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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:

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

-          Coverage

-          DRX/eDRX

-          Gap configuration

-          Services

In RAN2 meeting #103bis, [5] the following agreements related to UE group wake up signal was made.
· The aim of UE grouping for WUS is reducing the false alarm probability.

· At least UE_ID based grouping is supported for UE-Group based WUS. This doesn’t exclude other options.

· Further discuss whether the following are supported:

· Service based grouping 

· DRX/eDRX based grouping 
· Gap based grouping. 

· Coverage based grouping

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 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. The details of multiplexing approach (e.g. FDM, TDM, and CDM) should be within RAN1 scope.
In scenarios where the number of paging frames are 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. 

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, where N is the number of PF, and UE_ID mode N indicates the grouping of UEs into different paging frames/Paging occasion  
As shown in Table 1, by selecting a larger number of N, the probability of UEs having the same paging frame is reduced.

This solution might not be optimal as more resources need to be 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%


Proposal 1: The introduction of UE-group should be designed to maximize the benefit of UE-group mechanism, in order to limit the probability of overhearing to below 15% we propose at least a minimum UE group of 6.

As it has been agreed that at least UE_ID based grouping is supported for UE-Group based WUS, we consider the UE grouping based on UE ID alone is a sub-optimal solution. There could be a case where the group size is not evenly distributed. Assume a number of UEs that belong to different groups (wake-up) are paged at the same time by the network, and thus, all UEs belonging to any of the groups, where at least one UE is paged, wake up unnecessarily and results in extra overhearing cost at unintended UEs and unnecessary power consumption to those UEs.
Some mechanism would be needed to optimize on how to group the UEs in a way to avoid unnecessary overhearing. One way could be to group the UE´s based on some traffic behavior, e.g. how often they have been paged within a certain period of time. For example, some UEs that is less paged by the network can be grouped in the same group Similarly, some UEs that is frequently paged by the network can be grouped in another group. The grouping based on UE ID can initially be used when a UE is for the first time attached to the network. Then, the network can further refine the UE groups in order to maximize UE power saving by minimizing the overhearing cost. The network can re-assign the UE grouping and the UE can indicate the network on the need of changing the UE group depending on its overhearing rate.
Proposal 2: In addition to group UEs based on UE-ID, the UE paging occurrence is used to further refine the UE grouping.

3
Conclusions
In this contribution, the following proposals are made:
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