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1. Introduction

In RAN1#97 meeting, we have the following agreements for UE-group NWUS: 
[bookmark: _Hlk525744129]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 contribution, we further discuss UE-group NWUS from the following aspects:
· Multiplexing of WUS 
· Load balancing of WUS resources
· Number of UE groups
· Group WUS sequence design
· Phase shifts for WUS sequences per WUS resource
· Scrambling codes for WUS sequences in different WUS resources
· Configuration of UE grouping
· [bookmark: _Hlk16769067]Common WUS configuration
· Paging carriers for Rel16 WUS 
· [bookmark: _Hlk7788693]Weighting factors for WUS resources
· Other parameters
2. [bookmark: _Hlk510734227][bookmark: _Hlk525744498]Multiplexing of WUS
[bookmark: _Hlk521586193][bookmark: _Hlk528917065]In Release 15, WUS does not support UE grouping and all UEs that support WUS will use legacy WUS. As population of UEs supporting WUS grouping increases, resources for new WUS supporting UE grouping becomes over utilised relative to that of legacy WUS resource. To mitigate this, it is desirable for some UEs supporting grouping to be grouped together with legacy UEs and share resources allocated for legacy WUS. 
Considering the ratio of legacy UEs, we first divide all the UEs supporting WUS grouping belong to one of two groups G1 and G2, monitoring one of two TDMed WUS resources respectively, as illustrated in Figure 1. 
[bookmark: _Hlk528917710][image: ]
Figure 1 Up to 2 WUS resources for legacy and UE-group WUS
· New UE in G1 (new UE1), who monitor the legacy WUS resource same with legacy UEs, can be further divided into G1 subgroups. Legacy UEs detect legacy WUS only, unaware of UE-group WUS. New UE1 will detect G1 common WUS (legacy WUS) and G1 UE-group WUS.
· G1 common WUS (legacy WUS) is sent when at least one legacy UE or more than one G1 subgroup needs to be paged.
· G1 UE-group WUS is sent when only new UE1 from one subgroup needs to be paged.
· New UE in G2 (new UE2), who are allocated WUS time/freq resources TDMed with that of legacy WUS resource, can be further divided into G2 subgroups. New UE2 will detect G2 common WUS and G2 UE-group WUS.
· G2 common WUS is sent when more than one G2 subgroup needs to be paged.
· G2 UE-group WUS is sent when only new UE2 from one subgroup needs to be paged.
[bookmark: _Hlk528933270]
A legacy UE will wake up if successfully detect legacy WUS, or if falsely detect a legacy sequence with probability of . A new UE1 will wake up if successfully detect its G1 UE-group WUS, G1 common WUS (legacy WUS), or if false detection of any of 2 new sequences with probability of . Similarly, a new UE2 will wake up if successfully detects its G2 UE-group WUS or G2 common WUS or if falsely detect any of 2 sequences with probability of . Table 1 summarizes the distribution of legacy UE0, new UE1 and new UE2, as well as the detection probability and false alarm probability for the following cases. 
· Case1: N=1 WUS resource is legacy WUS resource shared by legacy UE0 and all new UEs (X=0)
· Case 2: N=2 WUS resources include legacy WUS resource not sharing for with new UEs (X=1)
· Case 3: N=2 WUS resources include legacy WUS resource shared by legacy UE0 and new UE1 (0<X<1 with total X UEs in G1)
[bookmark: _Hlk528933211]Table 1 Detection/false alarm probability of legacy UE0/new UE1/new UE2
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	New UE1 
	New UE2
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	0

	Case 2
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[bookmark: _Hlk528918111]
[bookmark: _Hlk528933193]The probabilities of WUS to be detected by legacy UE0, new UE1 and new UE2 are



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 ). Note that we count the false wake-up of new UE1 if only legacy UEs have paging, e.g.,  in the calculation of , since we assume legacy WUS as the common WUS.
[bookmark: _Hlk4751208]In case of X%=100%, it is single-sequence CDM only and all the new UEs are in G1 and will use legacy WUS as its common WUS; in case of X%=0%, new UEs will not monitor legacy WUS but only monitor new WUS in time resources TDMed with legacy WUS. The WUS for new UEs are multiplexed by single-sequence CDM only. If the legacy UE ratio  is larger than X%, all the new UEs are in G2 group, i.e., , only detecting new WUS instead of legacy WUS. Legacy UEs will not be waken up if there is paging for new UEs only.
The legacy UE0’s average power is , which may be increased if there is new UE1 in G1. While, the new UE1’s average power is , which would be higher than that of new UE2, i.e., . This is because of the impact of legacy UE0 in .  is the scaling factor for WUS maximum duration relative to Rmax. Assuming total paging probability per PO of,  , , , 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, and new UE2, as .

In Figure 2, we change the ratio X to balance the UEs in G1 and G2. By using UE grouping, the UEs’ power can be reduced significantly especially if there are less legacy UEs. Case 1 with N=1 WUS resource has worse performance than Case 3 with N=2 WUS resource. If Case 2 with X=0, all the new UEs are in G2 and separated from legacy UEs (TDM only), which costs higher average power when ratio of legacy UEs is less than 20%. Relatively, the use of X%=50% (TDM+CDM) for Case 3 achieves best performance by equally balancing G1 and G2 group. 
[image: ] [image: ]
(a) p=0.1					(b) p=0.2
Figure 2 Average power consumption per UE with G1=G2=2
Observation 1: Case 3 with load balancing amongst two WUS resources can significantly improve power saving by up to 13~22% than Case 1 and Case 2 for low paging p=0.1~0.2 and up to 44~59% relative to no UE grouping.

[bookmark: _Hlk7694152]Figure 3 investigates the performance by using different number G of subgroups per WUS resource with different paging probability. Assuming there are N=1 or 2 WUS resources, one of WUS resources coincides with the legacy WUS resource shared by legacy UEs and new UE1. 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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(c) 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

Table 2a 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 2 WUS resources if configured.
[bookmark: _Hlk528933812] Table 2a 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=2
	2G=4
	2G=8
	2G=16
	2G=32

	Gain of N=2 WUS resources
	+28%
	+37%
	+44%
	+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=2
	2G=4
	2G=8
	2G=16
	2G=32

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


(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=2
	2G=4
	2G=8
	2G=16
	2G=32

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



Table 2b 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 or 2 WUS resources.  Here we assume the common WUS for new UE1 is the legacy WUS in G1 and another common WUS for new UE2 is a non-legacy WUS in G2. 
Table 2b 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=2
	2G=4
	2G=8
	2G=16
	2G=32

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


(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=2
	2G=4
	2G=8
	2G=16
	2G=32

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


(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=2
	2G=4
	2G=8
	2G=16
	2G=32

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



[bookmark: _Hlk16849449]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.
· [bookmark: _Hlk7783870]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.
· p=0.1: N=1 +46%  N=2 +48% (+2%)
· p=0.2: N=1 +58%  N=2 +62% (+4%)
· p=0.5: N=1 +56%  N=2 +73% (+17%)
· In case of 25% legacy UEs, N=2 is always better than N=1 and larger gain especially for p=0.5.
· p=0.1: N=1 +35%  N=2 +43% (+8%)
· p=0.2: N=1 +44%  N=2 +56% (+12%)
· p=0.5: N=1 +43%  N=2 +64% (+21%)
Based on the above analysis, we propose
Proposal 1: A maximum of 8 UE groups per WUS resource can be configured. 
3. Group WUS sequence
[bookmark: _Hlk16849521][bookmark: _Hlk536723891][bookmark: _Hlk16690553][bookmark: _Hlk16764686]	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 per WUS resource. For example, we use G=132 and phases with largest offset   between sequences as
· [bookmark: _Hlk16765443],  with  and  as common WUS 
We have compared the above phase setting with that of [2] assuming CFO=50Hz and different timing offset. Figure 4 shows the CDF of intra-cell cross correlation with group ID 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 shown in Table 3, the worst cross-correlation of proposed phase shifts is better than that of [2]
[bookmark: _Hlk16766376]Table 3 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: ]
Figure 4 Intra-cell cross correlation of UE-group WUS and legacy WUS
Proposal 2: 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: _Hlk16531870]Proposal 3: 9 phase shifts are introduced to support a maximum 8 UE groups and 1 additional common WUS
· ,  with  and  as the common WUS 

[bookmark: _Hlk16532444]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.
Based on the above observation, we make the following proposal:
Proposal 4: 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 Rel16 WUS
[bookmark: _Hlk8133335][bookmark: _Hlk4690244]4.1 Common WUS configuration

[bookmark: _Hlk8146976][bookmark: _Hlk8147439]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.
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 5A with X=1 (same paging probability), Figure 5B with X=1/4 (low paging probability for UE group #1/#2), and Figure 5C with X=1/9 (very low paging probability for UE group #1/#2).
· 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 .

[bookmark: _Hlk16770504][bookmark: _Hlk16770473]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 5A, the slightly different false wake-up rate has no impact on the total wake-up rate. In Figure 5B and 5C, 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: _Hlk7786232][bookmark: _Hlk8133501]  [image: ]
Figure 5A Wake-up probability when UE group has same paging rate
  [image: ] [image: ]
(1) UE group #1					(2) UE group #3
Figure 5B Wake-up probability when 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 5C 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 5: 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 non-anchor carrier 
[bookmark: _Hlk7785803]	In NB-IoT, there can be multiple carriers configured for paging. The eNB can distribute the paging for non-anchor carriers based on the UE ID and weighting factor for paging carriers as:
· floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(n) with W=W(0) + W(1) + … + W(n) 
The paging probability may be different per carrier, depending on the number of UEs per paging carrier. In Rel15 WUS configuration, WUS configuration is cell-specific. If Rel15 WUS is on, all the paging carriers are used for Rel15 WUS. However, for Rel16 WUS, the group WUS could be configured as cell-specific or carrier-specific considering different paging probability and the time/freq/power resources per carrier. 
	In addition, if carrier-specific on/off is supported for Rel16 WUS, it may be beneficial to change the way a Rel16 UE selects its paging carrier. For the UEs using group WUS, the number Nn of paging carriers is the number of carriers that support group WUS. 
	For example, there are carrier #0-5 for Rel-15 WUS UEs and Nn=6 for legacy UEs with
· floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(5) with W=W(0) + W(1) + … + W(5)
When there are less new UEs, only the limited number of carriers are used for new UEs, e.g., the carrier#0-2 are used to send UE-group WUS. Therefore, Nn=3 for new UEs with 
· floor(UE_ID/(N*Ns)) mod W’ < W(0) + W(1) + W(2) with W’=W(0) + W(1) + W(2)
It could be a possible way to change the relative ratio between legacy UEs and new UEs by carrier selection. 
Proposal 6: The group WUS configuration can be different for paging carriers.
· FFS carrier selection for group WUS.
	
[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 Sect. 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 non-anchor 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 carrier 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 7: Support weighting factor configuration for UE distribution amongst the different WUS resources configured for a carrier. 


[bookmark: _Hlk8133432]4.4 Power and max WUS duration 
[bookmark: _Hlk8218929]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. 
Proposal 8: 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
[bookmark: _Hlk7695737]The proposals made in this contribution are summarized below.
For WUS multiplexing:
[bookmark: _Hlk7695758]Proposal 1: A maximum of 8 UE groups per WUS resource can be configured. 

For group WUS sequence design:
Proposal 2: 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 3: 9 phase shifts are introduced to support a maximum 8 UE groups and 1 additional common WUS
· ,  with  and  as the common WUS 
Proposal 4: 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 Rel16 WUS configuration:
Proposal 5: Each UE monitors up to 2 WUS sequences. 
· Configuration of a common WUS for a subset of UE groups is not supported.
Proposal 6: The group WUS configuration can be different for paging carriers.
· FFS carrier selection for group WUS.
Proposal 7: Support weighting factor configuration for UE distribution amongst the different WUS resources configured for a carrier. 
Proposal 8: 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
[bookmark: _GoBack]
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