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Discussion and decision
1 Introduction
The Rel 16 work-items for eMTC [1] and NB-IoT [2] enhancements include the following objective:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

WUS UE grouping has been discussed during Release 15 but due to various reasons it was not pursued (see [3]). 
RAN1 has started work on WUS UE grouping and has made some agreements (see [4]) and those relevant to RAN2 are listed below:

1. UE-group MWUS is supported based on eNB’s and UE’s capability.
2. Whether the network supports UE-group MWUS is done by higher layer signalling.

3. FFS: The number of UE groups is configured by SIB.

4. Note that the UE-group MWUS is UE optional

5. UE-group WUSs are only multiplexed in the same carrier as associated PO
Source company assumes agreements 1 - 4 are equally applicable to both eMTC and NB-IoT while agreement 5 is only applicable to NB-IoT.
RAN1 also studying the consequence of UE grouping on the basis:
· UE ID

· Coverage

· DRX/eDRX

· Gap configuration

· Services

This paper considers the RAN2 implications of support UE grouping on WUS channel.
2 Discussion
2.1 UE grouping

RAN1 studying 5-different methods for UE grouping.
Method 1: UE ID.
· This method is very similar to the way PO is determined, deterministic and easy to apply to varying number of groups (e.g. 2, 3, 4 etc). 
Method 2: Coverage

· This method can at maximum have the same number of groups as the number of coverage levels (e.g. 3 in NB-IoT and 4 in eMTC). The issue with this proposal is how does eNB know what coverage level UE is in at the time UE needs to be paged, which is not feasible in case of idle UEs. This could lead to multiple UE groups getting paged and diminish the benefit of grouping.
Method 3: DRX/eDRX

· It is understood that UEs using DRX belong to one group and UEs using eDRX belong to another group. This limits the number of groups to 2. Furthermore, if more UEs support eDRX then this group will be over utilized while DRX group underutilized hence diminish the benefit of grouping. Further subgrouping could be done for DRX group or eDRX group but not clear what parameter would be used for subgrouping.
Method 4: Gap configuration  

· There are a number of GAP configurations support in the specification (e.g. 40, 80, 160, 240, 1000 or 2000ms) but up to three gaps can be configured in a cell. The different gaps are there to allow for different UE implementations. Overtime UE implementations improve hence the need for longer gap reduces thus grouping will get concentrated towards the shorter gaps. Furthermore, it is very likely a large number of devices in an area use the same modem thus require the same gap which in turn will concentrate large number of UEs on a particular gap.
Method 5: Services


· To define groups based on service requires standardized service groups and a UE would need to be assigned to a particular group. Defining services will require study by other groups (such as SA2). Furthermore, a UE may support more than one service (e.g. a smart watch can be an IoT device that provides tracking, health reporting, voice calls). In such a case what service does the device belongs to.
In addition, the legacy UE is not aware of UE-group WUS. The monitored WUS may be regarded as that of the 1st UE group. The 1st UE group may include the legacy UEs and part of new UEs, which is depending on the percentage of grouping UEs. Further consideration is needed to let eNB balance the number of UEs within each group, with details discussed in Sect. 2.3.
Based on the above brief discussion it is proposed to define UE grouping based on at least UE ID and gap.

Proposal 1: RAN2 consider the baseline UE grouping is based on UE ID
2.2 Number of UE groups

Key reason for introducing UE grouping on WUS channel is to further optimise power consumption by minimising the need for UE to monitor the PO when UE is not actually paged. On the other hand, higher the number of UE groups supported by on the WUS channel, longer the WUS duration becomes hence requiring more power for UE’s to receive the WUS. Evaluation in [5] and shown in Figure 1 shows that power saving is not significant for more than 4 UE groups. 
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Figure 1:  WUS/DTX power saving gain vs. Number of UE groups for NB-IoT (Rmax=1024, DRX=2.56s)

Proposal 2: Up to 4 UE groups should be supported in a cell. 

As a baseline, UE distribution amongst the different groups considered to be uniform but it should still be possible for eNB to configure non-uniform distribution.

Proposal 3: Support uniform and non-uniform UE distribution amongst different groups supported in the cell. 

2.3 Distributing UEs amongst legacy and R16 WUS channels

In NB-IoT, Release 15 has at most one WUS channel on the carrier used for paging. This WUS channel does not support UE grouping (other than grouping resulting from GAP duration) and all UEs that support WUS without UE grouping will use this WUS channel. As population of UEs supporting WUS grouping increases the legacy WUS channel become underutilised while WUS channel supporting UE grouping becomes over utilised thus diminishing the benefit of the new WUS channel. 

To mitigate this, it is desirable for some UEs supporting grouping to use legacy WUS channel instead of new WUS channel. One way to achieve this is to consider legacy channel as an additional group (or additional N groups depending on what percentage of new UEs supporting WUS grouping to use legacy channel, where N >= 0). For example, if new WUS channel supports 2 groups then N can be 0 (in which case all new UEs use new channel), 1 (in which case 1/3 of new UEs use legacy channel while 2/3 use new channel) or 2 (in which case 50% of new UEs use legacy channel and 50% use new channel). This approach provides a deterministic method to distribute UEs amongst the two WUS channels and groups (e.g., in a manner similar to that developed in Rel-14 for paging in non-anchor carriers).

Proposal 4: To maximise benefit of UE grouping on WUS channel introduce distribution of WUS grouping supporting UEs amongst new and legacy WUS channels.

Summary

This document reviewed the WID objective and RAN1 discussion for UE grouping and makes the following proposals:
Proposal 1: RAN2 consider the baseline UE grouping is based on UE ID

Proposal 2: Up to 4 UE groups should be supported in a cell. 

Proposal 3: Support uniform and non-uniform UE distribution amongst different groups supported in the cell. 

Proposal 4: To maximise benefit of UE grouping on WUS channel introduce distribution of WUS grouping supporting UEs amongst new and legacy WUS channels.

To assist RAN1 to focus their discussion it is further proposed to inform RAN1 of the RAN2 agreements.

Proposal 5: Inform RAN1 of RAN2 agreements. 
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