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1. Introduction
In RAN#80 a new work item (WI) on Rel-16 MTC enhancements for LTE was agreed. One of the WI objectives is to improve DL transmission efficiency and/or UE power consumption [1]. In particular, specify support for UE-group wake-up signal (WUS).
In the previous RAN1#94 meeting, the following agreements regarding UE-group WUS were made [2]:
	Agreement
UE-group WUSs are only multiplexed in the same NB as associated PO
· FFS TDM/FDM/CDM for UE-group MWUS multiplexing
Agreement
· 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
Agreement
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
Agreement
Study the RAN1 consequence of UE-grouping on the following basis:
· UE ID
· Coverage
· DRX/eDRX
· Gap configuration
· Services


In this contribution, we express our views on UE-group WUS for eMTC devices in Rel-16.
2. Indication Considerations
The indication of the groups can depend on one of the UE IDs. For eMTC devices, the IMSI is a good candidate to be used as the UE ID. Also it seems reasonable to support some common indication of WUS for all groups. This kind of common WUS can be used for SI updates and direct indication information. Based on the discussion above, the following proposals can be made.

Proposal 1:
The indication of UE groups is based on the UE_IDs.
A common WUS indication for all UE groups is supported in Rel-16.

3. Multiplexing Considerations
The multiplexing concept described in this section is illustrated in Figure 1.


[bookmark: _Ref525554229]Figure 1. Multiplexing Rel-16 WUSes with each other and with the legacy Rel-15 WUS.
Recall that in Rel-15 eMTC, the WUS occupies 2 PRBs in the frequency domain, while there are 6 PRBs available in each narrowband (NB). Therefore, it’s up to 3 WUSes maximum which can be multiplexed in the frequency domain within an NB. However, the frequency division multiplexing (FDM) using all PRBs of an NB limits the ability to apply power boosting during the WUS transmission for the eNB if it does not borrow the power from outside of the NB. Therefore, to leave some opportunity for power boosting, it’s proposed to multiplex up to 2 WUSes maximum using FDM. In this case, four Rel-16 UE groups can be supported: UE group-0, UE group-1, UE group-2 and the UE common group. Arbitrary 2 WUSes corresponding to any 2 of the first 3 UE groups can be multiplexed within the same NB. If all Rel-16 UEs need to be paged, the common WUS can be used without FDM.
To address the paging of legacy Rel-15 UE, the legacy Rel-15 WUS may be multiplexed with one of the Rel-16 WUSes in the frequency domain. In this case, FDM of the legacy WUS with the Rel-16 UE common WUS corresponds to the paging of Rel-15 and Rel-16 UEs. However, to minimize the impact of introduction UE-group WUS on the legacy UEs, it’s proposed to separate the legacy WUS from the Rel-16 WUSes in the time domain. Generally, the time domain multiplexing (TDM) is least preferred as it would result in additional time gaps between the earlier WUS group and the PO. The longer the gaps between the WUS and the PO, the more difficult, and hence, more conservatively the network may schedule a UE, thereby reducing the potential benefits of power savings from the WUS design. However, the TDM limited only to two time resources one of which corresponds to the legacy Rel-15 WUS transmission and another corresponds to the Rel-16 WUSes transmission seems to be reasonable.

Proposal 2:
Support FDM to multiplex WUS for different Rel-16 UE groups.
Support TDM to multiplex Rel-16 WUS and the legacy Rel-15 WUS transmissions.

4. Configuration Considerations
It’s proposed to enable/disable the UE-group WUS in a configuration provided by higher layer signaling. The cell-specific signaling (e.g., SIB1-BR or SIBx-BR with x>1) can be used for that purposes. Considering the tradeoff between the UE power saving and the WUS multiplexing capability, the max number of UE groups is limited and equal to 5: where 4 groups correspond to Rel-16 UEs (UE group-0, UE group-1, UE group-2 and the common UE group) and 1 group corresponds to the legacy Rel-15 UEs (the legacy WUS is used in this case).

Proposal 3:
The UE-group WUS is enabled by SIB1-BR or SIBx-BR (x>1).
Max number of UE groups is 5.

5. UE-group WUS Sequence Generation Considerations










The WUS sequence generation for LTE eMTC is defined in Section 6.11B.1 of [3]. In order to keep backwards compatibility with Rel-15 and, at the same time, minimize the impact on the existing RAN1 specification, the following procedure for WUS sequence generation is proposed for Rel-16. The Gold RE-level scrambling sequence  is extended  times, , where  is the total number of UE groups using the same initialization value  as defined in Section 6.11B.1 [3]. For WUS scrambling, a shorter subsequence , , from the new long Gold sequence  is selected according to the UE group index , , as follows:

	,	

where an example correspondence between the index  and UE groups is given in Table 1.
[bookmark: _Ref525564325]Table 1.
	
UE group index, 
	UE group

	0
	Legacy Rel-15

	1
	UE common

	2
	UE group-0

	3
	UE group-1

	4
	UE group-2


The procedure is illustrated in Figure 2.


[bookmark: _Ref525566939]Figure 2. Illustration of WUS sequence generation in Rel-16.

It can be easily seed that for the group of legacy Rel-15 UEs (), the proposed procedure produces the same WUS as in Rel-15, thus, providing the required backwards compatibility.

Proposal 4:


UE-group WUS sequence generation in Rel-16 is based on  times longer RE-level scrambling Gold sequence, where  is the total number of UE groups (including legacy Rel-15 UEs).
The initialization value for the long Gold scrambling sequence is reused from Rel-15.

The UE-group WUS sequence is a shorter subsequence from the long Gold scrambling sequence defined by the UE group index .

6. Conclusions
In this contribution, we discussed consideration on UE-group WUS for eMTC devices in Rel-16. Our proposals are summarized as below:

Proposal 1:
The indication of UE groups is based on the UE_IDs.
A common WUS indication for all UE groups is supported in Rel-16.

Proposal 2:
Support FDM to multiplex WUS for different Rel-16 UE groups.
Support TDM to multiplex Rel-16 WUS and the legacy Rel-15 WUS transmissions.

Proposal 3:
The UE-group WUS is enabled by SIB1-BR or SIBx-BR (x>1).
Max number of UE groups is 5.

Proposal 4:


UE-group WUS sequence generation in Rel-16 is based on  times longer RE-level scrambling Gold sequence, where  is the total number of UE groups (including legacy Rel-15 UEs).
The initialization value for the long Gold scrambling sequence is reused from Rel-15.

The UE-group WUS sequence is a shorter subsequence from the long Gold scrambling sequence defined by the UE group index .
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