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1. Introduction

At the RAN1 #98 meeting, details of UE-group wake-up signal (WUS), which includes the time and frequency location of legacy and Rel-16 WUS resource, WUS configuration, and sequence design were discussed and RAN1 made the following agreements [1].
	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

Agreement

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

Agreement

Different WUS sequences are used in same/different WUS resources.

Working Assumption

To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is supported
Agreement

The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)

· UE assumes may assume the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.

· Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence
Agreement

A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs.

Agreement

The specification supports configurability to enable UE group to be changed among WUS resources.

· FFS: Details including implicit/explict signalling


In this contribution, we express our views on UE-group WUS in eMTC.
2. Discussion
2.1. WUS resource multiplexing
At the RAN1 #97 meeting, RAN1 made agreement that WUS resources can be configured in up to two resources for each domain (i.e. time or frequency). As noted, legacy WUS resource may not be counted as the two WUS resource and it means that up to three WUS resource may be configured in the case with legacy WUS. Based on the views from different companies, candidate patterns shown in Figure 1 were captured in the feature lead summary [2]. 
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Figure 1: Possible mapping patterns of WUS resources

Our views and comments on each candidate pattern are listed in Table 1 as below.

Table 1: Summary of possible WUS resource configurations
	Pattern
	Comments

	1, 2a, 2b
	RAN1 already agreed that up to two WUS resource can be configured by using both or either one of two multiplexing scheme (i.e. time or frequency) and it is clear that option 1, 2a, and 2b are supported.

	3a, 3b
	We prefer to support these options. If a power sharing issue between legacy WUS and Rel-16 WUS is concerned and more WUS resources are needed to reduce false wake-up rate, Option 3a/3b would be reasonable options to be used. We have no strong preference between option 3a and 3b. One possible option is to support both options for further flexibility. However, we cannot see any motivation on such configurability and we slightly prefer to support only one of two options.

	3c
	We prefer to support this option. If we consider confining all the WUS resources into one time location for reduction of WUS detection latency or time overhead, option 3c would be beneficial. One possible concern is the power sharing issue due to FDMed three WUS resources. However, we consider that WUS coverage performance needs to keep the same coverage with existing LTE. In the case, a significant power boosting of WUS would not be necessary and the power sharing may not be the issue.

	4a
	We prefer to support this option. RAN1 already agreed that both multiplexing schemes, i.e. up to two WUS resources are multiplexed based on FDM or TDM, can be configured simultaneously to have up to 4 orthogonal WUS resources. Therefore, there is no need to discuss whether or not to support option 4a.  

	4b
	Not support. We cannot see any possible motivation to support this option on top of above options. 

	4c
	Not support. In our understanding, at the last RAN1 meeting, this option was discussed and there was the common understanding among companies that three WUS resource which is configured in time domain is already precluded, although the note just said that the two orthogonal resources do not necessarily include the legacy WUS resource. 


Based on the discussion above, we made following proposal. 

Proposal 1: Option 1, 2a, 2b, 3a (or 3b), 3c, and 4a should be supported for WUS resource pattern configuration

· The configurability between 3a and 3b is FFS. 

2.2. Group common WUS 
As described in Section 1, RAN1 made the agreements that each UE monitors up to two WUS sequences. According to the agreement, each UE which is configured Rel-16 WUS needs to monitor a Rel-16 WUS sequence corresponding its UE group ID, and remaining one WUS sequence, which UE needs to monitor, can be used for another purpose. At least there are two alternatives. 

· Alt. 1: Group common WUS for waking up all Rel-16 WUS UEs

· Alt. 2: WUS for waking up a subset of Rel-16 WUS UEs

Considering that a UE can monitor up to two WUS sequences, both alternatives above cannot be configured simultaneously. From operator’s perspective, it is clearly beneficial to support common WUS for all the UEs, e.g. for SI updates. On the other hand, Alt. 2 may also be beneficial to reduce the possibility of unnecessary wake-up. However, we cannot see any motivation that only Alt.2 is configured to use. Therefore, we made following proposal. 

Proposal 2: Support group common WUS for waking-up all Rel-16 WUS UEs and Rel-16 WUS for waking up a subset of UE groups is not supported.

2.3. UE grouping
At the RAN1 #96bis meeting, UE group weighting, which is the feature to reduce the possibility of unnecessary wake-up by balancing UE distribution among WUS resources, was discussed. If most of IoT devices have periodic paging traffic, the possibility of unnecessary wake-up may be time-invariant and network may be able to estimate how much the unnecessary wake-up happens. In the case, for example, when new UE arrives, the network may be able to select proper WUS resource for balancing paging traffic among WUS resources. However, we consider that paging traffic is time-variant in general and network cannot perform proper UE grouping dynamically. We consider that UE group weighting may reduce the possibility of unnecessary wake-up and may improve UE power saving gain based on WUS. However, considering the remaining time for Rel-16, the support of this feature should be discussed in later release.

Proposal 3: The weighting factor of UE distribution should not be supported in Release 16.

3. Conclusion
In this contribution, we provide our views on UE-group WUS in eMTC. Based on the discussion, following proposals are made.

Proposal 1: Option 1, 2a, 2b, 3a (or 3b), 3c, and 4a should be supported for WUS resource pattern configuration

· The configurability between 3a and 3b is FFS. 

Proposal 2: Support group common WUS for waking-up all Rel-16 WUS UEs and Rel-16 WUS for waking up a subset of UE groups is not supported.

Proposal 3: The weighting factor of UE distribution should not be supported in Release 16.
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