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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#98 meeting, the following agreements regarding UE-group WUS were made [2]:
	Agreement
Both options can be configured simultaneously to have up to 4 orthogonal WUS resources including legacy WUS resource
· Up to 2 orthogonal resources including legacy WUS resource may be configured in time domain
· Up to 2 orthogonal resources may be configured in frequency domain
Note: The two orthogonal resources do not necessarily include the legacy WUS resource

Agreement
The maximum number of UE groups per WUS resource is 8.

Agreement
Different WUS sequences are used in same/different WUS resources.

Working Assumption
To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is supported

Agreement
The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)
· UE assumes may assume 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
A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs.

Agreement
The specification supports configurability to enable UE group to be changed among WUS resources.
· FFS: Details including implicit/explicit signalling


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

2. Discussion
A possibility to multiplex simultaneously 3 WUS resources in the frequency domain spurred a lot of discussion in the previous RAN1#98 meeting [3]. One concern expressed is the ability to boost the power of WUS in case of FDM of 3 WUS resources. 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.
For frequency multiplexed WUS resources, the PAPR evaluation results are provided in Figure 1. Up to 3 WUS resources in the frequency domain are considered. The techniques to deal with UE-group WUS PAPR are the following ones:
· The current working assumption: 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.
· 







Scrambling shift of the baseline Gold code in different resources. In particular, The Gold RE-level scrambling sequence  is extended  times (by generating a longer sequence), 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 a single WUS resource are given.
[image: ]
[bookmark: _Ref17281097]Figure 1. CCDF of PAPR for frequency-multiplexed WUS resources.
From the PAPR evaluation results, it follows that the scrambling shift technique is slightly better than the scrambling initialization (current working assumption) for 2 FDM-ed WUS resources while. However, for 3 FDM-ed WUS resources, the scrambling shift demonstrates the significantly improved 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 update the working assumption and use different scrambling shifts of the RE-level scrambling Gold code in different WUS resources.
Proposal 2:
Update the working assumption on WUS sequence generation in different WUS resources as follows:
· From:
· To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is supported
· To:
· 

To differentiate WUS sequences in different WUS resources, for a set of orthogonal WUS resources corresponding to the same PO, a longer Gold code-based scrambling sequence of times the length of a single RE-level WUS sequence is generated and different WUS sequences correspond to different parts of the longer sequence according to indexing of the WUS resource.
The high PAPR issue was also identified in [5] where it was proposed to revese the order of WUS sequence mapping onto subcarriers in the frequency domain in every 2nd PRB of WUS. According to the agreement taken in RAN1#96, the UE-group WUS sequence is repeated in two consecutive PRBs in the frequency domain [6]. 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. The change of the subcarrier mapping order in every 2nd PRB avoids copying and, thus, results to lower PAPR in the frequency domain. The benefit of the sequence mapping in the reversed order was evaluated from the PAPR perspective and the corresponding curves are presented in Figure 2 for single, 2 and 3 FDM-ed WUS resources. The current working assumption was used for WUS sequence generation in different WUS resources.
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[bookmark: _Ref20926405]Figure 2. 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 it’s proposed to support changing the WUS sequence mapping order in every 2nd PRB as well as other PAPR reduction technique discussed previously in this document.
Proposal 3:
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.


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:
Update the working assumption on WUS sequence generation in different WUS resources as follows:
· From:
· To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is supported
· To:
· 

[bookmark: _GoBack]To differentiate WUS sequences in different WUS resources, for a set of orthogonal WUS resources corresponding to the same PO, a longer Gold code-based scrambling sequence of times the length of a single RE-level WUS sequence is generated and different WUS sequences correspond to different parts of the longer sequence according to indexing of the WUS resrouce.

Proposal 3:
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.
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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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