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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In RAN1#96bis, the following agreements requiring further study were made on specific support of UE-group Wake Up Signal.
· 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.
· For further discussion: Alternatives for multiplexing between legacy WUS and group WUS and the associated common WUS
· [bookmark: _Toc5719913]Group WUS location in relation to legacy WUS may be configured such that:
· [bookmark: _Hlk5352570][bookmark: _Toc5719914]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.
· Possible agreement: If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource is configured to be legacy WUS or a non-legacy WUS.
· [bookmark: _Toc5811409]Possible 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.
[bookmark: _Toc5811410][bookmark: _Hlk5810033]Send LS to RAN2 to ask whether the benefit and complexity are acceptable to RAN2 regarding introducing a weighting function such that the number of UEs monitoring a WUS resource may be altered based on that function.
In this contribution, aspects of UE group Wake up Signal are further discussed.
[bookmark: _Ref481671177]
Multiplexing of UE-group WUS and legacy WUS 
RAN1#96bis agreed that  up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured.  It is for further study whether a group WUS resource may be shared with legacy WUS or not. We consider alternatives for multiplexing between legacy WUS and group WUS and the associated common WUS as shown in Table 1. Group WUS is designed as a single sequence. 
	
	
	Legacy WUS
	UE Group WUS
	Common WUS
	

	Option 1
	TDM resource #1
	X
	X
	X
	Common WUS is UE group WUS with single sequence 

	
	TDM resource #2
	
	X
	
	

	Option 2
	TDM resource #1
	X
	X
	
	Common WUS is legacy UE

	
	TDM resource #2
	
	X
	
	

	Option 3
	TDM resource #1
	X
	
	
	Legacy UE is not in resource shared with UE group WUS 

	
	TDM resource #1
	
	X
	X
	


Table 1: alternatives for multiplexing between legacy WUS and group WUS and the associated common WUS
We have preference for option 1 or 3 where the legacy WUS is not the common WUS. This avoids the scenario where a release-15 UE detects the legacy WUS but there is no paging because the legacy WUS is used as the common WUS. Both options do not allow the case where a single sequence CDM can include legacy WUS. This would require that the common WUS must be the legacy WUS, since a legacy WUS-capable UE can only detect the legacy WUS.
Observation 1: If a single sequence CDM is the common WUS, the release-15 UE can detect the legacy WUS and wake up even if it is not paged.
Observation 2: If a single sequence CDM is the common WUS, common WUS must be the legacy WUS, since a legacy WUS-capable UE can only detect the legacy WUS.
Proposal 1: Group WUS resource can be configured to be shared by the Rel-15 WUS and rel-16 WUS if the legacy WUS is not the common WUS.

DRX/eDRX gap configuration 
Figure 1 illustrates an example for single-seq CDM + TDM for multiplexing of legacy UEs and rel-16 UEs with same DRX/eDRX gap configuration. The common WUS is different from the legacy WUS in the example. 
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Figure 1 Illustration of Rel-15 WUS and Rel-16 UE-groups WUS with Single Seq CDM + TDM
[bookmark: _Toc529800358]The UEs in a WUS UE group must be configured with the same DRX/eDRX gap assuming they share the same group WUS resource otherwise single sequence CDM on the resource cannot be used. 
The legacy UE on the other group WUS resource can be configured with the same or with a different DRX/eDRX gap WUS as configured in the other group WUS resource.
Observation 3: Single sequence CDM on the resource cannot be used if the UEs in a WUS UE group are not configured with same DRX/eDRX gap. 
Observation 4: The legacy UE on the other group WUS resource can be configured with the same or with a different DRX/eDRX gap WUS.
In case the legacy WUS and the UE group WUS can share the same group WUS resource, the legacy UEs and rel-16 UEs must be configured with the same DRX/eDRX gap otherwise they can’t share the same group WUS resource.
Proposal 2: The legacy UE and/or the rel-16 UEs are configured with the same DRX/eDRX gap if they share the same group WUS resource.
Assuming the 2 time-multiplexed WUS resources for both legacy WUS and group WUS are back-to-back there should be configured with same DRX/eDRX gap otherwise a new gap between the group WUS resources will need to be specified. The new gap could be very large in case one group WUS resource is configured with DRX gap and the other group WUS resource is configured with a much longer eDRX gap.
Proposal 3:  The 2 time-multiplexed WUS resources are back-to-back and UEs sharing these resources are configured with same DRX/eDRX gaps.

Number of UE groups for UE-group WUS
[bookmark: _Toc529800359]RAN1#95 made agreement that the number of UE groups is configurable and broadcasted in SIB. It is for further study details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.
The grouping for legacy UEs is the same as paging group with G=1. The configuration for paging group is linked to UE_ID and DRX/eDRX based on paging parameters nB and defaultPagingCycle-r13/T broadcast via SIB. The number of UE groups for WUS can be very large if the number of sequences for single sequence CDM is sufficient to accommodate all the UE groups. 
Observation 5: The number of UE groups for WUS can be large if the number of sequences for single sequence CDM is large. 
Consider example with legacy WUS (G=1) and UE-group WUS (G=4) illustrated in Figure 2. There are 5 WUS groups all together. We assume in this n example a paging configuration with one paging carrier, paging cycle T =256, nB=32(=T/8=256/8), N=min(T, nB)=32 PFs per paging cycle = 2560 ms and Ns= max(1,nB/T)=1 PO per PF. There are 32 POs per paging cycle and the interval between two POs is 80ms.
[image: ]
Figure 2. Example of UE grouping for WUS with G=1 and G=4 

In this example, the probability of unnecessarily waking up a UE can be reduced. There is a trade-off between UE’s main receiver wake up (result in UE’s power consumption) and WUS resource overhead. Consider a group of UEs with same duty cycle, evenly paged in the duty cycle, and idle mode DRX cycle 2.56 sec. The paging probability is shown  in Table 2. The UE’s main receiver wake up probability is shown in Figure 3.
· With 100 UEs associated to a UE-group WUS and duty cycle 1 min, the UE’s main receiver wake up probability is 0.99. 
· With 50 UEs associates to a UE-group WUS and duty cycle 15 mins, the main receiver wake up probability is 0.13. 

	Duty cycle
	1 min
	5 mins
	10 mins
	15 mins
	30 mins
	60 mins

	Paging probability 
	0.0427
	0.0085
	0.0043
	0.0028
	0.0014
	0.0007


Table 2: Duty cycle and paging probability of UEs in a WUS group
[image: ]
Figure 2: WUS association and UE’s main receiver wake up probability
Figure 3 shows that the UE-group WUS resource overhead increases with the number of UE groups. Table 3 list the UE CE level distribution probability and the corresponding WUS repetition number. To guarantee a WUS detection rate < 1%, the eNB transmit WUS with repetitions for all UEs in the UE group assuming worst case in extreme coverage. This requires up to 125% increase in WUS overhead per DRX cycle with 100 UE groups.  For stationary case, if the eNB can store CE level information of UEs associated to the same WUS and only transmit WUS with the required number of repetitions, the overhead may reduce to 20%.   Figures 3 and  4 suggest 4 WUS UE groups per associate PO is reasonable compromise between resource efficiency and probability of UE’s main receiver wake up.
Observation 6: The number of UE groups for WUS depends on compromise between resource efficiency and probability of UE’s main receiver wake up. 
Proposal 4: The number of UE-group WUS is 4.

	
	144 dB MCL
	154 dB MCL
	164 dB MCL

	UE CE level distribution probability 
	0.85
	0.0
	0.05

	WUS repetition number
	1
	16
	32


Table 3: UE CE level distribution probability and the corresponding WUS repetition number
[image: ]
Figure 3: WUS resource overhead


Conclusion
In this contribution, we discussed design aspects for NB-IoT coexistence with NR and made the following observations and proposals.
Observation 1: If a single sequence CDM is the common WUS, the release-15 UE can detect the legacy WUS and wake up even if it is not paged.
Observation 2: If a single sequence CDM is the common WUS, common WUS must be the legacy WUS, since a legacy WUS-capable UE can only detect the legacy WUS.
Proposal 1: Group WUS resource can be configured to be shared by the Rel-15 WUS and rel-16 WUS if the legacy WUS is not the common WUS.
Observation 3: Single sequence CDM on the resource cannot be used if the UEs in a WUS UE group are not configured with same DRX/eDRX gap. 
Observation 4: The legacy UE on the other group WUS resource can be configured with the same or with a different DRX/eDRX gap WUS.
Proposal 2: The legacy UE and/or the rel-16 UEs are configured with the same DRX/eDRX gap if they share the same group WUS resource.
Proposal 3:  The 2 time-multiplexed WUS resources are back-to-back and UEs sharing these resources are configured with same DRX/eDRX gaps.
Observation 5: The number of UE groups for WUS can be large if the number of sequences for single sequence CDM is large. 
Observation 6: The number of UE groups for WUS depends on compromise between resource efficiency and probability of UE’s main receiver wake up. 
Proposal 4: The number of UE-group WUS is 4.
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