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1. [bookmark: _GoBack]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#95 meeting, the following agreements regarding UE-group WUS were made [2]:
	Agreement
UE group ID is used as a parameter to generate WUS UE group sequence(s)

Agreement
One group WUS is designed as a single sequence

[bookmark: _Toc529800363]Agreement
Further study false detection (cross/auto correlation) performance properties for the following designs:
· [bookmark: _Toc529800364]legacy WUS + cover codes,
· [bookmark: _Toc529800365]legacy WUS + shifted scrambling codes,
· [bookmark: _Toc529800366]legacy WUS + phase shift + cover code + scrambling bits
· Including combinations of phase shift, cover code, and/or scrambling bits
[bookmark: _Toc529800367]Other designs are not precluded.

Agreement 
[bookmark: _Toc529800358]The number of UE groups is configurable and broadcasted in SIB.
· [bookmark: _Toc529800359]FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.

Agreement
Multiplexing of Rel-16 UE groups is down-selected among
· Single sequence CDM is supported
· Single sequence CDM is supported and TDM can be additionally applied
· FFS: Configurability of CDM and/or TDM

[bookmark: _Toc529800342]Agreement
A common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs
· FFS: Whether to support waking up a subset of all WUS UE groups

[bookmark: _Toc529980151]Agreement
For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options
· [bookmark: _Toc529980152]TDM
· [bookmark: _Toc529980154]single-seq. CDM
· [bookmark: _Toc529980155]single-seq. CDM+TDM
[bookmark: _Toc529980156]FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.

[bookmark: _Toc529980160]Agreement
Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.
· No new gap higher layer signaling will be introduced for TDM


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

2. Multiplexing Considerations
The multiplexing concept described in this section is illustrated in Figure 1.


[bookmark: _Ref525575368]Figure 1. Multiplexing Rel-16 WUSes with each other and with the legacy Rel-15 WUS.
In NB-IoT, the carrier bandwidth is equal to only one PRB. Therefore, the TDM is a viable solution for multiplexing UE-group WUSes in Rel-16. However with TDM, the gap between the WUS and the start of the associated PO may be quite large, especially when the configured maximum WUS duration is large. This may impact the UE power saving gain and cause overlapping between WUSes corresponding to different POs. In this case, it’s seemed reasonable to limit the TDM to 2 sets of time resources maximum. With this approach, the TDM is only used to multiplex the legacy Rel-15 WUS and one of the new Rel-16 WUSes. The separation of the legacy WUS from the Rel-16 WUSes in the time domain also minimizes the impact on the legacy WUS performance as much as possible as clearly says the agreement from the last meeting:
	Agreement 
The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled
· Performance impact on legacy WUS should be carefully considered


There is no need to multiplex Rel-16 WUSes because if UEs from both UE groups are to be paged, the common UE group WUS can be used, i.e., single sequence CDM is used.

Proposal 1:
TDM is used to multiplex Rel-16 WUS and the legacy Rel-15 WUS transmissions.
Support single sequence CDM to multiplex Rel-16 WUS transmissions 

Considering the tradeoff between the UE power saving and the WUS multiplexing capability, the max number of UE groups is limited and equal to 4: one for legacy Rel-15 UEs and three groups for Rel-16 UEs where one of the three is the common UE group.

Proposal 2:
Max number of UE groups is 4.

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

	1
	UE common

	2
	UE group-0

	3
	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:
TDM is used to multiplex Rel-16 WUS and the legacy Rel-15 WUS transmissions.
Support single sequence CDM to multiplex Rel-16 WUS transmissions 

Proposal 2:
Max number of UE groups is 4.

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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