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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#98bis meeting, the following agreements regarding UE-group WUS were made [2]:
	Agreement
The configured WUS resources associated with same gap are consecutive in time/frequency domain.
· The WUS resources in the same time resource are consecutive to each other in the frequency domain.
· When the WUS resources are configured in two time resources, the WUS resources in first time resource are consecutive to a WUS resource in the second time resource.

Agreement
· Choose supported patterns for WUS resource configuration considering the location of legacy WUS resource if Rel-15 WUS is configured.
· No more than 3 bits are used for configuration of the pattern for WUS resource
· FFS: Considering the location of legacy WUS resource if Rel-15 WUS is configured

Agreement
For group WUS resources sharing WUS gap, per default, the number of UE groups per resource is configured for all group WUS resources. Optionally, the number of UE groups for each WUS resource can be configured individually.

Agreement
The number of UE groups per WUS resource is 1, 2, 4, or 8

Agreement
The optional eDRX configurability and configuration values regarding the number of consecutive POs a WUS is associated same as in Rel-15 legacy WU

Agreement
Design pre-defined method to allow alternating UE group to monitor different WUS resources at different POs implicitly.
· Consider both cell-specific DRX cycle and UE-specific DRX cycle.
· At least the following parameters are used in the pre-defined method
· H_SFN of current PO
· DRX cycle

Agreement
The group WUS resource that may coincide with legacy WUS is assigned [image: ] and the other group WUS resource are using [image: ].
· [image: ] are used to differentiate different scrambling sequences for WUS sequence.

Agreement
The following working assumption is confirmed: 
To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is supported

Agreement
Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:
· If eDRX long gap is configured but no group WUS configuration for that gap is provided, the eDRX short gap configuration shall be used if configured, otherwise the DRX configuration shall be used.
· If eDRX short gap is configured but no group WUS configuration for that gap is provided, the DRX gap configuration shall be used.


In this contribution, we express our views on remaining details of UE-group WUS design for eMTC devices in Rel-16.

2. Discussion
Possible WUS resource configuration patterns include multiplexing of 3 WUS resources in the frequency domain. One concern expressed regarding this pattern is the ability to boost the power of WUS. In principle, the network can support multiplexing of 3 WUS in the frequency domain if sufficient power boosting can be provided. However, to boost WUS efficiently, a low PAPR of the signal itself is the prerequisite. Therefore, it’s proposed to support FDM of 3 WUS resources assuming that the boosting can be provided which requires low-PAPR design of WUS sequences in the multiplexed resources.
Proposal 1:
Support FDM of 3 WUS in the frequency domain if low-PAPR of WUS can be provided.
[bookmark: _GoBack]According to the agreement taken in RAN1#96, the UE-group WUS sequence is repeated in two consecutive PRBs in the frequency domain [3]. The exact repetition in the frequency may result in high PAPR in the time domain especially when the same sequence is used in the 3 frequency-multiplexed WUS resources. To address the high PAPR issue, the order of WUS sequence mapping onto subcarriers in the frequency domain in every 2nd PRB of WUS can be reversed [4]. The change of the subcarrier mapping order in every 2nd PRB avoids copying in the frequency domain and, thus, results in lower PAPR. The benefit of the sequence mapping in the reversed order was evaluated from the PAPR perspective and the corresponding curves are presented in Figure 1 for single, 2 and 3 FDM-ed WUS resources. 
[image: ] 
[bookmark: _Ref20926405]Figure 1. CCDF of PAPR for direct and reversed WUS sequence mapping order in 2nd PRB of WUS resource.
It can be seen that PAPR is lower for WUS with the reversed sequence mapping order in every 2nd PRB. Based on the evaluation results and to enable support of frequency multiplexing of 3 WUS resources it’s proposed to support changing the WUS sequence mapping order in every 2nd PRB. Otherwise, FDM of 3 WUS resources can’t be supported due to high PAPR.
Proposal 2:
UE-group WUS sequence in the 2nd PRB of WUS resource is the same as in the 1st PRB with the reversed sequence mapping order onto subcarriers in the frequency domain.
· If changing order of the WUS sequence mapping is not supported, the WUS configuration pattern with 3 WUS resources multiplexed in the frequency domain should be excluded.

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 FDM of 3 WUS in the frequency domain if low-PAPR of WUS can be provided.

Proposal 2:
UE-group WUS sequence in the 2nd PRB of WUS resource is the same as in the 1st PRB with the reversed sequence mapping order onto subcarriers in the frequency domain.
· If changing order of the WUS sequence mapping is not supported, the WUS configuration pattern with 3 WUS resources multiplexed in the frequency domain should be excluded.
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