporting UE during registration. The CN can assign a default ID to UEs for which it does not have UE specific information. When the CN does not reply with a CN subgroup ID during registration, then CN subgrouping is not used. 

	Futurewei
	Yes
	However, RAN2 has not agreed that both methods can be used at the same time in a same cell. 

	Sharp
	Yes
	For simplicity, if CN supports CN-assigned subgrouping, it should always assign subgrouping ID for all supporting UEs, i.e. only during registration subgrouping ID may not be assigned.

	DENSO
	Yes but
	CN assignment based on UE characteristics should be prioritized over UE-ID based, that is, simple randomization. However, this does not support that CN assigned and UE-ID based grouping can be used in the cell at the same time. We agree with Ericsson in this regard.



Summary 4: For option 1 and 2, most companies think CN assignment should be prioritized over UE ID based subgrouping. 3 companies think it is possible RAN does not support CN assignment and one company think it should be possible to have unify the subgroup ID derived from UE ID based subgrouping and NW assigned subgrouping. 
Proposal 4: Confirm the following understanding on how option 1 and option 3 works with co-existence of CN assignment and UE-ID based:
· For option 1, CN assignment is prioritized over UE-ID based. FFS if the RAN capability discussion in question 7 would impact this.
· For option 3, reuse NB-IoT mechanism with UE-ID used for subgroup ID derivation within the subgroup set based on CN assignment and the RAN configured subgroup set if there are multiple subgroups within the set. RAN may also configure all the UEs within the same subgroup set.
Question 5: For option 1 and 2, do companies think UE-ID based subgroup ID could override CN assignment? 
	Answers to Question 5

	Company
	Yes/No
	Technical comments

	Xiaomi
	-
	What does not mean override?
Will CN assigned group ID still exit or it is overwritten?

Or you mean the UE-ID based subgroup ID will be used if gNB supports UE ID based subgroup only?

	Huawei, HiSilicon
	No
	We do not see the scenario and motivation to support this case.

	Qualcomm
	No
	If UE supports both and have two subgroup IDs, UE and gNB should use only the one assigned by CN.

	Samsung
	No
	

	MediaTek
	No
	

	OPPO
	Yes
	If the current cell does not support CN assigned grouping but support UE-ID based grouping, even though UE is assigned by CN with a subgrouping ID, UE should use UE-ID based grouping ID in this cell.

	ZTE
	-
	See above

	CATT
	No
	This could only happen if CN assigns a subgroup to the UE but gNB only supports UEID-based. But as mentioned in Q1, we don’t see the need for such independent support and would only consider subgrouping support as a whole. Hence, in our understanding, there is no case where UEID subgrouping could override CN-assigned subgrouping.

	vivo
	No
	See comments in Q4. 

	LGE
	Yes
	As replied in Q4, we also think the CN-assigned subgroup should be prioritized over UE-ID based subgroup. However, if a cell supports less subgroups than CN, the subgroup ID assigned by CN cannot be used in the cell. If UE uses UE ID based subgroup in this case, the first issue in option 1 can be resolved simply. 

	Intel
	No
	As commented in Q1, the UE should follow the CN assignment.

	Apple
	No
	UE should use the CN based subgrouping assignment in this scenario.

	Lenovo
	-
	If the gNB could only configure the UE-ID based subgrouping, our answer is yes.

	Nokia
	-
	See above

	Sequans
	No
	CN assigned grouping should be used if available and supported by UE. This does not necessarily exclude some kind of sharing (e.g. between CN-grouping-supporting and not supporting UEs if it will exist or as additional subgrouping within same CN group) 

	Ericsson
	Yes
	See Question 4. 
We see that most companies replied "no", i.e. companies seem to assume that UE-ID based assignment can be used in RAN when the CN supports CN based grouping, but did not assign a CN group ID to the UE during registration? Why would this happen? Most companies seem to view UE-ID based as a "fallback" mechanism for CN assignment when the CN did not assign an ID. 

	Futurewei
	No
	Unless the serving cell doesn’t support CN-assigned subgrouping or the anchor gNB of the UE doesn’t support paging subgrouping at all (meaning that the anchor gNB is incapable of forwarding the CN-assigned subgrouping ID to its neighbors).

	Sharp
	 No
	When CN doesn’t assign subgroup ID during registration, UE_ID based method is used. 

	DENSO
	-
	Maybe yes, in cases where gNB only supports UE_ID based or prefers to configure.



Summary 5: Related to question 4, for option 1 and 2, most companies think UE-ID based subgroup ID should not override CN assignment, while some companies think it is possible RAN only UE-ID based but not CN assignment and 1 company think remapping of CN group ID to RAN subgroup ID might have impact on this.
Proposal 5: after selection of option 1 or option 3 and conclusion of RAN capabilities, it can be further checked if any special case to be addressed.
Question 6: For option 1 or 2, which sub-option out of b1/b2/b3 do companies prefer for subgroups splitting in RAN for a cell with both NW assignment and UE-ID based subgrouping UEs? 
	Answers to Question 6

	Company
	Option b1/b2/b3
	Technical comments

	Xiaomi
	B2
	B2 is aligned with LTE. So we think it is the baseline.
Other options can be further considered.

	Huawei, HiSilicon
	See comments
	For “Option 1 CN assigns Subgroup ID”:
Option b3 is simple and seem enough, if both the CN and RAN support CN assigned subgrouping method, CN assigned subgrouping method can be used in a cell; if either the CN or the RAN cannot support CN assigned subgrouping method, RAN can further decided whether UE-ID based subgrouping method can be used in a cell.
If mixed CN assigned subgrouping and UE-ID based subgrouping method can be supported in a cell, we think that b2 should be excluded since the benefits of CN assigned subgrouping is eliminated by UE-ID based subgrouping, b1 can be one of the candidate solution

For “Option 3: Reuse NB-IoT framework”, b2 is preferred.

	Qualcomm
	b4
	Please see our comment to Q1

	Samsung
	B2, B3
	B3 is preferred over B2

	MediaTek
	B1
	Other options are also acceptable, but we think that if CN assigns subgroup IDs to some UEs, it means that CN wants to “protect” these UEs (because they are less frequently paged, or power sensitive). In that sense, other UEs should not share the same groups, otherwise the “false alarm rate” is increased. If extra subgroups can be supported, they can be used by “other” UEs (without CN assignment) to save some power.

	OPPO
	b1
	Since the two grouping schemes are independent, further grouping ID partitioning by hard split is required to mitigate false alarm among the two grouping schemes.

	ZTE
	B2
	

	CATT
	b2
	By far the simplest approach. Proponents of splitting groups should show the associated performance gains.

	vivo
	See Comments
	Firstly, in order to obtain the maximum power saving gain, all available bits in PDCCH/sequences for subgrouping should be used. The subgrouping radio resource should be common for both subgrouping methods.  
For B1, the power saving gain is limited because the subgrouping resource (e.g. PEI or PDCCH bits/sequences) cannot be fully used.
For B3, it is not clear how this option works in case of the mix of both NW assignment and UE-ID based subgrouping. it seems that separate subgrouping radio resource or separate mapping between PDCCH/sequence and subgroups are needed for different subgrouping method. 
For B2, we understand that the UEs having no CN assigned subgroup ID should not impact the paging for UEs with CN assigned subgroup ID.
Besides, we think network has the information of UE_ID. So that, the assigned subgroup for a UE could also consider the UD_ID based. In this way, a reasonable network/gNB will try to avoid to support co-existence of UE_ID based and CN-assigned subgroups in the same cell, which could reduce the false alarm due to subgroup overlapping.

	LGE
	B2
	The more subgroups, the more power saving gain. If CN-assigned and UE ID based subgroup uses separate subgroups, the power saving gain will be significantly reduced in a cell supporting either CN-assigned or UE ID based subgroup. 

	Intel
	b1, b2 or b4
	As in our response to Q1, Option b1, b2 or b4 option is acceptable to us.  Option b4 provides most flexibility in that it can be used to implement Option b1 or b2.  There is a possibility of false alarm with Option b2.  Option b1 is the simplest but hard partition may not lead to uniform distribution depending on the number of UEs that are assigned CN and RAN

	Apple
	B4/B2/B1
	We feel B4 is more flexible and can help to incorporate the requirements of B2 and B1.

	Lenovo
	B4
	It is flexible for gNB configuration and could include the other options.

	Nokia
	B1 or B4
	The UEs with CN assignment should not be mixed randomly with UEs without CN assignment with UE-ID based pure randomization, as otherwise those UEs within the subgroup might have negative impact on the subgroup with very low paging probability. Similar to option 3, the last subgroup (set) could be used for UE-ID. It is up to NW to allocate also CN assignment UEs there or not or only reserved for UE-ID based.

	Sequans
	b1
	b1 is simple and fine with us
b2 it is unclear what is meant by sharing, so hard to say
b3 seems maybe too restrictive
b4 given that we think that the number of CN groups cannot be reduced, this is not different than one of the other options

	Ericsson
	B3
	We do not see the need for simultaneous use of CN and RAN assignment in the cell. We assume that we have either a CN based grouping based on UE characteristics or a simple UE-ID based RAN assignment. We assume that if CN based grouping is supported all UEs receive a group ID during registration, and there is no need for a "fallback" to UE-ID based. 
Allowing CN assignment and UE-ID based at the same time leads to either inefficient use of the bits (hard split), or false alarms, and we do not see the need for this use case.

	Futurewei
	B3, B1, B4 in that order
	B3 is preferred for simplicity. B1 adds some flexibility and complexity. Then, B4 adds more flexibility and complexity on top of B1. If RAN2 agree that UEs are required to support both methods, then we don’t see the need for B1 or B4 anymore, and B3 would be good enough for NW implementation.

	Sharp
	B2,B3
	If subgrouping ID confusion only happens during registration, false alarm might not need to be solved.

	DENSO
	b3
	CN assignment and UE-ID based should not share the same subgroup. CN-assigned subgrouping based on UE characteristics may not work well by mixing with UE_ID-based subgrouping. Option b1 is OK, but b3 is preferable for simplicity.



Summary 6: Companies’ views on subgroups splitting among the UEs with CN assignment and UE-ID based (UEs without CN assignment) for option 1:
· Option b1: Hard split between CN assigned subgroups and UE-ID based subgroups with each broadcasted (7)
· 6 companies support this option, 3 of them also indicated b4 and 2 indicated also b2
· Option b2: CN assignment and UE-ID based can share the same subgroups (9)
· 8 companies support this option, some of which indicate it is the baseline from LTE probably due the question is not well formulated. The intention was about UEs with CN assignment and UEs without. But for NB-IoT, only the last subgroup set is shared for the UEs without CN assignment, but not all the subgroups.
· Option b3: either NW controlled subgrouping or UE ID based subgrouping is used in a cell without mixing them (5)
· 2 companies support this option 
· Option b4: gNB can decide by itself on the number of subgroups it wants to allocate to UE-ID based UEs. It is up to gNB implementation whether there can be any overlap between CN-assigned subgroups and UE-ID based subgroups in its cell. Although hard partition between two types of subgroups is desirable (for avoiding false alarm), we think we can leave that decision to gNB to “keep things simple” (5)
· 5 companies support this option
No clear majority on how it works for option 1. 
Proposal 6: Confirm the following understanding on subgroup split among UEs with and without CN assignment for option 1 and option 3:
· For option 1, FFS if the subgroups are split/shared among the UEs with and without CN assignment.
· For option 3, reuse NB-IoT mechanism that the UEs without CN assignment falls into the last subgroup set, the UEs with CN assignment it derives the subgroup ID based on the CN assignment, RAN configuration and UE ID.
3.2	UE and NW capabilities 
The discussion on capabilities would probably be easier after the functionality is a bit clearer, i.e. after the selection of which option is to be adopted in section 3.1. But we can have a preliminary discussion here. 
There are several options proposed for UE capabilities: 
Option 1: common capability for subgroup [4][10][13]
· Pros: 
· Fewer cases to address than allowing only one of NW assignment and UE-ID based is supported
· Single capability communication among CN, UE, and gNB or can be even implicitly based on the configurations/assistance information if supported
· Cons: 
· The UE needs to implement both  
Option 2: separate capability for NW assignment and UE-ID based [7][8][9][13][14]
· Pros: 
· More flexibility for UE implementation
· Cons: 
· more complexity for capability indication among CN, UE and gNB
· more complicated cases to address if CN, UE or gNB only support one of them
Option 3: UE supports only NW controlled subgrouping, or supports both, or supports neither [13]
Option 4:	UE supports only UE ID based subgrouping, or supports both, or supports neither [13]
Question 7: Which option do companies prefer on UE capability for subgrouping? 
	Answers to Question 7

	Company
	Option 1/2/3/4
	Clarifications on the options if needed

	Xiaomi
	Option1
	UE’s capability has nothing to do with the subgrouping method the network is using.

	Huawei, HiSilicon
	Option1
	Agree with the Pros listed by the moderator.

	Qualcomm
	Option 2
	NW-assigned subgrouping and UE-ID based subgrouping do involve implementation in different layers (NAS vs AS). RAN2 should not mandate UE to signal only one capability for features in two different functional units. For example, that will make product testing and IOTs more challenging.  Moreover, we don’t think having separate capabilities would make design more complicated, as long as we try to “keep things simple”. 

	Samsung
	Option 1
	

	MediaTek
	Option 1
	A reasonable UE implementation is to support both, or none.

	OPPO
	Option 2
	Agree with QC.

	ZTE
	Option 1 first
	if we would like to support separate capability, option 4 is our preference,

	CATT
	Option 1
	We don’t see any complexity difference from UE perspective in applying one or the other method. On the contrary splitting capabilities, including on the NW side, will increase the number of subcases thus increasing both implementation complexity and specification effort.

	vivo
	Option 1
	For Option 1, we agree with the above listed Pros.
For Option 2, if UE has separate capabilities of CN-Controlled or UE_ID based subgrouping, it may cause a mix of UEs in a cell using NW-assigned subgroup and UE_ID based subgroup. Once the mix of UE_ID based and CN-Controlled subgroups in the same cell exists, we should discuss whether the subgroup IDs from CN assigned and the subgroup IDs based on UE-ID should be overlapped. As we commented above, our understanding is that the UEs having no CN assigned subgroup ID should not impact the paging for UEs with CN assigned subgroup ID. Besides, option 2 will lead more complicated cases need to be address for subgrouping. 
In summary, Option 1 is preferred

	LGE
	Option 1
	A reasonable UE implementation is to support both, or none.

	Intel
	Option 1 or 2
	We think option 1 is sufficient from UE implementation point of view but from indicating inter-operability testing bit perspective, we may need option 2. 

	Apple
	Option 2
	Having separate capabilities keeps the distinction clear and the UE implementation simple.

	Lenovo
	Option 1
	Simple and reasonable, it is not necessary to support only one method from the view of UE.

	Nokia 
	Option 1
	Agree with others. 

	Sequans
	Too early
(option 2)
	We think this depends too much on how the solution actually looks. They could practically be the same from UE POV or very different.
A-priori, option 2 seems the default to us as it affords maximum implementation flexibility with a minor con; we do not think there is real complexity there – either CN+RAN+UE support CN grouping or it is not applicable; either RAN+UE support UE-ID based grouping or it is not applicable.

	Ericsson
	Option 1
	In general we would like to avoid too many UE capabilities. 
In case of option 1, we assume that if the UE indicates not support subgrouping during registration, the CN does not allocate a CN subgroup ID to the UE. When the UE indicates support for subgrouping, the CN may allocate a CN subgroup ID during registration (CN does not assign an ID when CN does not support the feature). When the UE supports subgrouping, and did not get a CN subgroup ID allocated during registration, then UE wakes up during following PO when PEI/DCI did not indicate its CN subgroup. If the gNG indicates to support CN based grouping, the UE uses the CN assigned group ID. Otherwise, if the gNB indicates UE_ID based assignment, the UE uses the UE-ID based subgroup.

	Futurewei
	Option 1
	Mandating UEs to support both methods shouldn’t add much more burden to the UEs than just supporting one.  

	Sharp
	Option 1
	

	DENSO
	Option 1
	



Summary 7: 15 companies support common capability, 5 companies support option 2 (one of them also ok with option 1), one company indicated it is too early to decide.
Proposal 7: Agree common UE capability for subgrouping.
For NW capability, it should have full flexibility in principle. For CN, it could choose to provide or not the subgroup ID /subgroup ID set/subgroup related information. If CN provides such information, RAN might still have the possibility to apply either one. For subgroup ID based options there were proposals that RAN can indicate all the subgroups indication bits are for UE-ID based or for CN-assignment based, or it explicitly indicates supporting one of CN-assignment and UE-ID based, or both; for option with NB-IoT mechanism, RAN has the flexibility to put all the UEs within the same subgroup set with configuration of the subgroup set threshold. Details of signalling can be discussed further after the architecture option in section 3.1 to be adopted is clear. 
Question 8: Do companies agree the RAN capability could be known based on broadcast information? FFS if explicit indication or implicitly based configuration.
	Answers to Question 8

	Company
	Yes/No
	Technical comments

	Xiaomi
	Yes
	gNB broadcasts whether to support CN-assigned subgrouping and/or UE-ID based subgrouping.
FFS the signalling.


	Huawei, HiSilicon
	Yes
	

	Qualcomm
	Yes
	gNB certainly can advertise which type(s) of subgrouping it supports, either implicitly (e.g. for UE-ID based) or explicitly (e.g. for CN-assigned).

	Samsung
	Yes
	

	MediaTek
	Yes
	

	OPPO
	Yes
	

	ZTE
	Yes
	

	CATT
	Yes
	RAN explicitly indicates supporting subgrouping (as a whole) via the broadcast of the total number of subgroups (Nsg).

	vivo
	Yes
	RAN capability could be known implicitly based configuration in broadcast information

	LGE
	Yes
	

	Intel
	Yes
	

	Apple
	Yes
	

	Lenovo
	Yes
	Implicitly known based on the configuration information.

	Nokia
	Yes
	Could be implicitly known based on configuration.

	Sequans
	Yes
	

	Ericsson
	Yes
	We think separate RAN capability for CN and UE-ID based assignment is needed. 

	Futurewei
	Yes
	A UE should be able to obtain the subgrouping capability of a cell while remaining in idle or inactive, hence such information should be obtained in the broadcasted SI, explicitly or implicitly. 

	Sharp
	Yes
	

	DENSO
	Yes
	



Summary 8: All the companies agree RAN capability could be known based on broadcast information. It can be further discussed with explicit indication or implicitly based configuration after the architecture is decided.
Proposal 8: RAN capability is known based on broadcast information. FFS with explicit indication or implicitly based configuration.
The different combinations of UE/gNB/AMF supporting/not supporting subgrouping or certain sub-feature of subgrouping could be for further discussion after the architecture options and capabilities discussions are concluded.
4	Conclusion
Summary 1: 
· The classification of the 3 options and the message sequence chart seems to be agreeable.
· There are some disagreements on the pros and cons list. There is no intention to endorse those pros and cons anyway but only to list the issues to be further discussed. 
· There are some different understandings of whether option 3 is excluded from the previous discussion. But if remapping is needed in RAN in the end as proposed by some of the sub-options in option 1, the subgroup ID itself is not assigned by CN, so there is no technical difference in that sense. 
Proposal 1: Use the listed 3 options as starting point for further discussions (parameter names can be further adjusted if needed).
· Option 1: CN assigns subgroup ID
· possible with or without remapping to RAN subgroup ID depends on the sub-options
· Option 2: CN assigns a set of subgroup IDs
· Similar to option 1 but with multiple subgroup IDs assigned from CN and the UE needs to choose the corresponding subgroup ID based on RAN configuration
· Option 3: Reuse NB-IoT framework 
· CN assigns subgrouping parameter, RAN can do remapping to subgroup ID based on the CN parameter and RAN configuration
Proposal 1a: To avoid confusion, possible to use “CN assigned group ID” as a common term for all the options for CN assignment to continue the technical functionality discussions on e.g.
· whether there is remapping of “CN assigned group ID” to “RAN subgroup ID (i.e. L1 indicated subgroup ID)”
· co-existence with UE-ID based subgrouping
· what configurations to be broadcasted in RAN
Summary 2: 
· 18 companies support option 1, different preference of how it should work (see discussions on questions 3 ~ 6)
· 7 of which indicated supporting also option 3
· some think functionality wise option 1 and option 3 are not that different.
· 3 companies indicated supporting also option 2
· 2 companies indicated it might not deserve the heavy discussion for subgrouping considering the limited power saving gain, even though they have indicated preference of option 1
· one of them proposed simplification of the option by “define UE ID value range for UE upon a certain attribution” 
·  3 companies support option 2, but they are also fine with option 1
· Most other companies think option 2 is too complicated or do not see the benefit.
· 8 companies support option 3
· 7 of which indicated also option 1
· some companies think functionality wise option 1 and option 3 are not that different.
Proposal 2: Option 2 is excluded. Continue online discussion on option 1 and 3 focusing on the detailed functionalities we are trying to achieve from Q3~Q6. 
Summary 3: Companies’ views on the following options on CN or RAN to decide the number of subgroups:
· Option a1: The total number of subgroups is fixed and specified (0)
· No support 
· Option a2: The total number of subgroups is decided by CN and informed to RAN (3)
· 3 companies supported this option, one of which also supported A3 and the other company indicated preference of a4/a4’ and see no difference of a2 from a4/4’ 
· Option a3: The total number of subgroups is decided by RAN with mapping rules from CN subgroup ID to RAN subgroup ID if the ID from CN is larger than RAN (11)
· 11 companies supported this option to allow full flexibility for CN and RAN, 3 of which indicated also support option a4 and 1 indicated support also a2.
· 1 company pointed out remapping could be applied when RAN supports more subgroups than CN assignment.
· Option a3’: UE applies UE ID based subgroup if the ID assigned by CN is larger than the number of subgroups supported by RAN (added by LG). (1)
· 1 company supported this option. It is one remapping possibility for a3, can focus on a3 for now.
· Option a4: all the cells within the registration area supports the same number of NW assigned subgroups (11)
· 11 companies supported this option, 2 of which indicated also supporting option a3 and 2 of them indicated supporting also a5.
· Option a4': all the cells within the registration area that support paging subgrouping use the same number of NW assigned subgroups [8] (added by Ericsson) (1)
· One company supported this option with NW capability taken into account. Since NW capability can be discussed separately, can be merged with option a4.
· Option a5: The number of subgroups is decided by RAN, but it should be no less than the number of subgroups assigned by CN (added from MTK’s comments) (2)
· 2 companies supported this option, but they are also ok with option a4. 
The key question boils down to whether RAN can decide the number of subgroups by itself without restriction to have same number for CN assigned subgroups for the whole registration area. This seems to be the main issue to be solved as it would impact other working groups.
Some companies prefer RAN decision to allow full flexibility and avoid interaction between RAN and CN, while some companies prefer to have the restriction to avoid subgroup ID remapping in RAN. 
Proposal 3: Online discussion and decide on whether RAN can decide the number of subgroups by itself without restriction of having same number for the whole registration area.
· Option a3: CN independently assigns the CN group ID and RAN independently decides total number of subgroups the cell support, i.e. remapping of CN assigned group ID to RAN subgroup ID is supported.
· For option 1: FFS on how the remapping is done
· For option 3: reuse NB-IoT, remapping is done based on CN assignment, NW configured subgroup set threshold, number of subgroups within the subgroup set and the UE-ID if more one subgroup within the set
· Option a4: All the cells within the registration area supports the same number of NW assigned subgroups, i.e. no remapping of CN assigned group ID to RAN subgroup ID.
· Some coordination might be needed between RAN and CN which impact other working groups
Proposal 3a: send LS to SA2/RAN3/CT1 together with the agreements made last week.
Summary 4: For option 1 and 2, most companies think CN assignment should be prioritized over UE ID based subgrouping. 3 companies think it is possible RAN does not support CN assignment and one company think it should be possible to have unify the subgroup ID derived from UE ID based subgrouping and NW assigned subgrouping. 
Proposal 4: Confirm the following understanding on how option 1 and option 3 works with co-existence of CN assignment and UE-ID based:
· For option 1, CN assignment is prioritized over UE-ID based. FFS if the RAN capability discussion in question 7 would impact this.
· For option 3, reuse NB-IoT mechanism with UE-ID used for subgroup ID derivation within the subgroup set based on CN assignment and the RAN configured subgroup set if there are multiple subgroups within the set. RAN may also configure all the UEs within the same subgroup set.
Summary 5: Related to question 4, for option 1 and 2, most companies think UE-ID based subgroup ID should not override CN assignment, while some companies think it is possible RAN only UE-ID based but not CN assignment and 1 company think remapping of CN group ID to RAN subgroup ID might have impact on this.
Proposal 5: after selection of option 1 or option 3 and conclusion of RAN capabilities, it can be further checked if any special case to be addressed.
Summary 6: Companies’ views on subgroups splitting among the UEs with CN assignment and UE-ID based (UEs without CN assignment) for option 1:
· Option b1: Hard split between CN assigned subgroups and UE-ID based subgroups with each broadcasted (7)
· 6 companies support this option, 3 of them also indicated b4 and 2 indicated also b2
· Option b2: CN assignment and UE-ID based can share the same subgroups (9)
· 8 companies support this option, some of which indicate it is the baseline from LTE probably due the question is not well formulated. The intention was about UEs with CN assignment and UEs without. But for NB-IoT, only the last subgroup set is shared for the UEs without CN assignment, but not all the subgroups.
· Option b3: either NW controlled subgrouping or UE ID based subgrouping is used in a cell without mixing them (5)
· 2 companies support this option 
· Option b4: gNB can decide by itself on the number of subgroups it wants to allocate to UE-ID based UEs. It is up to gNB implementation whether there can be any overlap between CN-assigned subgroups and UE-ID based subgroups in its cell. Although hard partition between two types of subgroups is desirable (for avoiding false alarm), we think we can leave that decision to gNB to “keep things simple” (5)
· 5 companies support this option
No clear majority on how it works for option 1. 
Proposal 6: Confirm the following understanding on subgroup split among UEs with and without CN assignment for option 1 and option 3:
· For option 1, FFS if the subgroups are split/shared among the UEs with and without CN assignment.
· For option 3, reuse NB-IoT mechanism that the UEs without CN assignment falls into the last subgroup set, the UEs with CN assignment it derives the subgroup ID based on the CN assignment, RAN configuration and UE ID.
Summary 7: 15 companies support common capability, 5 companies support option 2 (one of them also ok with option 1), one company indicated it is too early to decide.
Proposal 7: Agree common UE capability for subgrouping.
Summary 8: All the companies agree RAN capability could be known based on broadcast information. It can be further discussed with explicit indication or implicitly based configuration after the architecture is decided.
Proposal 8: RAN capability is known based on broadcast information. FFS with explicit indication or implicitly based configuration.
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