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1. Introduction
In RAN#80 a new work item (WI) on Rel-16 enhancements for NB-IoT 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 regular RAN1#96 meeting, the following agreements regarding UE-group WUS were made [2]:
	For further evaluation and study (especially from UE implementation perspective):
Benefits and costs with more grouping levels, i.e., subgroups of subgroups.

Agreement
A UE is required to monitor WUS(s) in only one WUS (T/F) resource location

Agreement
[bookmark: _Toc2181170][bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]Up to 2 time-multiplexed WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.

[bookmark: _Toc2181172]For further study until next meeting
Companies are encouraged to provide results for the different sequence candidates, taking into account, e.g., 
a. [bookmark: _Toc2181173]Detection window lengths
b. [bookmark: _Toc2181174]Frequency errors
c. [bookmark: _Toc2181175]Channel model
[bookmark: _Toc2181176]where a starting point for evaluations is the Rel-15 WUS assumptions in R1-1714993 and Rel-15 WUS functionality (w.r.t. frequency error and detection window lengths).


In this contribution, we express our views on the UE-group WUS for NB-IoT devices in Rel-16.

2. Multiplexing Considerations
From the network (NW) flexibility perspective, it should be up to configuration by the NW to share or not one of the two WUS resources between UE-group WUS and the legacy WUS. Because the legacy WUS and new UE-group WUS may share the same WUS resource, it’s proposed to reuse the legacy WUS as a common WUS for Rel-16 UEs.

Proposal 1:
One of the two WUS resources can be configured to be shared with legacy WUS
· If not configured, the WUS resource is used only for legacy WUS transmission and another WUS resource is used only for Rel-16 UE-group WUS.
Legacy WUS is used as a common WUS to wake up all UEs monitoring the same WUS resource.

From the UE complexity perspective, the number of WUS sequences the UE detects within the monitored WUS resources should be minimized. However, in order to distinguish a particular WUS, the UE should be able to detect all WUSes which potentially can be transmitted within the WUS resource. In this case, a minimal number of UE groups sharing the same WUS resource is equal to 3: UE group-0, UE group-1 and the common UE group. Obviously, the single sequence (SS) CDM is used to multiplex theses sequences.

Proposal 2:
For SS-CDM, the max number of WUS sequences within the same WUS resource is equal to 3.
· This corresponds to UE group-0, UE-group-1 and the common UE group.

3. UE-group WUS Sequence Generation Considerations










The WUS sequence generation for NB-IoT is defined in Section 10.2.6B.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 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 10.2.6B.1 [4]. 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/ common group

	1
	UE group-0

	2
	UE group-1


The procedure is illustrated in Figure 2.


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

It can be easily seen 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.
There are other ways to generate multiple WUSes for different UE groups based on the legacy WUS generation such as scrambling initialization, Zadoff-Chu phase shift, and orthogonal cover codes (OCCs) in the frequency domain. According to [4], the most promising approach is OCC in the frequency domain. Below the cross-correlation result analysis is provided for the proposed UE-group WUS sequence generation (also referred as phase shifted scrambling code, i.e., PSSC) and OCC (Figure 3). The ratio of the max cross-correlation value in the time domain within a timing window t to the max autocorrelation peak at zero timing offset is considered. Although we confirm that the max cross-correlation value is better (i.e., lower) in OCC case, it only corresponds to a very small portion of cases, while the rest part of CDF curves corresponding to most cases demonstrates lower cross-correlations for the proposed design.
[image: ]
[bookmark: _Ref1039188]Figure 3. Cross-correlation results analysis for different timing windows t (samples @ 1.92MHz sampling rate), no frequency offset.
Based on that, the following proposal can be made:

Proposal 3:


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 .

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

Proposal 1:
One of the two WUS resources can be configured to be shared with legacy WUS
· If not configured, the WUS resource is used only for legacy WUS transmission and another WUS resource is used only for Rel-16 UE-group WUS.
Legacy WUS is used as a common WUS to wake up all UEs monitoring the same WUS resource.

Proposal 2:
For SS-CDM, the max number of WUS sequences within the same WUS resource is equal to 3.
· This corresponds to UE group-0, UE-group-1 and the common UE group.

Proposal 3:


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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