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1. Introduction

In RAN1#97 meeting, we have the following agreements for UE-group WUS: 
Agreement
Support the following options for WUS resource configuration
· Up to 2 orthogonal resources may be configured in time domain.
· Up to 2 orthogonal resources may be configured in frequency domain
· FFS: both options can be configured simultaneously to have up to 4 orthogonal WUS resources
Maximum total number of WUS resources is no larger than 4 including the legacy WUS resource

For further discussion
Different WUS sequences associated with the same PO are used for UE groups regardless of whether the UE groups are in the same or different WUS resources.

Working Assumption
· UE assumes the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
· Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence

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

[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
· Mapping pattern of WUS resources
· Group WUS sequence design 
· [bookmark: _Hlk16532518]Phase shifts for WUS sequences per WUS resource
· Scrambling codes for WUS sequences in different WUS resources
· Configuration of Rel16 WUS
· [bookmark: _Hlk7788663]Common WUS configuration
· 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.
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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:
· [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 are obtained 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: _Hlk16849449][bookmark: _Hlk7712419][bookmark: _Hlk16874461]Observation 2: Power saving gain increases with a larger number G of UE subgroups per WUS resource until G=8.
Observation 3: Power saving gain increases with a larger number N of WUS resources until (NxG)=16.
· 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%)

We have agreed that maximum total number of WUS resources is no larger than 4 including the legacy WUS resource. The patterns to multiplex max 4 WUS resources in time/freq domain are illustrated in Figure 4. Pattern A uses symmetric 2 contiguous WUS resources in TDM and FDM, including the legacy WUS resource, WUS0. If the legacy WUS0 is configured to be shared by Rel-15 WUS and Rel-16 WUS, up to 2 resources in both TDM and FDM are supported. Even if the legacy WUS0 is no shared, only one additional WUS resource in TDM and in FDM is allowed. 
If legacy WUS0 is not used for Rel-16 WUS, some company is considering 2 new WUS resources in addition to one legacy WUS0 in TDM or in FDM. As illustrated in Figure 4 (b) and (c), Pattern B is to have max 3 WUS resources in FDM and Pattern C is to allow max 3 WUS resources in TDM. However, the 3 TDMed WUS resources in Pattern C may lead to longer latency for some UEs with larger gap to the associated PO. The 3 FDMed WUS resources in Pattern B requires power boosting 3x (+4.7dB) to keep same WUS duration as legacy WUS only. It is preferred not to sacrifice the performance of legacy WUS UEs by configuring a weaker power level for power boosting the FDMed additional 1 or 2 WUS resources and legacy WUS resource [2]. If eNB limits the simultaneous transmission of FDMed WUS to avoid power boosting, it may lead to additional latency for paging. Relative to Pattern B and C, Pattern A is a better tradeoff.  
To address the concern on sharing legacy WUS0 by Rel-15 WUS and Rel-16 WUS, our observation is that it would not degrade the power performance of legacy UEs. For fair comparison, assuming same number of UEs in a PO, to configure Rel16 WUS with more WUS resources and more groups always help the power saving for both legacy UEs and new UEs, relative to using Rel-15 WUS only. It would be a waste to use legacy WUS resource for a few legacy UE only. Sharing the legacy WUS0 brings significant gain on average power saving per UE, although there may be some false wake-up of legacy UEs due to the shared new UEs’ paging. 
[image: ]
Figure 4 Patterns for 4 WUS resources in time/freq
Based on the above analysis, we propose
Proposal 1: Up to 2 orthogonal WUS resources per time and frequency can be configured 
· Pattern A in Figure 4 is used to multiplex up to 2 contiguous WUS resources in TDM and FDM, including legacy WUS resource.
Proposal 2: A maximum of 8 UE groups per WUS resource can be configured. 

3. Group WUS sequence design
	We have a working assumption that the WUS sequences in the same WUS resource are differentiated by phase shifts. To support max 8 UE groups, we need 9 sequences with different phases for 8 groups and a common WUS per WUS resource. For example, we use G=132 and phases with largest offset   between sequences as
· ,  with  and  as common WUS 
[bookmark: _Hlk16766315][bookmark: _Hlk16764831]We have compared the above phase setting with that of [2] assuming CFO=50Hz and different timing offset. Figure 5 shows the CDF of intra-cell cross correlation with 9 non-zero phase shift WUS sequences, as well as the cross correlation with legacy WUS with no phase shift. All the 9 Rel-16 WUS sequences and Rel-15 WUS sequence use same scrambling in same legacy WUS resource. As summarized in Table 4, the worst cross-correlation of proposed phase shifts is better than that of [2]
[bookmark: _Hlk16766401]Table 4 Worst cross-correlation of Intra-cell WUS with CFO=50Hz 
	Time offset (samples)
	0
	[-11,11]Ts 
	[-21,21]Ts 

	Phase shift: g=2+13GroupID [2]
	-76.9dB
	-19.4dB
	-17.0dB

	Phase shift: g=14(GroupID+1)
	-86.4dB
	-20.3dB
	-17.1dB


[image: ]
[bookmark: _Hlk16874902]Figure 5 Intra-cell cross correlation of UE-group WUS and legacy WUS
Proposal 3: Confirm the WA: 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)
[bookmark: _Hlk16874601]Proposal 4: 9 phase shifts are introduced to support a maximum 8 UE groups and 1 additional common WUS
· [bookmark: _Hlk16765431],  with  and  as the common WUS 

[bookmark: _Hlk16532463]	As we discussed in RAN1#97, repeating the same WUS sequence in FDM may lead to high PAPR: 
· E.g., 2-FDMed WUS with 4-PRB repetition results in 3dB higher PAPR than 1 WUS
· E.g., 3-FDMed WUS with 6-PRB repetition results in 4.7dB higher PAPR than 1 WUS
In Figure 6, we have compared two alternatives for PAPR reduction:
Alt1: use phase rotation with no spec impact 
· E.g., {1,-1} for 2 FDMed WUS sequences, {1,1,-1} for 3 FDMed WUS sequences
Alt2: change the WUS scrambling sequence
· E.g., hange the 2-bit MSB of the initialization seed c_init
Both Alt1 and Alt2 can effectively reduce the PAPR. In case of 2 FDMed WUS sequences, the difference between Alt1 and Alt2 is marginal, i.e., <0.2dB. In case of 3 FDMed WUS sequences (in Pattern B), Alt2 is 0.8dB better than Alt2.  
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Figure 6 CCDF of PAPR for multiplexing MWUS sequences in FDM
[bookmark: _Hlk16532444][bookmark: _Hlk16874631]In one WUS resource, poor cross correlation of the inter-cell WUS sequence pair may lead to large inter-cell interference and/or false wake-up. If we change the WUS sequences in different WUS resources, it is beneficial to improve the inter-cell interference randomization. For example, there are two WUS resources associated to the same PO. A UE is to monitor a WUS sequence in WUS resource 0 at odd POs and another WUS sequence in WUS resource 1 at even POs. In addition, this mapping by alternating the TDMed WUS resources monitored by a UE may reduce the negative impact of latency compared with always monitoring the WUS resource with larger gap relative to the associated PO.
[bookmark: _Hlk16874641]Based on the above observation, we make the following proposal:
[bookmark: _Hlk16532477][bookmark: _Hlk16685351]Proposal 5: Consider using different scrambling sequences (i.e., change c_init of scrambling) for group WUS sequences in different WUS resources associated with the same PO. 
4. Configuration of UE-group WUS
[bookmark: _Hlk8133335]4.1 Common WUS configuration
[bookmark: _Hlk16874787]The UE only monitors one WUS resource. Per WUS resource, there is only one sequence sent from eNB at one time, e.g., a UE group WUS or 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 alarm probability.
[bookmark: _Hlk8146976][bookmark: _Hlk8147439]We have investigated the potential power saving gain by using a common WUS for a subset of groups per WUS resource. The assumptions are as follows:
· All UEs are configured in the same WUS resource.
· There are 4 groups in the WUS resource.
· The paging probability per UE  is same as  
· The g-th UE group has  number of UEs and the total UE number is .
· If using service-based grouping, paging probability of a group may be different due to different number of UEs.
· The paging probability of group #1/#2 is same, which is X times that of UE group #3/#4. 

We have compared the power consumption for the following two cases in Figure 7A with X=1 (same paging probability), Figure 7B with X=1/4 (low paging probability for UE group #1/#2), and Figure 7C with X=1/9 (very low paging probability for UE group #1/#2).
· [bookmark: _Hlk16849578]Case 1: Rel16 WUS UEs with 2-sequence detection
· A group WUS is configured per group
· A common WUS0 is configured to wake up all 4 groups with 
· The total wake-up rate is ,  and false wake-up rate is 


· Case 2: Rel16 WUS UEs with 3-sequence detection [3]
· On top of Case 1, a common WUS1 is configured for group#1 and #2 only, and a common WUS2 is to wake up group#3 and #4 only, as proposed in [3]. 
· The total wake-up rate is ,  and false wake-up rate is 
 with for  and for .

Here,  is less than , since UEs in group#1 or #2 will not be waken up when common WUS2 is sent to wake up group #3 and #4, and UEs in group#3 or #4 will not be waken up when common WUS1 is sent to wake up group #1 and #2. However, the difference between Case 1 and Case 2 is marginal in terms of total wake-up rate. In Figure 7A, the slightly different false wake-up rate has no impact on the total wake-up rate.  In Figure 7B and 7C, there is no gain by adding a 3rd WUS sequence for UE group #3 and #4 with higher paging probability. For UE group #1 and #2 with lower paging probability, the total wake-up rate is much lower than that of UE#3 and #4 already. Compared with Case 1, Case 2 based on [3] only gets the gain of ~3% less total wake-up rate at the price of +50% higher complexity.
[bookmark: _Hlk8133501]  [image: ]
Figure 7A Wake-up probability when UE group has same paging rate
  [image: ] [image: ]
(1) UE group #1					(2) UE group #3
Figure 7B Wake-up probability when UE group#1/#2 with 1/4 low paging rate of UE group#3/#4
 [image: ] [image: ]
(1) UE group #1					(2) UE group #3
Figure 7C Wake-up probability when UE group#1/#2 with 1/9 low paging rate of UE group#3/#4

[bookmark: _Hlk16608823]Observation 4: The configuration of a common WUS for a subset of UE groups increases the UE complexity but achieves no gain for the UE group with higher paging rate and marginal gain for the UE group with lower paging rate.
Observation 5: Instead of introducing additional common WUS, the UEs with much lower paging probability could be configured with separate WUS resources to avoid the increase of false wake-up probability due to the other UEs with higher paging probability.

Proposal 6: Each UE monitors up to 2 WUS sequences. 
· [bookmark: _Hlk8133491]Configuration of a common WUS for a subset of UE groups is not supported.

[bookmark: _Hlk8133370]4.2 WUS configuration on narrowbands 
	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 7: Consider narrowband selection for group WUS configuration.

[bookmark: _Hlk8133405]4.3 Weighting factors amongst group WUS resources 
	Another aspect is how to load balancing amongst the different WUS resources. From the observation in [4], 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 8: Support weighting factor configuration for UE distribution amongst the different WUS resources configured for a narrowband. 
[bookmark: _Hlk8133432][bookmark: _Hlk7786305]
4.4 Power and max WUS duration 
Regarding the parameters for legacy WUS, the max duration for new WUS sequence and the transmit power, should be applied to Rel16 WUS sequence as well. 
[bookmark: _Hlk16530904]Proposal 9: Confirm the WA: 
· UE assumes the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
· Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence
5. Summary
The proposals made in this contribution are summarized below.
For group WUS multiplexing:
Proposal 1: Up to 2 orthogonal WUS resources per time and frequency can be configured 
· Pattern A in Figure 4 is used to multiplex up to 2 contiguous WUS resources in TDM and FDM, including legacy WUS resource.
[bookmark: _Hlk16874869]Proposal 2: A maximum of 8 UE groups per WUS resource can be configured. 

For group WUS sequence design:
Proposal 3: Confirm the WA: 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)
Proposal 4: 9 phase shifts are introduced to support a maximum 8 UE groups and 1 additional common WUS
· ,  with  and  as the common WUS 
Proposal 5: Consider using different scrambling sequences (i.e., change c_init of scrambling) for group WUS sequences in different WUS resources associated with the same PO. 

For group WUS configuration:
Proposal 6: Each UE monitors up to 2 WUS sequences. 
· Configuration of a common WUS for a subset of UE groups is not supported.
Proposal 7: Consider narrowband selection for group WUS configuration.
Proposal 8: Support weighting factor configuration for UE distribution amongst the different WUS resources configured for a narrowband. 
[bookmark: _GoBack]Proposal 9: Confirm the WA: 
· UE assumes the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
· Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence
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