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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#96bis meeting, the following agreements regarding UE-group WUS were made [2]:
	Agreement
Support the following options for WUS resource configuration
· Up to 2 orthogonal resources may be configured in time domain.
· Up to 2 orthogonal resources may be configured in frequency domain
· FFS: both options can be configured simultaneously to have up to 4 orthogonal WUS resources
Maximum total number of WUS resources is no larger than 4 including the legacy WUS resource

For further discussion
Different WUS sequences associated with the same PO are used for UE groups regardless of whether the UE groups are in the same or different WUS resources.

Working Assumption
· UE assumes 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
Each UE monitors up to X WUS sequences. 
· Value of X will be selected between 2 and 3
· X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported


In this contribution, we express our views on remaining details of UE-group WUS design for eMTC devices in Rel-16. Please note that this is a revision of R1-1908613. The reason for revision is to add simulation results on PAPR of UE-group WUS.

2. Discussion
There are two factors which should be taken into account while choosing among WUS multiplexing options: network (NW) flexibility and UE complexity.
From the network flexibility perspective, simultaneous configuration of up to 2 orthogonal WUS resources per each dimension (time and frequency), which results in up to 4 orthogonal WUS resources total, seems to be the most preferable one. It potentially allows the NW to do TDM between the WUS resources, e.g., to provide additional power boosting to the WUS. On other hand, it does not preclude FDM in deployments where the boosting is not needed, and the NW just prefers to increase the number of available WUS resources to serve a larger number of UE groups.

Proposal 1:
Support simultaneous configuration of up to 2 orthogonal WUS resources per each dimension (time and frequency), which results in up to 4 orthogonal WUS resources total.
· This accounts the legacy WUS resource

From the UE complexity perspective, the number of WUS sequences the UE monitors within the configured WUS resources should be minimized. Therefore, the support of UE grouping where UEs may belong to multiple UE-groups (more than 2) simultaneously and which may result in additional common WUS to monitor for is not preferred. Accordingly, the UE should monitor only up to 2 WUS sequences (UE-group and the common one) within the configured resource.

Proposal 2:
Each UE monitors up to 2 WUS sequences within the configured WUS resource.

An illustration of WUS multiplexing concept described above can be found in Figure 1.


[bookmark: _Ref17286170]Figure 1. Multiplexing of WUS resources in Rel-16.
The use of different WUS sequences even in the orthogonal WUS resources is not preferred because this potentially reduces the multiplexing capacity of each WUS resource. In other words, a smaller number of WUS sequences becomes available for SS-CDM per resource in this case. The concern regarding PAPR increase in the time domain due to repeated structure of WUS in the frequency domain across the NB can be addressed by BS transmitter implementation. For example, by applying different quasi-random phase terms to FDM-ed WUS resources. This solution will not impact the UE performance because, according to the agreement from RAN1#96 [3], the UE is required to monitor WUS(s) in only one WUS (time/frequency) resource location, i.e., no cross-resource processing is expected. Moreover, some BS Tx handling of repeated WUS may be required anyway in case of waking up all served UEs using the same common WUS signal, e.g., when the legacy WUS is configured as the common WUS.
For frequency multiplexed WUS resources, the PAPR evaluation results are provided in Figure 2. Up to 3 WUS resources in the frequency domain are considered. The techniques to deal with UE-group WUS PAPR are the following ones:
· Changing the initialization value of the baseline (multi-subframe, RE-level) scrambling Gold code in different resources. In particular, modification of the 2 highest bits of cinit_WUS values (bits 29 and 30) is applied.
· Changing the common phase term in different resources. In particular, {+1, -1} and {+1, -1, 1j} phase term sets are used for 2 and 3 FDM-ed WUS resources, respectively.
· 







Scrambling shift of the baseline Gold code in different resources. In particular, The Gold RE-level scrambling sequence  is extended  times, where  is the total number of WUS resources, using the same initialization value  as defined in Section 6.11B.1 [4]. For a particular WUS resource, a shorter subsequence , from the new long Gold sequence  is selected according to the WUS resource index , ,(see Appendix for the details).
Also for the reference purposes the PAPR results of the following cases are given:
· Single WUS resource;
· UE-group WUS repetition.

[image: ]
[bookmark: _Ref17281097]Figure 2. CCDF of PAPR for frequency-multiplexed WUS resources.
From the PAPR evaluation results, it follows that the scrambling initialization and the phase term change provide almost the same PAPR for 2 FDM-ed WUS resources while the scrambling shift technique is slightly better. For 3 FDM-ed WUS resources, the PAPR of the phase term change is 1 dB worse than the PAPR of the scrambling initialization while the scrambling shift demonstrates the best performance with 0.5 dB less PAPR than the scrambling initialization. Moreover, the PAPR of the scrambling shift almost does not change with the increase of the number of frequency-multiplexed resources from 2 to 3.
Based on the observations from the PAPR evaluation results, it’s proposed to reuse the same WUS sequences in orthogonal WUS resources (and rely on BS Tx processing) if it’s agreed that up to 2 WUS resources can be multiplexed in the frequency domain, e.g., as depicted in Figure 1. If configuration with up to 3 frequency-multiplexed WUS resources is supported in UE-group WUS configurations, than different scrambling shifts of the RE-level scrambling Gold code are used in different WUS resources.

Proposal 3:
First agree on the max number of frequency-multiplexed WUS resources corresponding to the same PO.
· The use of different WUS sequences for UE groups associated with orthogonal WUS resources depends on the max number of frequency-multiplexed WUS resources.
If only up to 2 WUS resources can be multiplexed in the frequency domain, the same WUS sequences can be reused for UE groups associated with orthogonal WUS resources corresponding to the same PO.
If configuration of up to 3 frequency-multiplexed WUS resources is allowed, different WUS sequences based on scrambling shifts of the RE-level scrambling Gold code are used for UE group WUSes associated with orthogonal WUS resources corresponding to the same PO.

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

Proposal 1:
Support simultaneous configuration of up to 2 orthogonal WUS resources per each dimension (time and frequency), which results in up to 4 orthogonal WUS resources total.
· This accounts the legacy WUS resource

Proposal 2:
Each UE monitors up to 2 WUS sequences within the configured WUS resource.

Proposal 3:
First agree on the max number of frequency-multiplexed WUS resources corresponding to the same PO.
· The use of different WUS sequences for UE groups associated with orthogonal WUS resources depends on the max number of frequency-multiplexed WUS resources.
If only up to 2 WUS resources can be multiplexed in the frequency domain, the same WUS sequences can be reused for UE groups associated with orthogonal WUS resources corresponding to the same PO.
If configuration of up to 3 frequency-multiplexed WUS resources is allowed, different WUS sequences based on scrambling shifts of the RE-level scrambling Gold code are used for UE group WUSes associated with orthogonal WUS resources corresponding to the same PO.
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Appendix










The WUS sequence generation for LTE eMTC is defined in Section 6.11B.1 of [4]. 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 generation of the RE-level Gold code scrambling the WUS sequence in different WUS resources is proposed for Rel-16. The Gold RE-level scrambling sequence  is extended  times, , where  is the total number of WUS resources using the same initialization value  as defined in Section 6.11B.1 [4]. For scrambling UE-group WUS in a particular WUS resource, a shorter subsequence , , from the new long Gold sequence  is selected according to the WUS resource index , , as follows:

	,	

where index  corresponds to the legacy WUS resource. Thus, the proposed procedure produces the same WUS as in Rel-15 in the legacy WUS resource, which provides the required backwards compatibility. The procedure is illustrated in Figure 3.


[bookmark: _Ref525566939]Figure 3. Generation of the baseline RE-level Gold code scrambling UE-group WUS sequence in different WUS resources.
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