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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#97 [2], the following agreements were made with respect to UE-group WUS.
	Working Assumption
At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to wgroup(m’) = w(m’) exp(j2πgm/G) 
· FFS: Details of g and G

Agreement
If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, the common WUS sequence for all the group WUS UEs in the same WUS resource can be configured to be the Rel-15 WUS sequence or a Rel-16 WUS sequence.

Working Assumption
[bookmark: _Toc8741529]The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.

Working Assumption
[bookmark: _Toc8741530]The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.

Agreement
[bookmark: _Toc8741531]Each UE monitors up to X WUS sequences. 
· [bookmark: _Toc8741532]Value of X will be selected between 2 and 3
· [bookmark: _Toc8741533]X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported


In this paper, we give a detailed analysis on several aspects of UE-group WUS.
UE to WUS resource mapping
It has been agreed in RAN1#96bis [3] 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.
As shown in Figure 1, when the eNB configures two group WUS resources, some of the R16 UEs will be assigned to the group-WUS resource that coincides the legacy WUS resource (where legacy UE belongs to), and other R16 UEs will be assigned to the other group WUS resource. At the group WUS resource that coincides the legacy WUS resource, the legacy WUS may be reused as the common WUS. As a result, the R16 UEs will be falsely woken up when paging the R15 UEs. Therefore, when there are many R15 UEs, the R16 UEs assigned to the group WUS resource that coincides with the legacy WUS resource may have higher false alarm probability than R16 UEs assigned to the other group WUS resource that does not coincide with the legacy WUS resource. To solve this fairness issue, it is proposed 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 group WUS resource that coincides with legacy WUS resource.
Observation 1: When the legacy WUS is configured as the common WUS in the group WUS resource that coincides with the legacy WUS resource, the R16 UEs assigned to this group WUS resource are expected to have higher false alarm waking up rate than the UEs assigned to the other WUS resource that does not coincides with the legacy WUS resource.
Proposal 1: When the eNB configures two group WUS resources, R16 UE can be assigned to different WUS resource at different POs to improve the fairness between WUS groups.

[bookmark: _Ref16614667]Figure 1 Illustration of UE to WUS resource mapping
UE grouping
In RAN1#94bis [6], 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 UEs 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 [5], 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. For CDM based solutions, 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.
Proposal 2: RAN1 to first study the WUS sequence design, and then decide the maximum number of UE groups.
Since supporting massive numbers of connections is one key objective of NB-IoT, the number of UEs in a cell may be quite large for many LPWA uses cases. Therefore, the maximum number of UE groups needs to be large enough to reduce the paging false alarm probability effectively. In that sense, we propose at least 8 UE groups are supported.
Proposal 3: As a target design, the group WUS sequence can support at least 8 UE-groups.
WUS sequence design
5.1 False alarm detection of group WUS in different group WUS resources
In NB-IoT R15 WUS, three WUS gaps were introduced, i.e., DRX gap, eDRX short gap, eDRX long gap. The value set of each gap is given in Table 1 [8].
[bookmark: _Ref15484535]Table 1 Value set of three gaps
	Gap
	Value set

	DRX gap
	{40, 80, 160, 240} ms

	eDRX short gap
	{40, 80, 160, 240} ms

	eDRX long gap
	{1000, 2000} ms


In RAN1#96bis [2], the following agreements were made with group WUS resource.
	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.

Agreement
Group WUS location in relation to legacy WUS may be configured such that:
· 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,
· 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.


In summary, for R16 group WUS, there can be up to 2 time-multiplexed group WUS resources for each gap, which is shown in Figure 2.

[bookmark: _Ref15480684]Figure 2 Illustration of R16 group WUS resource
In R15 WUS evaluation assumptions, it has been agreed that when the UE performs WUS detection, the timing error is 2.08us~65.536ms [7]. As a result, for a given UE, the WUS detection window may contain WUS sequences belonging to other gaps, resulting in false alarm and increasing UE power consumption if the same WUS sequences are used in different WUS resources.
For example, assume DRX gap=40ms, eDRX short gap=160ms, WUS maximum duration =128 ms, and UE timing error=10ms. As shown in Figure 3, assume the UE detects WUS in legacy WUS resource of eDRX short gap, due to the timing error, the WUS detection window will be larger than  and may contain WUS sequences belonging to the new WUS resource with DRX gap. As a consequence, if the same WUS sequences are used in different WUS resources, then the UE detecting WUS in legacy WUS resource of eDRX short gap will be false alarmed if the eNB sends WUS in new WUS resource of DRX gap.

[bookmark: _Ref15481032]Figure 3 Illustration of false alarm when additional group WUS resource is configured
It is worth noting that the false alarm is not a corner case when the new group WUS resource is configured. Some parameter combinations that leads to such kind of false alarm issue are listed in Table 2. The group WUS is actually introduced to reduce the false alarm on waking up by further grouping the UEs of one PO into more WUS groups. Therefore, the false alarm issue should be resolved as much as possible when introducing group WUS in Rel-16.
Observation 2: False alarm detection of group WUS in different group WUS resources may happen and degrades the benefit to introduce group WUS.
[bookmark: _Ref15481708]Table 2 Some parameter combinations that leads to false alarm
	Case
	DRX gap
(ms)
	eDRX short gap
(ms)
	Lmax (WUS maximum duration)
(ms)
	Timing error
(ms)

	1
	40
	80
	32
	

	2
	40
	160
	128
	

	3
	40
	240
	256
	

	4
	80
	160
	64
	

	5
	80
	240
	128
	

	6
	160
	240
	64
	


To address the false alarm issue above, it is proposed to design group WUS sequences so that a group WUS in one group WUS resource can be differentiated with another group WUS/legacy WUS in the other group WUS resource. This needs to be considered in the group WUS sequence design.
Proposal 4: Different WUS sequences are used in different group WUS resources. FFS the details.
5.2 Detailed sequence design
In RAN1#97 [2], the following working assumption were made with respect to group WUS sequence design in the same WUS resource.
	Working Assumption
At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to wgroup(m’) = w(m’) exp(j2πgm/G) 
· FFS: Details of g and G


Phase shift is commonly used in NB-IoT to convey information, such as in NSSS. Some examples have been provided by companies in previous meetings. For example, the following alternative, called DELTA13213, has been provided by [9]:
	Alt
	g
	G

	DELTA13213 [9]
	
	132


In DELTA13213, G is fixed to 132, and g is used to convey the group ID, and up to 11 WUS sequences (including legacy WUS) can be supported. The key idea of DELTA13213 is that different group ID is mapped to different g. A more general form of g can be written as . Motivated by this, we have simulated many other alternatives which take different values of offset and step. The cross-correlation results of the all the alternatives are provided in Figure 4 and Figure 5. The normalized cross-correlation value, i.e., maximum cross-correlation value in the time domain window with a timing offset  normalized by the auto-correlation value at zero timing offset, is considered.
In Figure 4, alternatives with offset=0 and different values for step are simulated. It can be observed that the following alternatives have the best performance: .
In Figure 5, alternatives with the same step=13 and different values for offset are simulated. It can be observed that the following alternatives have the best performance:.
In summary, according to the cross-correlation results in Figure 4 and Figure 5, the performance of all the alternatives in Table 3 are similar.
[bookmark: _Ref16793815]Table 3 Alternatives which have similar cross-correlation performance
	Alt
	g
	G

	1
	
	132

	2
	
	132

	3
	 
	132

	4
	
	132


Observation 3: In terms of cross-correlation results, the performance of the following alternatives are similar.
· Alt1: , G=132
· Alt2: , G=132
· Alt3:  , G=132
· Alt4: , G=132
[image: ] [image: ]
[bookmark: _Ref16793226]Figure 4 Cross-correlation results of some alternatives (offset=0, step is different): timing offset ΔT=47 us, SNR=0 dB, CFO=50 Hz
 
[image: ] [image: ]
[bookmark: _Ref16793227]Figure 5 Cross-correlation results of some alternatives (step=13, offset is different): timing offset ΔT=47 us, SNR=0 dB, CFO=50 Hz [footnoteRef:2] [2:  For simplicity, in the figure, we use “” to represent , others can be interpreted similarly] 

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 to improve the fairness between WUS groups.
Proposal 2: RAN1 to first study the WUS sequence design, and then decide the maximum number of UE groups.
Proposal 3: As a target design, the group WUS sequence can support at least 8 UE-groups.
Proposal 4: Different WUS sequences are used in different group WUS resources. FFS the details.

Observation 1: When the legacy WUS is configured as the common WUS in the group WUS resource that coincides with the legacy WUS resource, the R16 UEs assigned to this group WUS resource are expected to have higher false alarm waking up rate than the UEs assigned to the other WUS resource that does not coincides with the legacy WUS resource.
Observation 2: False alarm detection of group WUS in different group WUS resources may happen and degrades the benefit to introduce group WUS.
Observation 3: In terms of cross-correlation results, the performance of the following alternatives are similar.
· Alt1: , G=132
· Alt2: , G=132
· Alt3:  , G=132
· Alt4: , G=132
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