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[bookmark: _Ref165266342]1 Introduction
In RAN2#113 meeting, we had discussed subgroup schemes according to email summary [1] on the subgroup ID determination, and the agreement is shown as below:
· There is support to have UE ID based enhancement
· There is still significant interest to have other additional methods (but also some concerns). The approach to have a single mechanism that can take several aspects into account can be a way forward. There are still questions on the details, e.g. whether CN or RAN would provide a parameter. 
It is concluded that we should make a decision whether subgroup schemes should be used and how to assign subgroup ID to UE. Therefore in this contribution, we will analyze these and give our preference.
2 Discussion
2.1 Backgrounds of subgrouping
Before analysing specific schemes, we would like to introduce the essence of subgroup. Considering the scenario of introducing PEI, the whole power consumption as modelled below:
Power consumption = P_paging * a% + P_no paging * (1 - a%)


Fig.1 power consumption of paging process
As seen in Fig.1, P_paging stands for case 1 power consumption, which means there is a paging message sent, then UE needs to wake up to perform paging process. P_no paging stands for case 2, which means there is no any paging message sent, then UE can sleep early to save power. The factor a stands for the probability of a PO being paged. 
No matter PEI or subgroup, our goal is to reduce the whole power consumption, introducing PEI can switch UE power consumption to P_no paging, which is a lower value compared with P_paging. As for UE subgroup, one PO can be divided into some groups which means decreasing the probability of paging, that is the factor a. Here we analysed the effect of this factor as shown below.
Table 1 paging probability in each subgroup
	100 UEs (1%) in a PO
	paging probability
(i.e. a%)
	10 UEs (1%) in a PO
	paging probability
(i.e. a%)

	UE_ID only
	1 group
	63.4% 
(~60%)
	UE_ID only
	1 group
	9.6%
(~10%)

	
	2 groups
	39.5%
	
	2 groups
	4.9%

	
	4 groups
	22.2%
	
	4 groups
	2.9%

	
	8 groups
	11.4%
	
	8 groups
	2.0%

	Note: the paging probability of every single UE is 1% and 1 group means no subgroup scheme is used. “TBD” means different schemes can get different paging probability.


As we found that subgroup can decrease the power consumption based on the factor a%. If the paging probability of PO is up to 60%, then there is a room for decreasing a%. Otherwise, PO which is 10% paging probability can not benefit a lot from subgroup. Therefore, we concluded qualitatively that subgroup can achieve power saving gain when paging probability is high, but less gain for low paging probability.
Observation 1: Subgroup can achieve power saving gain when paging probability is high, but less gain for low paging probability.
Hence, we prefer to design subgroup as simply as possible. UE-ID only subgrouping is a considerable solution, and other subgrouping schemes can be further discussed.
Proposal 1: Subgroup schemes should be designed as simply as possible, and UE-ID only subgrouping is a considerable solution.
2.2 Subgroup ID determination
Besides UE-ID subgrouping, there is still significant interest to have other additional methods. Basically there are two solutions:
Method 1 Formula derivation
gNB provides subgroup information via broadcast and some specific parameters can be given by gNB/CN, then gNB/UE can calculate subgroup ID based on formula. And there are two typical schemes. One is UE-ID as mentioned before. Another is paging probability.
For the former, gNB and UE need to specify a formula such as Subgroup ID = floor((UE_ID / (N * Ns)) mod Ng ). And gNB broadcast the parameter Ng (i.e. the number of subgroups). If UE-ID only is considered, no matter CN or RAN paging, there is no impact on CN by formula derivation.
For the latter, even though paging probability has been specified in NB-IoT paging mechanism. We see some difference considering in NR when the UE is required to be paged in inactive mode. The first question is do we need to assign another probability (i.e. Pas) for UE in inactive mode by RAN instead of the CN？


Fig.2 probability are used for subgroup
[bookmark: _GoBack]For CN paging in idle mode, UE and CN need to negotiate Pnas (probability from CN side) so that CN can send paging message including Pnas to gNB. Then gNB and UE use Pnas and broadcast information (e.g. the number of group, probability threshold and so on) to calculate subgroup ID based on formula. When UE moves to inactive mode, it is likely gNB will send Pas to UE via RRC release and store it as inactive AS context. In this case, UE will use Pas to determine subgroup ID for both RAN and CN paging. An exception is that for CN paging in inactive mode, gNB also receive Pnas from CN paging message, so which paging probability is used should be specified. We think in this case, Pas can be reused by gNB to page the UE.
Observation 2: For probability scheme, RAN2 is suggested to further discuss the following issues:
· Will gNB assign another paging probability (Pas) for inactive UE？
· How to use the paging probability for subgrouping by formula derivation when UE has two paging probability？
Method 2 Network assigned subgroup ID
gNB/CN directly assign subgroup ID to UE by taking paging probability, power consumption profile and so on into consideration. For idle UE, CN or RAN can assign subgroup ID to UE. For inactive UE, RAN can assign subgroup ID. Here we give an example for RAN providing subgroup ID assignment for both cases.


Fig.3 gNB assignment for subgroup ID
For CN paging in idle mode, gNB assigns subgroup ID to UE via RRC release, also provides this ID to CN for storage. When CN sends paging message including subgroup ID to gNB, gNB can page UE based on subgroup ID from paging message. For RAN paging in inactive mode, gNB assigns subgroup ID to UE via RRC release and store it as inactive AS context. When data arrived, gNB can page UE based on subgroup ID from context. For CN paging in inactive mode, CN will send paging message but not including subgroup ID, now gNB should be specified to use subgroup ID stored in context to page UE. Note that since gNB can take a lot of factors into consideration for subgrouping ID decision. It may involves getting assistance information from CN or the UE.
There is a problem if the subgroup criterion and decisions are not consistent over a TA or RNA area as shown in Fig.4. When UE enters RRC idle/inactive mode and receives a subgroup ID 3 from gNB1 via RRC release message. UE will use this ID 3 to monitor PO subgroup all the time even if cell reselection happens. In this case, UE moves to another gNB which has a different subgroup ID configuration (only two subgroup ID {1, 2}) as show below, the subgroup ID mismatching happens. We think there are two solutions can solve it. One is network should keep all the cells under TA/RNA with same subgrouping policy, which means negotiations of the total subgrouping number between the network nodes are required. Another is network provide a remapping function e.g. hash function which seems very complex.


Fig.4 subgroup ID assignment when cell reselection happens
Observation 3: For the network assigned subgroup ID, RAN2 is suggested to further discuss the following issues:
· How to keep same policy in TA
· How does network provide remapping function to handle subgroup ID mismatch across gNBs
Based on the analysis, there is basically no difference the formula derivation schemes (UE ID, or the paging probability) from the network assigned subgrouping ID if we call all those factors ((UE ID, the paging probability or subgrouping ID) are just paging parameters assigned by the network (RAN/CN). The formula derivation schemes (UE ID, or the paging probability) would be more universal than the network assigned subgrouping scheme when crossing the network entities when the UE moves. That is the reason why they do not need negotiations between gNBs beforehand while for the later it needs. And a simple solution is that all the gNB in the TA will have a maximum grouping numbers, like 4 or 8. While for the network assigned subgrouping ID, it also has the pros of more flexibility allowing the gNB to consider other factors e.g. paging probability, power consumption profile into consideration when assigning the subgroup ID. We think both can be considered.
Proposal 2: Both formula derivation and network assigned subgroup ID can be further considered:
	If probability scheme is considered, RAN2 is suggested to further discuss the following issues:
· Will gNB assign another paging probability (Pas) for inactive UE?
· How to use the paging probability for subgrouping by formula derivation when UE has two paging probability?
	If network assigned subgroup ID is considered, RAN2 is suggested to further discuss the following issues:
· How to Keep same subgrouping policy in TA/RNA
· How does network provide remapping function to handle subgroup ID mismatch across gNBs
3 Conclusions
Observation 1: Subgroup can achieve power saving gain when paging probability is high, but less gain for low paging probability.
Observation 2: For probability scheme, RAN2 is suggested to further discuss the following issues:
· Will gNB assign another paging probability (Pas) for inactive UE？
· How to use the paging probability for subgrouping by formula derivation when UE has two paging probability？
Observation 3: For the network assigned subgroup ID, RAN2 is suggested to further discuss the following issues:
· How to keep same policy in TA
· How does network provide remapping function to handle subgroup ID mismatch across gNBs
Proposal 1: Subgroup schemes should be designed as simply as possible, and UE-ID only subgrouping is a considerable solution.
Proposal 2: Both formula derivation and network assigned subgroup ID can be further considered:
	If probability scheme is considered, RAN2 is suggested to further discuss the following issues:
· Will gNB assign another paging probability (Pas) for inactive UE?
· How to use the paging probability for subgrouping by formula derivation when UE has two paging probability?
	If network assigned subgroup ID is considered, RAN2 is suggested to further discuss the following issues:
· How to Keep same subgrouping policy in TA/RNA
· How does network provide remapping function to handle subgroup ID mismatch across gNBs
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