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1. Introduction

In RAN1#96bis meeting, we have the following agreements for UE-group WUS: 
Agreement
For evaluation purpose and down-selection on multiplexing schemes in RAN1#97:
· UE assumes the same WUS max duration and same transmit power for Rel-15 WUS and Rel-16 WUS 

Agreement
Down-select one of the following options until RAN1#97 based on evaluation results including power saving gain, usage of resources, etc
· 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)
Determine in RAN1#97 whether legacy WUS resource is counted as one of the configured WUS resource(s).

Agreement
Rel-15 WUS and Rel-16 WUS can be configured on the same legacy WUS resource via SI
· FFS explicitly or implicitly
· Same WUS parameters are assumed for both Rel-15 and Rel-16 WUS in case both are on the same legacy WUS resource

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.

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 can be configured to be legacy WUS or a non-legacy WUS.


[bookmark: _Hlk525744129]In this contribution, we further discuss UE-group MWUS from the following aspects:
· Multiplexing of WUS 
· Up to 2 or up to 4 total WUS resources
· [bookmark: _Hlk7788656]Number of UE groups
· Configuration of Rel16 WUS
· [bookmark: _Hlk7788663]Narrowbands for Rel16 WUS 
· Weighting factors for WUS resources
· Other parameters

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, as illustrated in Figure 1. The legacy WUS resource is one of the WUS resource. The 4 WUS resources are consecutive in time domain or frequency domain.
[image: ]
Figure 1 Up to 4 WUS resources for legacy and UE-group WUS
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:	N=2 WUS resources include legacy WUS resource not sharing for with new UEs
· Case 2:	N=2 WUS resources include legacy WUS resource shared by legacy UE0 and new UE1 
· Case 3:	N=4 WUS resources include legacy WUS resource not sharing for with new UEs
· Case 4: 	N=4 WUS resources include legacy WUS resource shared by legacy UE0 and new UE1
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 2, 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 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 with G=4 per WUS resource
	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, it improves power saving by sharing the legacy WUS by legacy WUS and new WUS.
· 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.
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(a) p=0.1					(b) p=0.2
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(c) p=0.5
Figure 2 Average UE power consumption for Case 1/2/3/4
with G=4 subgroups per WUS resource for new UEs
[bookmark: _Hlk7693737]Figure 3 investigates the performance by using different number G of subgroups per WUS resource with different paging probability. Assuming there are N=1, 2, or 4 WUS resources, one of WUS resources coincides with the legacy WUS resource. The total number of groups will be equal to (NxG). 
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(a) p=0.1					(b) p=0.2
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(b) p=0.5
Figure 3 Average power consumption per UE with 1 or 2 WUE resources 
and different number of UE groups per WUS resource
[bookmark: _Hlk528933812]
Table 3a summarizes the power saving gain relative to no grouping (Rel15 WUS only) assuming no legacy UEs for p=0.1, 0.2 or 0.5, respectively. In case of no legacy UEs, the legacy WUS resource will be fully used by new UEs and all the new UEs will be distributed equally into N=1, 2 or 4 WUS resources.
 Table 3a Power saving gain of different number of UE groups per WUS resource (No legacy UEs)
(a) p=0.1
	Total number of groups (1xG)
	G=1
	G=2
	G=4
	G=8
	G=16

	Gain of N=1 WUS resource
	0%
	+22%
	+36%
	+42%
	+46%

	Total number of groups (2xG)
	2G=4
	2G=4
	2G=8
	2G=16
	2G=32

	Gain of N=2 WUS resources
	+28%
	+37%
	+44%
	+48%
	+49%

	Total number of groups (4xG)
	4G=4
	4G=8
	4G=16
	4G=32
	4G=64

	Gain of N=4 WUS resources
	+43%
	+44%
	+48%
	+48%
	+49%


(b) p=0.2
	Total number of groups (1xG)
	G=1
	G=2
	G=4
	G=8
	G=16

	Gain of N=1 WUS resource
	0%
	+31%
	+47%
	+54%
	+58%

	Total number of groups (2xG)
	2G=4
	2G=4
	2G=8
	2G=16
	2G=32

	Gain of N=2 WUS resources
	+35%
	+50%
	+59%
	+62%
	+65%

	Total number of groups (4xG)
	4G=4
	4G=8
	4G=16
	4G=32
	4G=64

	Gain of N=4 WUS resources
	+53%
	+58%
	+62%
	+63%
	+64%


(c) p=0.5
	Total number of groups (1xG)
	G=1
	G=2
	G=4
	G=8
	G=16

	Gain of N=1 WUS resource
	0%
	+34%
	+48%
	+54%
	+56%

	Total number of groups (2xG)
	2G=4
	2G=4
	2G=8
	2G=16
	2G=32

	Gain of N=2 WUS resources
	+36%
	+58%
	+68%
	+73%
	+75%

	Total number of groups (4xG)
	4G=4
	4G=8
	4G=16
	4G=32
	4G=64

	Gain of N=4 WUS resources
	+59%
	+68%
	+73%
	+75%
	+76%



Table 3b summarizes the power saving gain relative to no grouping (Rel15 WUS only) assuming 25% legacy UEs for p=0.1, 0.2 or 0.5, respectively. Legacy WUS is shared by legacy WUS and new WUS and 25% legacy UEs and new UE1 of 75%-(N-1)/N are allocated to monitor legacy WUS resource, and the remaining 1/N new UE2 monitor the new group WUS resource with N=1, 2 or 4 WUS resources.  Here we assume the common WUS for new UE1 is the legacy WUS in G1 and another common WUS for new UEs is a non-legacy WUS in other WUS resources. 

Table 3b Power saving gain of different number of UE groups per WUS resource (25% legacy UEs)
(a) p=0.1
	Total number of groups (1xG)
	G=1
	G=2
	G=4
	G=8
	G=16

	Gain of N=1 WUS resource
	+11%
	+22%
	+29%
	+33%
	+35%

	Total number of groups (2xG)
	2G=4
	2G=4
	2G=8
	2G=16
	2G=32

	Gain of N=2 WUS resources
	+32%
	+37%
	+41%
	+43%
	+44%

	Total number of groups (4xG)
	4G=4
	4G=8
	4G=16
	4G=32
	4G=64

	Gain of N=4 WUS resources
	+43%
	+44%
	+48%
	+50%
	+51%


(b) p=0.2
	Total number of groups (1xG)
	G=1
	G=2
	G=4
	G=8
	G=16

	Gain of N=1 WUS resource
	+13%
	+29%
	+38%
	+42%
	+44%

	Total number of groups (2xG)
	2G=4
	2G=4
	2G=8
	2G=16
	2G=32

	Gain of N=2 WUS resources
	+39%
	+48%
	+54%
	+56%
	+58%

	Total number of groups (4xG)
	4G=4
	4G=8
	4G=16
	4G=32
	4G=64

	Gain of N=4 WUS resources
	+53%
	+59%
	+64%
	+67%
	+68%


(c) p=0.5
	Total number of groups (1xG)
	G=1
	G=2
	G=4
	G=8
	G=16

	Gain of N=1 WUS resource
	+15%
	+31%
	+38%
	+41%
	+43%

	Total number of groups (2xG)
	2G=4
	2G=4
	2G=8
	2G=16
	2G=32

	Gain of N=2 WUS resources
	+42%
	+55%
	+61%
	+64%
	+65%

	Total number of groups (4xG)
	4G=4
	4G=8
	4G=16
	4G=32
	4G=64

	Gain of N=4 WUS resources
	+59%
	+71%
	+77%
	+80%
	+82%



[bookmark: _Hlk7712419]Observation 2: More total number (NxG) of UE groups achieves larger power saving gain until (NxG)=16 achieving almost saturated gain.
· G: number of subgroups per WUS resource
· N: number of WUS resources
Observation 3: Assuming NxG=16 UE groups (to see saturated power saving gain), the larger number N of WUS resources the better power saving gain.
· In case of no legacy UEs, N=1 is sufficient for p=0.1, 0.2 but N=2 is much better for p=0.5. N=4 performs similarly as N=2.
· p=0.1: N=1 +46%  N=2 +48% (+2%)  N=4 +48% (+2%)
· p=0.2: N=1 +58%  N=2 +62% (+4%)  N=4 +62% (+4%)
· p=0.5: N=1 +56%  N=2 +73% (+17%)  N=4 +73% (+17%)
· In case of 25% legacy UEs, N=2 could be ok for p=0.1 but N=4 is much better for p=0.2, 0.5.
· p=0.1: N=1 +35%  N=2 +43% (+8%)  N=4 +48% (+13%)
· p=0.2: N=1 +44%  N=2 +56% (+12%)  N=4 +64% (+20%)
· p=0.5: N=1 +43%  N=2 +64% (+21%)  N=4 +77% (+34%)

Based on the above analysis, we propose
Proposal 1: Up to 2 orthogonal WUS resources per dimension can be configured 
· Legacy WUS resource is counted as one of up to 4 configured orthogonal WUS resources.
· eNB can keep same power boosting on the FDMed and/or TDMed WUS resources
Proposal 2: The number of WUS resources and the number of UE groups per WUS resource can be configured based on the paging probability.
· Number of WUS resources: N=1, 2, or 4
· Number of UE groups per WUS resource: G=1, 2, 4, 8, or 16
· Total number of UE groups: NxG<=16

3. Configuration of UE-group WUS
	In MTC, there can be multiple narrowbands configured for paging. The eNB uniformly distributes the paging for narrowbands based on the UE ID as:
PNB = floor(UE_ID/(N*Ns)) mod Nn
The paging probability is similar per narrowband due to equal number of UEs. 
	If narrowband-specific on/off is supported for Rel16 WUS, it may be beneficial to change the way a Rel16 UE selects its paging narrowband. For the UEs using group WUS, the number Nn of paging narrowbands is the number of narrowbands that support group WUS. 
	For example, there are narrowband #0-5 for Rel-15 WUS UEs and Nn=6 for legacy UEs. When there are less new UEs, only the limited number of narrowbands are used for new UEs, e.g., the narrowband #0-2 are used to send UE-group WUS. Therefore, Nn=3 for new UEs. It could be a possible way to change the relative ratio between legacy UEs and new UEs by narrowband selection. 
Proposal 3: Consider narrowband selection for group WUS configuration.
	
	Another aspect is how to load balancing amongst the different WUS resources. From the observation in [2], load balancing to uniform UE distribution maximize the power saving gain. We could balance the number of UEs per WUS resource, e.g., in a manner similar to that developed in Rel-14 for paging in NB-IoT carriers. For the distribution of new UEs in the two WUS resources, we can set weighting factors for group WUS resources as WG(i,G1) and WG(i,G2) and WG(i)=WG(i,G1)+WG(i,G2) on i-th paging narrowband supporting group WUS. The new UEs of WG(i,G1)/WG(i) are allocated to monitor the legacy WUS resource and remaining new UEs of WG(i,G2)/WG(i) belong to the new WUS resource. 
For example, 
· If only 1/4 UEs are legacy, the weighting factors can be WG(i,G1)=1, WG(i,G2)=2 and WG(i)=WG(i,G1)+WG(i,G2)=3. The new UEs of WG(i,G1)/WG(i)=1/3 are allocated to monitor the legacy WUS resource and remaining new UEs of WG(i,G2)/WG(i)=2/3 belong to the new WUS resource. In total, there are 1/2 UEs per WUS resource. 
· If 1/2 UEs are legacy, the legacy WUS resource is not used for group WUS. The weighting factors can be WG(i,G1)=0, WG(i,G2)=1 and WG(i)=WG(i,G1)+WG(i,G2)=1. No new UEs, i.e., WG(i,G1)/WG(i)=0, are allocated to monitor the legacy WUS resource and all the new UEs, i.e., WG(i,G2)/WG(i)=1 are belong to the new WUS resource. In total, there are 1/2 UEs per WUS resource.
Proposal 4: Support weighting factor configuration for UE distribution amongst the different WUS resources configured for a narrowband. 

[bookmark: _Hlk7786711]The UE only monitors one WUS resource. Per WUS resource, there is only one sequence sent from eMB at one time, e.g., a UE group WUS, a common WUS for all group WUSs. If a common WUS is configured, the UE will detect two WUS sequences. More than two WUS sequence detection will increase UE complexity as well as the false detection probability.  
[bookmark: _Hlk7786232]Proposal 5: Each UE monitors up to 2 WUS sequences. 
[bookmark: _Hlk7786305]
In RAN2 agreements, coverage-based grouping is not supported. The legacy WUS can be shared by Rel15 WUS and Rel16 WUS. Therefore, the parameters for legacy WUS, i.e., the max duration for new WUS sequence and the transmit power, should be applied to Rel16 WUS sequence as well. 
Proposal 6: UE assumes transmit power for Rel16 WUS sequence is same as legacy WUS sequence.
Proposal 7: Max WUS duration for Rel16 WUS sequence is same as legacy WUS sequence.

4. Summary
The proposals made in this contribution are summarized below.
For WUS multiplexing:
Proposal 1: Up to 2 orthogonal WUS resources per dimension can be configured 
· Legacy WUS resource is counted as one of up to 4 configured orthogonal WUS resources.
· eNB can keep same power boosting on the FDMed and/or TDMed WUS resources
Proposal 2: The number of WUS resources and the number of UE groups per WUS resource can be configured based on the paging probability.
· Number of WUS resources: N=1, 2, or 4
· Number of UE groups per WUS resource: G=1, 2, 4, 8, or 16
· Total number of UE groups: NxG<=16

For Rel16 WUS configuration:
Proposal 3: Consider narrowband selection for group WUS configuration.
Proposal 4: Support weighting factor configuration for UE distribution amongst the different WUS resources configured for a narrowband. 
Proposal 5: Each UE monitors up to 2 WUS sequences. 
[bookmark: _GoBack]Proposal 6: UE assumes transmit power for Rel16 WUS sequence is same as legacy WUS sequence.
Proposal 7: Max WUS duration for Rel16 WUS sequence is same as legacy WUS sequence.
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