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1 Introduction
In RAN Plenary meeting #80, a new work item (WI) on Rel-16 MTC enhancements for LTE was approved [1]. The objective is to specify the set of improvements for machine-type communications for BL/CE UEs. One of the objectives is to improve DL transmission efficiency and/or UE power consumption by Specifying support for UE-group wake-up signal (WUS).
In RAN1 meeting #94 [2], the following related agreements on UE-group wake up signal for MTC were made:

· UE-group WUSs are only multiplexed in the same NB as associated PO
· FFS TDM/FDM/CDM for UE-group MWUS multiplexing
· UE-group MWUS is supported based on eNB’s and UE’s capability.

· Whether the network supports UE-group MWUS is done by higher layer signalling.

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

· Note that the UE-group MWUS is UE optional

· Rel-16 UE-group MWUS sequence should consider at least
-          Fallback to legacy UE behavior

-          Inter-cell interference randomization

-          UE group ID for different UE-group MWUS

-          Reuse of Rel-15 sequences is not precluded

-          Effect of sequence detection on UE complexity

· Study the RAN1 consequence of UE-grouping on the following basis:
-          UE ID

-          Coverage

-          DRX/eDRX

-          Gap configuration

-          Services

In this contribution, we discuss some aspects on supporting the operation of UE-group wake-up signal for MTC.
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 for MPDCCH and decode PDSCH. Thus, it reduces UE power consumption for such UEs.
The introduction of UE-group wake-up signal in rel.16 should consider the operation of wake-up signal operation that has been introduced in rel.15 (legacy). One of the easiest solutions is by allocating different WUS physical resources for UE-group WUS and legacy WUS. Moreover, MTC WUS occupies 2 PRBs and essentially an eNB can configure 3 WUS resources in a narrowband (FDM-ed approach). Three UE-groups can be introduced for MTC UE rel.16 and MTC UE rel.15 can be assigned to any of these groups as MTC UE rel.15 is not aware of UE grouping.
CDM and TDM have also been considered for the WUS multiplexing scheme. The advantage/disadvantage of each scheme is discussed in [3]. In our understanding CDM exposes many issues (UE complexity, largest delay, performance issues). TDM issue is mainly on potential larger delay. FDM main issue is on limited number of groups (up to 3). If the supported number of groups is up to 3 groups then we propose FDM solution.
Proposal 1: The multiplexing scheme for UE group MWUS is FDM in case the maximum number of groups is 3.

There was a discussion during online session in RAN1#94 on the introduction of a super group MWUS. Here, basically there is a dedicated MWUS to wake-up all UEs assigned to the corresponding paging occasion. Super-group is in addition to the individual UE group MWUS. The benefit of supergroup MWUS, the eNB only need to transmit supergroup MWUS in case the eNB needs to wake-up all UEs. However, from UE point of view, this could increase UE power consumption as the UE needs to detect both supergroup MWUS and group specific MWUS. This will make MWUS rel.16 worse than MWUS rel.15 in terms of UE power consumption. In case the eNB wants to wake-up all groups, the eNB must transmit all UE-group MWUS.
Proposal 2: MTC Rel.16 does not support supergroup MWUS operation that requires UE to perform multiple MWUS detections.

A challenging case is when a cell requires more than 3 UE-groups, considering the FDM resources are limited. Introducing more than 3 UE-groups can be beneficial in a dense network. In legacy LTE system, the probability of UEs having the same paging frame as a function of the number of paging frame is given in Table 1. While a reduction of the occasions of many UEs being paged at the same time can be achieved by allocating many PFs, this solution might not be the optimal one as more resources are being used to carry paging information.
Table 1: Number of PF versus Probability UEs with same PF
	N
	UE_ID mod N


	% UEs have same paging frame



	1
	0
	100%

	2
	0,1
	50%

	4
	0,1,2,3
	25%

	8
	0,1,2,…,7
	12.5%

	16
	0,1,2,…,15
	6.75%


In scenarios where the number of paging frame is limited or can be configured in a small number, introducing more than 3 UE-groups would be clearly beneficial. The advantage is that the network can have more flexibility and the number of UEs being paged unnecessarily can be further reduced. In term of the maximum supported number of UE-groups, we propose the following:
· If the motivation is to minimize the standardization efforts, the maximum UE groups up to 3 is supported and FDM solution is used as proposed above.

· If the motivation is to maximize the benefit of UE-group mechanism, in order to limit the probability of overhearing to below 15% we propose a maximum UE groups of 6.

Proposal 3:  The maximum number of UE-group MWUS is either 3 or 6.
In order to support up to 6 UE groups, we propose both FDM and TDM with minimizing TDM resources so basically 2 MWUS resources in time domain and 3 MWUS resources in frequency domain.

Proposal 4: Support FDM+TDM for the case of maximum UE groups equal to 6.

An alternative implementation is to include the UE-group ID indication after MWUS transmission. Here, the eNB transmits both WUS and UE-group ID indication. The resources to carry UE-group ID indication may be obtained by puncturing a few of the WUS rel.15 resources and/or introducing new resources after WUS transmission. If MTC UE rel.15 detects the WUS it continues to decode MPDCCH and paging message. If MTC UE rel.16 detects the WUS, it continues by first checking the UE-group ID, and further continue to decode MPDCCH and paging message only if the remaining part matches the UE-group ID.
Proposal 5: MWUS in release 16 contains MWUS sequence and UE-group ID indication. 
This operation is illustrated in the following Figure 1.
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Figure 1: UE-group WUS supporting backward compatibility. 

This approach can also be applied for NB-IoT. Thus, a common design between NB-IoT and eMTC can be achieved.

There could be two possibilities in supporting this operation:
· UE group is represented as a set of bits indicating the group ID and its combination. The information is transmitted with lower MCS to improve robustness. 6 PRBs can be used to shorten the transmission time. The total transmission duration can be kept small as the number of bits is relatively small.

· UE-group is represented as a sequence. In order to simplify the operation, the eNB can only page a specific group or all UEs for the corresponding PO. In this case, the UE only needs to perform a 2 steps correlation: the correlation in case the eNB pages all UEs and the correlation in case the eNB pages his group. In this circumstance, supergroup MWUS could be supported. In case a supergroup is not supported as of proposal 2 above, only a one-step correlation approach is required.
The details and pros/cons on each option above can be further studied.

Proposal 6: Support the operation of MWUS in release 16 that contains MWUS sequence release 15 and UE-group ID indication.
3
Conclusions
In this contribution, the following proposals are made:
Proposal 1: The multiplexing scheme for UE group MWUS is FDM in case the maximum number of groups is 3.
Proposal 2: MTC Rel.16 does not support supergroup MWUS operation that requires UE to perform multiple MWUS detections.
Proposal 3: The maximum number of UE-group MWUS is either 3 or 6.

Proposal 4: Support FDM+TDM for the case of maximum UE groups equal to 6.

Proposal 5: MWUS in release 16 contains MWUS sequence and UE-group ID indication. 
Proposal 6: Support the operation of MWUS in release 16 that contains MWUS sequence release 15 and UE-group ID indication.
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