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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the objectives of the Rel-16 work item on additional enhancements for NB-IoT [1] is to improve DL transmission efficiency and/or UE power consumption:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907437]Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


In RAN1#96bis [2], the following agreements were made with respect to UE-group WUS.
	[bookmark: _Toc5719908][bookmark: _Ref5352343]Agreement
Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.

[bookmark: _Toc5719912]Agreement
Group WUS location in relation to legacy WUS may be configured such that:
· [bookmark: _Toc5719913][bookmark: _Hlk5352570]If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,
· [bookmark: _Toc5719914]If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.

[bookmark: _Toc5719915]Agreement 
Group WUS sequence design is down selected between the following in RAN1#97
· [bookmark: _Toc5719916][bookmark: _Toc5640974]Legacy WUS with shifted scrambling codes
· [bookmark: _Toc5719917]Legacy WUS with time-frequency short OCCs 
· [bookmark: _Toc5719918]Phase shifted legacy WUS using a suitable subset of the phase increments.
· Legacy WUS with Gold codes
Companies are encouraged to provide evaluation results

[bookmark: _Toc5811409]Agreement
· Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.


In this paper, we give a detailed analysis on several aspects of UE-group WUS.
Multiplexing and common WUS
2.1 Multiplexing of Rel-15/Rel-16 UE groups
It has been agreed that up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. And it was agreed if two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.
When the eNB configures two group WUS resources, some of the R16 UEs will be assigned to the legacy WUS resource, and other R16 UEs will be assigned to the new WUS resource. At the legacy WUS resource, the legacy WUS may be reused as the common WUS, as a result, the R16 UEs will be falsely waken up when paging the R15 UEs. Therefore, when there are many R15 UEs, the R16 UEs assigned to the legacy WUS resource may have higher false alarm probability than R16 UEs assigned to the new WUS resource. To solve this fairness problem, we propose that when the eNB configures two group WUS resources, R16 UE can be assigned to different WUS resource at different POs so that each R16 UE has equal chance of being assigned to the legacy WUS resource.
Observation 1: When the eNB configures two group WUS resources, if the legacy WUS is reused as the common WUS at the legacy WUS resource, then the R16 UEs assigned to the legacy WUS resource may have higher false alarm probability than R16 UEs assigned to the new WUS resource when there are many R15 UEs.
Proposal 1: When the eNB configures two group WUS resources, R16 UE can be assigned to different WUS resource at different POs.
2.2 Common WUS
In RAN1#95 [4] and RAN1#96 [2], the following agreements were made with respect to common WUS.
	RAN1#95
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


In the legacy WUS location, it is possible to reuse the R15 WUS as the common WUS for all R16 UE groups. In the new WUS location, a new sequence is required as the common WUS for all R16 UE groups.
For the Rel-15 WUS UE, the legacy UE behavior is assumed, and if the common WUS in the legacy WUS location reuses the Rel-15 WUS, the common WUS is also applicable for Rel-15 WUS UEs.
Proposal 2: In the legacy WUS location, reuse the R15 WUS as the common WUS. In the new WUS location, a new sequence is required as the common WUS.
Proposal 3: 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.
· The above is also applicable for Rel-15 WUS UEs
UE grouping
In RAN1#94bis [2], it has been agreed that from a RAN1, perspective, UE grouping is based on at least UE ID or some function of UE ID.
UE-ID-based grouping is a straightforward way of grouping, which is quite similar to the determination of PO. Other rules, such as service-based grouping, can also be considered. For example, UEs with the same or similar paging traffic pattern can be grouped together to further reduce the false alarm probability. 
Generally, how to group UE is a RAN2 issue. So RAN1 can wait for the conclusion of the RAN2 discussions on UE grouping, and discuss the RAN1 impact as needed.
Total number of UE-group WUS
In RAN1#95 [2], it has been agreed that the number of UE groups is configurable and broadcasted in SIB, and FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.
When the number of groups increases, the false alarm probability within one group is expected to be reduced since the number of UEs in the same group decreases. However, when the number of groups increases, the probability of paging more than one UE group increases, therefore the probability of sending a common WUS also increases. Besides, for CDM based solution, the cross-correlation performance of the WUS sequences may be degraded if more WUS sequences are used to differentiate UE groups.
Since the maximum number of groups may be impacted by the WUS sequence design, the exact number of UE groups can be decided after evaluating the WUS sequences.
Observation 2: RAN1 may first study the WUS sequence design, and then decide the maximum number of UE groups.
Since supporting massive connections is one key objective of NB-IoT, the number of UEs in a cell maybe quite large for many LPWA uses cases. Therefore, the maximum number of UE groups needs to be large to reduce the paging false alarm probability effectively. In that sense, we propose at least 8 UE groups are supported.
Proposal 4: As a target design, the group WUS sequence shall support at least 8 UE-groups.
WUS sequence design
In RAN1#96bis [2], the following agreements were made with respect to WUS sequence design.
	Agreement 
Group WUS sequence design is down selected between the following in RAN1#97
· Legacy WUS with shifted scrambling codes
· Legacy WUS with time-frequency short OCCs 
· Phase shifted legacy WUS using a suitable subset of the phase increments.
· Legacy WUS with Gold codes
Companies are encouraged to provide evaluation results


It is worth noting that a totally new WUS sequence design clearly has disadvantages. For example, it is expected that there may be UEs with specialized hardware for WUS detection to highly optimize reliability and power consumption. A totally new WUS sequence design implies hardware changes, and prevents grouping of legacy UEs, whereas sequence content adjustments can be done by firmware upgrade. Also new RAN4 requirements would be needed for a new WUS sequence design. Therefore, for the Rel-16 WUS sequence design, it is advantageous to keep the compatibility and strive for commonality of Rel-16 WUS sequence design with Rel-15 WUS sequence.
Observation 3: A totally new WUS sequence design compared to R15 WUS sequence clearly has disadvantages in terms of hardware changes, preventing grouping of legacy UEs, new RAN4 requirements, etc.
The NB-IoT Rel-15 WUS sequence is designed as a combination of a RE-level scrambling Gold sequence and a ZC sequence [8] (see Annex A). As shown in Annex B, the maximum duration of NWUS (denoted as) is configured by higher layer, and the actual duration of NWUS (denoted as ) is blindly decoded by the UE. As shown in Annex A and Figure 1, for R15 WUS, the Gold sequence is initialized at the start of NWUS with initialization seed , and the total length of the Gold sequence is .


[bookmark: _Ref4751931]Figure 1 Illustration of R15 WUS
For Rel-16 WUS sequence design, in order to keep the compatibility and strive for commonality with Rel-15 WUS sequence, we propose to adopt the “legacy WUS + shifted scrambling codes” design. Assume a total number of G new WUS sequences are needed. As shown in Figure 2, we propose that the Gold sequence is still initialized at the start of NWUS with initialization seed , but the total length of the Gold sequence is extended from  to , then different WUS sequence takes different part of the longer Gold sequence. The proposed sequence design provides very good compatibility and commonality with Rel-15 WUS sequence, and can simplify the UE implementation.
Proposal 5: For Rel-16 WUS sequence design, adopt the “legacy WUS + shifted scrambling codes” design.
Proposal 6: For Rel-16 WUS sequence design, 
· The Gold sequence is extended from  to , where  is the actual duration of NWUS,  is the maximum duration of NWUS, and G is the total number of new WUS sequences
· Different WUS sequence takes different part of the longer Gold sequence
· The initialization seed  and ZC sequence are reused from R15 WUS


[bookmark: _Ref4761926][bookmark: _GoBack]Figure 2 Illustration of the “legacy WUS + shifted scrambling codes” design
Conclusion
The contribution discusses the design of group WUS. Some observations and proposals based on the analysis in the contribution are summarized as following.
Proposal 1: When the eNB configures two group WUS resources, R16 UE can be assigned to different WUS resource at different POs.
Proposal 2: In the legacy WUS location, reuse the R15 WUS as the common WUS. In the new WUS location, a new sequence is required as the common WUS.
Proposal 3: 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.
· The above is also applicable for Rel-15 WUS UEs
Proposal 4: As a target design, the group WUS sequence shall support at least 8 UE-groups.
Proposal 5: For Rel-16 WUS sequence design, adopt the “legacy WUS + shifted scrambling codes” design.
Proposal 6: For Rel-16 WUS sequence design, 
· The Gold sequence is extended from  to , where  is the actual duration of NWUS,  is the maximum duration of NWUS, and G is the total number of new WUS sequences
· Different WUS sequence takes different part of the longer Gold sequence
· The initialization seed  and ZC sequence are reused from R15 WUS

Observation 1: When the eNB configures two group WUS resources, if the legacy WUS is reused as the common WUS at the legacy WUS resource, then the R16 UEs assigned to the legacy WUS resource may have higher false alarm probability than R16 UEs assigned to the new WUS resource when there are many R15 UEs.
Observation 2: RAN1 may first study the WUS sequence design, and then decide the maximum number of UE groups.
Observation 3: A totally new WUS sequence design compared to R15 WUS sequence clearly has disadvantages in terms of hardware changes, preventing grouping of legacy UEs, new RAN4 requirements, etc.
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Annex A. NB-IoT Rel-15 WUS sequence design 
	Extracted from Section 10.2.6B of TS 36.211 [8]

10.2.6B	Narrowband wake up signal (NWUS)
10.2.6B.1	Sequence generation

The NWUS sequence  in subframe  is defined by 
	
	
	
	
	
	
where  is the actual duration of NWUS as defined in [4]. 
The scrambling sequence  is given by clause 7.2, and shall be initialized at the start of the NWUS with
	
where  is the first frame of the first PO to which the NWUS is associated, and  is the first slot of the first PO to which the NWUS is associated.



Annex B. NB-IoT Rel-15 WUS actual/maximum duration
	Extracted from Section 16.9 of TS 36.213 [9]

16.9	UE procedure for receiving narrowband wake up signal
A NB-IoT UE using NWUS can assume the actual duration of NWUS, starting in subframe w0, is one of the values in the set listed in Table 16.9-1 corresponding to the maximum duration of NWUS, , configured by higher layers. The maximum duration of NWUS starts in subframe w0 and ends in subframe (g0-1), where g0 is defined by [14] and w0 is the latest subframe such that there is a total of  NB-IoT DL subframes and subframes #4 carrying SystemInformationBlockType1-NB in the maximum duration. The UE may assume that NWUS and its associated NB-IoT paging occasion subframes are on the same NB-IoT carrier.
Table 16.9-1: Actual NWUS durations in NB-IoT DL subframes or subframes containing SystemInformationBlockType1-NB.
	
	Actual NWUS durations set

	1
	{1}

	2
	{1, 2}

	4
	{1, 2, 4}

	8
	{1, 2, 4, 8}

	16
	{1, 2, 4, 8, 16}

	32
	{1, 2, 4, 8, 16, 32}

	64
	{1, 2, 4, 8, 16, 32, 64}

	128
	{1, 2, 4, 8, 16, 32, 64, 128}

	256
	{1, 2, 4, 8, 16, 32, 64, 128, 256}

	512
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 512}

	1024
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024}



A NB-IoT UE using NWUS can assume there are at least 10 NB-IoT DL subframes between the end of the maximum duration of NWUS and the first associated NB-IoT paging occasion subframe.
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