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1 Introduction
Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83, RAN#84, RAN#85 and RAN#86 [1], [2]. One of the objectives in these two WIDs is to improve UE power consumption by specifying support for group based wake-up signal:
For NB-IoT:

Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

For eMTC:
Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

In previous RAN2 meetings, GWUS has been discussed in RAN2 and some agreements were made [3].
In the last RAN2#108 meeting, an email discussion [108#94] was agreed to progress the signalling aspects for GWUS configuration, including PHY parameters and the mapping relation between WUS sequences and WUS groups.

This document discusses the remaining issues for Rel-16 GWUS apart from the signalling aspects covered by email discussion [108#94].
2 Discussion
In this document, the following aspects of Rel-16 GWUS are discussed:

· Mobility aspect

· Dependency of Rel-15 WUS
· Figures for GWUS

2.1 Mobility aspect
Mobility issue of WUS raised by SA2 has been discussed in the last RAN2 meeting. A reply LS has been sent to SA2 to confirm the SA2 concern that mobile UEs negatively impact the benefit of WUS for other UEs due to paging in multiple cells following paging escalation.
SA2 has further discussed the issue and agreed a solution for Rel-15 WUS [4], i.e. Rel-15 WUS shall only be used in the last used cell.

Considering that the SA2 concern on mobility aspects of WUS is common for both Rel-15 WUS and Rel-16 GWUS, solution for Rel-16 GWUS needs to be discussed also. Based on SA2 discussion and proposals submitted to RAN2 in previous meeting, the following options can be considered:
· Option 1: The same solution for Rel-15 WUS can be reused, i.e., both WUS and GUWS are used in the last used cell only. When the UE reselect to another cell, it monitors legacy paging even WUS/GWUS are configured in the new cell.

· Option 2: A default WUS group can be used to wake up the mobile UE, i.e. when the UE reselects to another cell, it monitors a default WUS group. 

· Option 2a: The default WUS group for the UE with the highest or without paging probability is used for the mobile UE also.

· Option 2b: A separate default WUS group is used for the mobile UE.
In our understanding, Option 1 agreed for Rel-15 WUS can also be used for Rel-16 GWUS to avoid the negative impact from mobile UE on the benefit of WUS for other UEs. Supporting two different solutions for the same purpose will add unnecessary complexity. Compared with Option 1, the only benefit of Option 2 is that the mobile UE can also benefit from WUS. However, on one hand, most of IoT devices will not move very frequently. After accessing to the new cell, the UE will start to use GWUS. On the other hand, most of mobile UEs are in good coverage. For this kind of UEs, WUS is not as beneficial as for the UE in bad coverage. Thus, we prefer Option 1 to have single solution for both Rel-15 WUS and Rel-16 GWUS.
The intention of grouping the mobile UEs into a default group is avoiding negative impact to other UEs, which is the same as the intention of the default group for the UE with the highest or without paging probability. From this point of view, we do not see clear benefit to introduce two separate default groups for mobile based grouping and paging probability based grouping. Considering that supporting two separate default groups will require additional signalling and reduce the total number of WUS groups used for UE_ID based grouping and paging probability based grouping, if Option 2 is agreed, we think Option 2a is more reasonable.
Proposal 1: Same as Rel-15 WUS, Rel-16 GWUS is only used in the “last used cell”.
2.2 Dependency of Rel-15 WUS

From the NW point of view, it has been agreed in RAN2 that it is possible for the eNB to configure Rel-16 GWUS only. 

From the UE point of view, similarly, whether the support of Rel-16 GWUS is independent of the support of Rel-15 WUS needs to be discussed, i.e. is that possible for a UE to support Rel-16 GWUS only.

Rel-16 GWUS has larger benefit on UE power consumption compared to Rel-15 WUS:
· Rel-16 GWUS can reduce false alarm probability compared to Rel-15 WUS.

· For the UE with lower probability, the UE power consumption can further reduced by paging probability based grouping.
Considering that Rel-15 WUS has not been deployed yet, we think it would be better to allow the UE to support Rel-16 GWUS only to avoid unnecessary UE complexity to support both.
Proposal 2: From the UE point of view, the support of Rel-16 GWUS is independent of Rel-15 WUS, i.e., the UE can support Rel-16 GWUS only.

2.3 Figures in 36.300
In 36.300, figure 10.1.4-1 was captured to describe the relation between PO and WUS.
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Figure 10.1.4-1: Illustration of WUS timing

Considering more than one WUS resources are introduced for Rel-16 GWUS, we think it would be better to capture new figures for Rel-16 GWUS for NB-IoT and eMTC as follows:

[image: image2.png]wus 1 wus 0

Configured maximum Configured maximum AP
WUS duration WUS duration




Figure 1. Illustration of GWUS timing in NB-IoT
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Figure 2. Illustration of GWUS timing in eMTC
Proposal 3: Capture the 2 figures in TS 36.300 for Rel-16 GWUS.
3 Conclusion

This paper focused on the remaining issues for Rel-16 GWUS. Corresponding proposals are listed as below:
Proposal 1: Same as Rel-15 WUS, Rel-16 GWUS is only used in the “last used cell”.
Proposal 2: From the UE point of view, the support of Rel-16 GWUS is independent of Rel-15 WUS, i.e., the UE can support Rel-16 GWUS only.

Proposal 3: Capture the 2 figures in TS 36.300 for Rel-16 GWUS.
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