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1 Introduction

In RAN2#103bis meeting, RAN2 has agreed UE_ID based grouping would be supported for UE-Group based WUS. With cooperation of SA2, RAN2 has agreed to support paging probability based WUS grouping. [3, 6] (LS in and LS out) [6, 7] (RAN2 minutes). 
At RAN2#107 [7], the following agreements were made; 

	Agreements

· Paging probability information is negotiated between the UE and MME via NAS signalling

· This paging probability information needs to be provided by S1 paging 

· eNB configures, via broadcast, the relation between this paging probability information and WUS group on Uu interface.



Furthermore, configuration details of UE-ID and paging probability based WUS groups (ZTE), [x] over an email discussion, [107#57][NB-IoT/eMTC R16], was agreed . The prupose of the email discussion is to agree on further impact and design details to be concluded at the next RAN2#107bis meeting.
And last the following reply LS to SA2 was agreed [8].

· For the second question
· After discussion at RAN2#107, it was observed that if the MME is not aware that the UE is being paged using WUS, then the MME may have a wrong understanding on when the UE will actually be paged.

In R16, RAN1[9] has agreed that up to 2 time-multiplexed WUS resources may be configured for NB-IoT and up to 4 orthogonal WUS resources for eMTC.. The related agreements for NB-IoT and MTC are as follows:
NB-IoT

	RAN1#96bis agreement:

Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.
Group WUS location in relation to legacy WUS may be configured such that:

· If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,

· If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.
RAN1#98 agreement:

The maximum number of UE groups per WUS resource is 8.


MTC:
	RAN1#98 agreement:

Both options can be configured simultaneously to have up to 4 orthogonal WUS resources including legacy WUS resource

· Up to 2 orthogonal resources including legacy WUS resource may be configured in time domain

· Up to 2 orthogonal resources may be configured in frequency domain

Note: The two orthogonal resources do not necessarily include the legacy WUS resource.
RAN1#98 agreement:

The maximum number of UE groups per WUS resource is 8.
The specification supports configurability to enable UE group to be changed among WUS resources.

FFS: Details including implicit/explict signalling


In this contribution, we discuss some aspects on supporting the operation of UE-group WUS for MTC related to MME awarness and involvement in WUS grouping.
2 Discussion
Subgrouping of UEs within a WUS allows only a subgroup of UEs to be woken up by the WUS for a paging occasion (PO). The UE subgrouping operation will reduce the number of UEs having to wake up unnecessarily to detect MPDCCH and decode PDSCH. Thus, it reduces UE power consumption for such UEs. In this document we first address the UE grouping in relation to WUS from MME perspective then we discuss mapping of UE groups into potential WUS resources and its configurability. 
2.1 MME and WUS
As mentioned in a number of papers e.g. see R2-1906161 [4] and R2-1906620 [5] the purpose and an important aspect of WUS is of course to reduce the number of false paging.

Both in [4], and [5] analyses show that additional grouping beyond the traditional IMSI based grouping is needed.

And we think that additional grouping would benefit of not being based on IMSI, but on other aspect like paging probability. This is because of that UEs with different paging rate can then be organized within the same group in order to limit the false wake up.

The benefit is mainly for UEs with low paging rate, as they will not wake up each other than rather seldom. For UEs with high paging rate, the false wake up can be assumed to be more or less the same as not having further grouping. 
Observation 1: Further subgrouping has now been agreed in RAN2 and SA2, as mentioned in the introduction.

Initially the CN has no statistics on paging events and can then only use subscription and/or provisioned traffic characteristic information. However, over time the CN gathers statistics and can use this information to reassign the UE to a group with e.g. lower or higher paging probability.

When assigning UEs to the subgroups, the MME also needs to consider the number of devices assigned into each subgroup. In the extreme case all UEs could be assigned the same group if it is only based on the type of service, then the subgrouping is not useful. A very high number of devices will generate high risk for false wake-up. 
Proposal 1: The MME shall assign a UE to an initial WUS group during Attach and/or TAU.

Some UEs may have a paging probability that may vary over time, or that it differs between different time periods. For instance some devices may need to be reached more frequently during e.g. 8-9 in the morning, and seldom for the rest of the day , or not at all. This would imply that also paging probability for certain time periods should be considered when grouping the UEs.

Proposal 2: Paging probability for certain time periods maybe considered when grouping the UEs.
Proposal 3: Over time the CN should be able to update the WUS grouping based on e.g. paging event statistics and subgroup size, which can be done during the TAU procedure, or other NAS procedure, e.g. SR triggered by Paging
RAN WG1 have decided that the number of WUS groups can be up to eight groups for each available WUS resource, [RAN1#98 agreement above]. The MME will manage the UE grouping and provide the subgroup number, e.g., (0..7), to the UE, if the UE has indicated support for WUS subgrouping in the Attach or TAU request.
Observation 2: UE needs to indicate support of WUS grouping to the MME.

Based on the WUS group number and WUS group configuration (described below), the UE will monitor WUS in the assigned radio resource in conjunction with the Paging Occasion (PO) according to its DRX cycle. 

The MME will include the WUS group number in paging message to the eNB when MME page the UE. RAN uses the WUS group number to activate WUS signal in the specific radio resource. There is no need to include more traffic information related to the UE, than what is already defined, in the paging message sent to the eNB. With this approach the logic in the eNB and UE can be kept simple.
Observation 3: The eNB only needs the WUS group number to activate the WUS correctly.

Proposal 4: The MME assigns the WUS group number, and the WUS group number is the only new information element sent to the eNB in the paging message from the MME (or AMF)
2.2  WUS group and WUS resource
In the on-going NB-IoT/MTC Rel.16, the WUS in Rel.-15 is referred to as legacy WUS (L-WUS) to make it distinguishable from the Rel-16 WUS, i.e., common WUS (C-WUS) and WUS group (G-WUS). 
· UE group wake-up signal (G-WUS) is used  to wake up a certain UE group
· Legacy wake-up signal (L-WUS) is transmitted  for waking up UEs supporting Rel.15 (previous release).
· Common wake-up signal (C-WUS) is used  to wake-up all UEs that have been assigned to monitor the same WUS resource.

Furthermore, WUS resource used for WUS transmission can either be shared between in Rel 15 and Rel 16 or a separate resource used for each of them. 
Observation 4: Considering there are multiple WUS transmissions at the same time, the eNB needs to map those WUS to the physical resources (WUS resource) and makes the UE be aware of that mapping.

It has also been agreed that a WUS resource can support up to 8 WUS groups. Hence, up to 32 WUS groups for MTC and up to 16 WUS groups for NB-IoT can be supported in case all WUS resources are activated. The eNB assigns the number of WUS groups in a WUS resource. Considering multiple WUS resources are available, the eNB may distribute the number of supported WUS groups in all of those WUS resources. The number of groups can be equally distributed in each WUS resources. It can also be unequally distributed, such as one WUS resource has more groups than the others or one WUS resource is a shared WUS resource (support both rel.15 and rel.16 UEs). Example scenarios for MTC are illustrated in Figure 2. There are 8 WUS groups as illustrated in (a)-(c). In (a), the WUS groups are equally distributed so that each WUS resource supports 2 WUS groups. In (b), the WUS groups are unequally distributed. In (c), it is almost similar as (a) however it is with 1 WUS shared resource (group L is legacy UE rel.15). In (d) the UE WUS groups are equally distributed and there is also a dedicated WUS resource for legacy (L) UE rel.15. Similar approach or example can be used for NB-IoT.


Figure 2: Group WUS distribution in multiple resources
Proposal 5: On multiple WUS resources, the number of UE groups can be equally/unequally distributed to those WUS resources. However, we prefer equally distributed one.

Considering many UE groups can be supported on multiple WUS resources, the WUS grouping assignment to a WUS resource should be based on certain criteria or objective. One of the objectives is to support fairness in paging performance such that blocking is avoided/minimized, reduced false wake-up and low UE power consumption. For example, if a WUS group is shared with a group for legacy UEs, there could be the case that eNB needs to frequently page legacy UE due to the enormous number of legacy UE. In this case, the WUS group has a small opportunity to be paged and causing blocking for the WUS group. Another example for fairness, assuming there are two TDM-ed WUS resources each with 3 WUS groups as illustrated in Figure 3. In this example, if being paged, UE in group 4-6 will always “wake-up” earlier than the UE in group 1-3 and lead in increasing power consumption.



Figure 3: Illustration of TDM-ed 2 WUS resources
Observation 5: Some of UE-groups may have better mapping than the others. (e.g the UE groups assigned in a non shared WUS resource). 
The WUS grouping assignment to WUS resources should target to support fairness in paging performance such that blocking is avoided, reduced false wake-up, and low UE power consumption.

An example of the configurability is shown in  Figure 5. Here, there are 8 UE groups distributed equally and a shared WUS resource. UE groups are rotated across different WUS/PO occasion. For further study whether explicit signaling on the configurability (e.g. pattern/hopping) may be required or not.



Figure 5: Configurability of UE groups and WUS resources
Proposal 6: To support fairness, the WUS group can be rotated between different WUS resources. 
We consider configurability options to provide fairness among WUS groups in multiple WUS resources. If the groups can switch from one WUS resource to another then fairness issue as shown in Figure 3 can be achieved.

Observation 6: Configurability mechanism to enable UE group to be changed among WUS resources can result in achieving the aforementioned target.
The discussion above shows the configuration/mapping procedure of WUS and its resources strongly influence the possible energy saving and paging latency. Therefore, not only the base-station needs to have strategy to find a good trade-off but also it needs to notify the UE so that the UE is aware of that configuration.

Furthermore, various base-stations in a network could be configured differently and UE can move from one base-station to another. Hence, a UE needs to be aware of the cell-specific WUS configuration prior to the WUS reception. 

Observation 7: On supporting configurability to enable UE group to be changed among WUS resources should consider to support mobility in WUS operation, particularly when the UE moves from one cell to another.

3 Conclusions

In this contribution, the following observations and proposals are made:
Observation 1: Further subgrouping has now been agreed in RAN2 and SA2, as mentioned in the introduction.

Proposal 1: The MME shall assign a UE to a WUS group during Attach and/or TAU.
Proposal 2: Paging probability for certain time periods should be considered when grouping the UEs

Proposal 3: Over time the CN should be able to update the WUS grouping based on paging event statistics, which can be done during the TAU procedure, or other NAS procedure, e.g. SR triggered by Paging.
Observation 2: UE needs to indicate support of WUS grouping.
Observation 3: The eNB only needs the WUS group number to activate the WUS correctly.

Proposal 4: The MME assigns the WUS group number, and the WUS group number is the only new information element sent to the eNB in the paging message from the MME (or AMF).

Observation 4: Considering there are multiple WUS transmissions at the same time, the eNB needs to map those WUS to the physical resources (WUS resource) and makes the UE be aware of that mapping.

Proposal 5: On multiple WUS resources, the number of UE groups can be equally/unequally distributed to those WUS resources. However, we prefer equally distributed one.

Observation 5: Some of UE-groups may have better mapping than the others. (e.g the UE groups assigned in a non shared WUS resource). 

Proposal 6: To support fairness, the WUS group can be rotated between different WUS resources. 
Observation 6: Configurability mechanism to enable UE group to be changed among WUS resources can result in achieving the aforementioned target.
Observation 7: On supporting configurability to enable UE group to be changed among WUS resources should consider to support mobility in WUS operation, particularly when the UE moves from one cell to another.

4 References
[1]. R2-1903418” Feasibility of MO/MT service type based WUS grouping” , Huawei, HiSilicon
[2]. (R2-1908260
[LS on assistance indication for WUS grouping 
[3]. Minutes RAN2#106, Reno
[4]. Minutes RAN2#107, Prague

[5]. S2-1908147, Reply LS on assistance indication for WUS grouping

[6]. R2-1908661
Reply LS on assistance indication for WUS grouping (LS in from SA2)
[7]. R2-1911589
[Reply LS on assistance indication for WUS
(LS out to SA2)
[8]. Minutes RAN1# 98, Prague, August 2019-
[9]. [107#57][NB-IoT/eMTC R16] Configuration details of UE-ID and paging probability based WUS groups (ZTE)
g5,g6





g3,g4





g1, g2





g7,g8





Paging





Tgap





(a)





g7





g4,g5,g6





g8





g1, g2,g3





Paging





Tgap





(b)





g5,g6





g3,g4





g7,g8





g1, g2, L





Paging





Tgap





(c)





g3,g4





g1,g2





g5,g6





L





Paging





Tgap





(d)





g4,g5,g6





g1,g2, g3





Paging





Tgap





R2





R1





g7,g8





g5,g6





g3,g4L





g1,g2





R1





R4





R2





R3





g1,g2





g7,g8





g5,g6,L





g3,g4





R1





R4





R2





R3





g3,g4





g1,g2





g7,g8,L





g5,g6





R1





R4





R2





R3





g5,g6





g3,g4





g1, g2, L





g7,g8





R1





R4





R2





R3





Time









