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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. Please note that this is a revision of our previous contribution R1-1904270. The main purpose of revision is to provide new simulation results. Based on them, we update our proposal on UE-group WUS sequence design.

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
This section presents cross-correlation analysis of UE-group WUS sequences with each other and with the legacy Rel-15 WUS according to different design proposals. In particular, the baseline legacy WUS with the following modifications is considered to generate a set of WUS sequences corresponding to different UE groups:
· Time-frequency orthogonal cover codes (TF OCCs) described in [4];
· Shifted scrambling sequences (SCRSs) described in the Appendix;
· Golay cover codes (GCCs) described in [5];
· Phase shift progression with different phase increments picked from a set of multiplies of  (the set {2, 15, …, 106} is used) described in [6] (referred to as DELTA13213);
· Short OCCs applied separately in time and frequency domains (sOCCs).
The last design proposal can be quickly described by the following equation:


	, ,	







where  is the WUS sequence corresponding to UE group , ,  is the total number of UE groups,  is the baseline legacy WUS sequence in one subframe [3],  is the OCC applied in the time domain,  is the OCC applied in the frequency domain. For the time domain OCC, the Barker code of length 11 can be a good candidate:

[bookmark: Barker_code]	.	

In this case, unique cyclic shifts of the code (2) correspond to different UE group indices . For the frequency domain OCC corresponding to different UE groups, the columns of the following matrix can be used:

	.	







In the cross-correlation analysis, 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 as a metric for comparison. The corresponding CDF curves are presented in Figure 1 and the max  values are summarized in Table 1-Table 2. The same sampling rate of 1.92 MHz is assumed and two values of carrier frequency offset (CFO) are considered: CFO=50Hz and CFO=200Hz. Also, the dependency on the total number of UE groups  is evaluated. For that purpose, the two values are used:  and ; and cross-correlation metrics  are collected across all possible WUS sequence pairs. Note that the common UE group is assumed as one of the  UE groups. The legacy WUS is reused as the common WUS. Therefore, the cross-correlation with the legacy WUS sequence is always included in the results.
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[bookmark: _Ref1039188]Figure 1. Cross-correlation results analysis for different timing windows t (samples @ 1.92MHz sampling rate), 50Hz frequency offset.



[bookmark: _Ref5364088]Table 1. Max , dB.  and 50Hz frequency offset.
	t, samples
	TF OCC
	SCRS
	GCC
	DELTA13213
	TD+FD sOCC

	11
	-7.03
	-3.16
	-5.31
	-5.31
	-7.39

	19
	-5.63
	-3.16
	-4.88
	-5.17
	-6.29

	37
	-4.8
	-3.16
	-4.23
	-4.14
	-6.26

	90
	-3.64
	-3.16
	-3.75
	-4.14
	-3.76

	270
	-3.16
	-3.16
	-3.39
	-3.34
	-3.34




[bookmark: _Ref5364109]Table 2. Max , dB.  and 50Hz frequency offset.
	t, samples
	TF OCC
	SCRS
	GCC
	DELTA13213
	TD+FD sOCC

	11
	-5.62
	-2.97
	-5.3
	-5.32
	-5.53

	19
	-4.7
	-2.97
	-4.87
	-4.83
	-4.17

	37
	-4
	-2.97
	-4.56
	-4.09
	-4.08

	90
	-3.11
	-2.97
	-3.71
	-3.75
	-3.55

	270
	-2.9
	-2.97
	-3.06
	-1.88
	-3.01



	[image: ]
	[image: ]

	(a)
	(b)

	[image: ]
	[image: ]

	(c)
	(d)

	[bookmark: _GoBack][image: ]

	(e)



Figure 2. Cross-correlation results analysis for different timing windows t (samples @ 1.92MHz sampling rate), , 200Hz frequency offset.



Table 3. Max , dB.  and 200Hz frequency offset.
	t, samples
	TF OCC
	SCRS
	GCC
	DELTA13213
	TD+FD sOCC

	11
	-7.99
	-4.49
	-6.48
	-8.48
	-9.71

	19
	-6.81
	-4.45
	-6.1
	-7.94
	-8.25

	37
	-6.01
	-4.26
	-4.96
	-6.35
	-7.56

	90
	-4.7
	-4.26
	-4.49
	-5.97
	-5.09

	270
	-4.31
	-4.26
	-4.47
	-4.52
	-4.23



Based on the results of the cross-correlation analysis, the following observations can be made:
Observation 1:


Short OCC applied separately in time and frequency domains (TD+FD sOCC) demonstrates the best performance (i.e., lowest cross-correlation metric values ) for small number of UE groups .
For large number of UE groups, TD+FD sOCC and Phase increment sequences DELTA13213 demonstrates better results (i.e., lower cross-correlation metric values) in 90% of the cases than other design proposals.
· The gap between TD+FD sOCC, DELTA13213 and other proposals decreases with the increase of the time observation window t.
Phase increment sequences DELTA13213 slightly outperforms TD+FD sOCC for t{11, 19, 37}, provides almost no difference for t=90, and demonstrate higher cross-correlation metric values for t=270.

Based on the observation from the evaluation results, the following proposal can be made:
Proposal 3:
UE-group WUS sequence in Rel-16 is based on the legacy WUS and two short OCCs applied separately in the time and frequency domains.

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 in Rel-16 is based on the legacy WUS and two short OCCs applied separately in the time and frequency domains.
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Appendix










The WUS sequence generation for NB-IoT is defined in Section 10.2.6B.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 10.2.6B.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 4.
[bookmark: _Ref5366039]Table 4.
	
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 3.


[bookmark: _Ref5366052]Figure 3. Illustration of WUS sequence generation in Rel-16 based on shifting the RE-level scrambling.

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.
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