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1. Introduction

In RAN1#96 meeting, we have the following agreements for UE-group WUS: 
Agreement
UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.

Agreement
· A UE is required to monitor WUS(s) in only one WUS (time/frequency) resource location.

Agreement
· Single-sequence CDM is used in the same WUS resource if more than one UE group is configured to monitor the WUS resource.
· Select one among the following:
· Up to 2 orthogonal WUS resources may be configured in time domain 
· Up to 2 orthogonal WUS resources may be configured in frequency domain 
· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)
· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)
· FFS: whether one of the WUS resources is configured to be shared with legacy WUS

Agreement
If configured, 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 additionally support the feature of waking up a subset of all WUS UE groups

[bookmark: _Hlk525744129]In this contribution, we further discuss UE-group MWUS from the following aspects:
· Multiplexing of WUS 
· Whether legacy WUS resource can be shared by new UEs
· Up to 2 or up to 4 total WUS resources
· Number of UE subgrouping per WUS resource
· Configuration of UE grouping

2. [bookmark: _Hlk510734227][bookmark: _Hlk525744498]Multiplexing of WUS
If we only configure TDM or FDM WUS resources, there are up to 2 WUS resources. If we allow TDM and FDM, there are up to 4 WUS resources in total. The legacy WUS resource is one of the WUS resource. For the simulation of power saving gain, we compare the following 4 cases, where the new UEs are distributed by equally balancing in each new WUS resource to achieve the best performance [2]:
· [bookmark: _Hlk4752494]Case1:	Legacy WUS resource only for legacy UE0 and 1 new WUS resource for all new UEs
· Case 2:	Legacy WUS resource for (legacy UE0+new UE1) and 1 new WUS resource for remaining new UE2 
· Case 3:	Legacy WUS resource only for legacy UE0 and 3 new WUS resources for all new UEs
· Case 4: Legacy WUS resource for (legacy UE0+new UE1) and 3 new WUS resources for the remaining new UEs
Table 1 UE ratio of legacy UE0/new UE1/new UE2 for Case 1/2/3/4
	
	UEs monitor legacy WUS resource
	New UEs monitor i-th new WUS resource

	
	Legacy UE0
	New UE1
	New UEi+1 in i-th WUS resource

	Case 1
	
	
	 with i=1 only

	Case 2
	
	
	 with i=1 only

	Case 3
	
	
	with i=1, 2 or 3

	Case 4
	
	
	 with i=1, 2 or 3



Table 1 summarizes of the distribution of UEs monitoring different WUS resource. We assume the legacy UE0 with ratio of  only monitor the 0th WUS resource, e.g., legacy WUS resource. The new UE1 if configured with ratio of  will monitor legacy WUS resource too and the remaining new UEs will be equally distributed into 1 or 3 new WUS resources. The probabilities of WUS to be detected by legacy UE0, new UE1 and remaining new UEs in i-th WUS resource are



[bookmark: _Hlk4751110][bookmark: _Hlk4751128][bookmark: _Hlk4751142]where  is the total paging probability and  is the paging probability per UE with relationship of    . The UE ratio  , , and  with total number of UEs as . In simulation, we assume  per PO (but similar results for different  if assuming same ). If legacy WUS resource is only used for legacy UEs,  and all the new UEs will only monitor one of new WUS resource(s). If the legacy UE ratio  is large and , no new UEs will monitor legacy WUS resource. In each WUS resource, subgrouping by further divide  into  subgroups can further help power saving.
The legacy UE0’s average power is , which may be increased if there is new UE1 in G1. While, the new UEi’s average power is   is the scaling factor for WUS maximum duration relative to Rmax. Assuming , , , we have compared the normalized average power consumption per UE for different ratio  of legacy UEs. The average power consumption of all UEs, including legacy UE0, new UE1, new UE2,…., as .
In Figure 1, we compare Case 1/2/3/4 with different paging probability per PO, e.g., . For TDMed and/or FDMed WUS resources, we assume same power boosting of +4.8dB as that of legacy WUS for the new WUS resource. By using more than one WUS resource and UE subgrouping G=4 per WUS resource for new UEs, there is a substantial power saving gain of UE-group WUS with respect to that of no UE grouping, especially in case of high paging probability. In summary, we have the following observations:
Observation 1: UE grouping by using Case 1/2/3/4 achieve a substantial power saving gain with respect to that of no UE grouping, summarized in Table 2. 
Table 2 Normalized average UE power consumption for Case 1/2/3/4
	Paging probability per PO
	Normalized average UE power consumption (e.g., ~1% legacy UE)

	
	Rel-15 WUS only (no grouping)
	Rel-16 UE-group WUS

	
	
	Case 1
	Case 2
	Case 3
	Case 4

	p=0.1
	0.17 (0%)
	0.11 (-35%)
	0.096 (-44%)
	0.09 (-47%)
	0.09 (-47%)

	p=0.2
	0.27 (0%)
	0.14 (-48%)
	0.11 (-59%)
	0.10 (-63%)
	0.096 (-64%)

	p=0.5
	0.57 (0%)
	0.30 (-47%)
	0.18 (-68%)
	0.15 (-73%)
	0.13 (-77%)


Observation 2: Comparing UE-group WUS of Case 1/2/3/4:
· Case 2 further reduces the power consumption and achieves substantial gain than Case 1 by 9%/11%/21% for paging probability of p=0.1/0.2/0.5.
· Case 4 with 4 WUS resources shows better performance than Case 2 but the additional gain is limited to 3%/5%/9% for paging probability of p=0.1/0.2/0.5.
· Case 4 further improves power saving gain relative to Case 3 but gets saturated if there are more than 10% legacy UE.
Proposal 1: Support up to 2 orthogonal WUS resources to be configured per dimension (up to 4 orthogonal WUS resources in total), if eNB can keep same power boosting on the FDMed WUS resources; otherwise, up to 2 orthogonal WUS resource to be configured in time domain.
[bookmark: _Hlk4753329]Proposal 2: Legacy WUS resource can be shared by new UEs.
· Legacy WUS is the common WUS for all subgroups of new UEs monitoring the legacy WUS resource.
[image: ] [image: ]
(a) p=0.1					(b) p=0.2
[image: ]
(c) p=0.5
Figure 1 Average UE power consumption for Case 1/2/3/4
with G=4 subgroups per WUS resource for new UEs
In Figure 2, we further investigate the impact of the number of UE subgrouping G per WUS resource for Case 2 and Case 4 with . We assume there are 10% legacy UEs. In order to equally distribute UEs into WUS resources, X=50% is used for Case 2 with 2 WUS resources and X=25% is for Case 4 with 4 WUS resources. The further improvement by increasing G is summarized as:
Observation 3: Comparing the number of subgrouping per WUS resource:
· The power saving gain is getting saturated as G becomes larger than 4 for low paging probability of p=0.1 in Case 2 and p=0.1 or 0.2 in Case 4.
· The power saving gain is getting saturated as G becomes larger than 8 for high paging probability of p=0.2 or 0.5 in Case 2 and p=0.5 in Case 4.
Proposal 3: Support configurable number of subgroups per WUS resource for new UEs.
· The number of subgroups is up to 8.
[image: ] [image: ]
(a) Case 2 with 2 WUS resources			(b) Case 4 with 4 WUS resources
Figure 2 Average UE power consumption 
with different G subgroups per WUS resource for new UEs
3. Configuration of UE-group WUS
[bookmark: _Hlk4690244]Considering the different resources (e.g., time/freq/power) and the number of legacy UEs/new UEs for WUS with different DRX/eDRX gap, the UE-group WUS should be configured independently because: 
· Different power/time/freq resources per gap are used to configure TDM/FDM WUS resources.
· Different number of UEs per gap would result in different paging probability. 
· Different number of legacy UEs per gap will have impact on the distribution of new UEs. 

Therefore, it is more flexible to allow independent configuration of UE-group WUS for different gaps, including the number of WUS resources, TDM and/or FDM, the UE distribution in more than one WUS resource, the number of UE subgroups per WUS resource, etc. An example is given in Figure 3(a), if power/time allows, 4 WUS resources can be configured for eDRX short and long gap. However, only 2 FDMed WUS resources are for DRX gap between the distance of short eDRX gap and DRX gap. In case of 4 WUS resources, small number of subgroups per resource may is sufficient; while large number of subgroups be needed for 2 WUS resources. 
If the DRX gap is same as eDRX short gap, as illustrated in Figure 3(b), the UEs using the same gap should be allocated with same WUS resources, which means same configuration of UE-group WUS is applied.
Each WUS resource has the length of max WUS duration assuming same transmit power as legacy WUS. Up to 2 TDMed WUS resources per DRX/eDRX gap should be back to back in time domain to minimize the time delay relative to the associated PO.
[image: ]
(a) [bookmark: _Hlk4690228]Different DRX gap and short eDRX gap
[image: ]
(b) [bookmark: _Hlk4690213]Same DRX gap and short eDRX gap
Figure 3 Configuration of WUS resources per DRX/eDRX gap
[bookmark: _Hlk4753471]Proposal 4: Configuration of the UE-group WUS is per DRX/eDRX gap.
· If DRX gap is same as short eDRX gap, the DRX UEs and eDRX UEs with short eDRX gap have same configuration of UE-group WUS.
Proposal 5: Each WUS resource has same length of WUS max duration assuming same transmit power as legacy WUS.
Proposal 6: Up to 2 TDMed WUS resources per DRX/eDRX gap are contiguous in time domain.
4. Summary
Proposal 1: Support up to 2 orthogonal WUS resources to be configured per dimension (up to 4 orthogonal WUS resources in total), if eNB can keep same power boosting on the FDMed WUS resources; otherwise, up to 2 orthogonal WUS resource to be configured in time domain.
Proposal 2: Legacy WUS resource can be shared by new UEs.
· Legacy WUS is the common WUS for all subgroups of new UEs monitoring the legacy WUS resource.
Proposal 3: Support configurable number of subgroups per WUS resource for new UEs.
· [bookmark: _GoBack]	The number of subgroups is up to 8.
Proposal 4: Configuration of the UE-group WUS is per DRX/eDRX gap.
· If DRX gap is same as short eDRX gap, the DRX UEs and eDRX UEs with short eDRX gap have same configuration of UE-group WUS.
Proposal 5: Each WUS resource has same length of WUS max duration assuming same transmit power as legacy WUS.
Proposal 6: Up to 2 TDMed WUS resources per DRX/eDRX gap are contiguous in time domain.
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