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1. Introduction

In RAN1#95 meeting, we have the following agreements for UE-group NWUS: 
[bookmark: _Hlk525744129]Agreement
UE group ID is used as a parameter to generate WUS UE group sequence(s)

Agreement
One group WUS is designed as a single sequence

[bookmark: _Toc529800363]Agreement 
Further study false detection (cross/auto correlation) performance properties for the following designs:
· [bookmark: _Toc529800364]legacy WUS + cover codes,
· [bookmark: _Toc529800365]legacy WUS + shifted scrambling codes,
· [bookmark: _Toc529800366]legacy WUS + phase shift + cover code + scrambling bits
· Including combinations of phase shift, cover code, and/or scrambling bits
[bookmark: _Toc529800367]Other designs are not precluded.

Agreement 
[bookmark: _Toc529800358]The number of UE groups is configurable and broadcasted in SIB.
· [bookmark: _Toc529800359]FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.

Agreement
Multiplexing of Rel-16 UE groups is down-selected among
· Single sequence CDM is supported
· Single sequence CDM is supported and TDM can be additionally applied
· FFS: Configurability of CDM and/or TDM

[bookmark: _Toc529800342]Agreement
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 support waking up a subset of all WUS UE groups
[bookmark: _Toc529980151]
Agreement
For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options
· [bookmark: _Toc529980152]TDM
· [bookmark: _Toc529980154]single-seq. CDM
· [bookmark: _Toc529980155]single-seq. CDM+TDM
[bookmark: _Toc529980156]FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.

[bookmark: _Toc529980160]Agreement
Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.
· No new gap higher layer signaling will be introduced for TDM

In this contribution, we further discuss UE-group NWUS from the following aspects:
· TDM and/or single-sequence CDM for UE-group NWUS multiplexing
· UE-grouping
· Configuration of UE-group ID
· UE-group NWUS sequence

2. [bookmark: _Hlk510734164][bookmark: _Hlk525744151]TDM and/or single-sequence CDM for UE-group NWUS multiplexing
[bookmark: _Hlk525744166][bookmark: _Hlk510734227]The candidates for NWUS multiplexing of UE-group NWUSs and legacy NWUS without UE grouping could be TDM/single-sequence CDM, as illustrated in Figure 1. The legacy NWUS without UE grouping is shown in Figure 1(a) as a reference, where the transmit power Ptx is only used on two PRBs.
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Figure 1 TDM/single-sequence CDM of UE-group NWUS
· [bookmark: _Hlk525744224]TDM 
[bookmark: _Hlk521586684]By using TDM manner in Figure 1(b), same transmit power, Ptx, is used for each NWUS for legacy UEs and that of group UEs. The NWUS monitored by legacy UEs is not impacted by NWUS UE grouping in different TDM resources. The UE-group NWUS is configured by using different starting subframes, separated by the max NWUS duration, L. The total reserved time required for TDMed NWUS is G*L. There is no power sharing of different NWUS. But smaller G and/or shorter duration of L may be needed to limit the overhead and delay. 
· Single-sequence CDM
In Figure 1(c), single-sequence CDM does not allow to transmit more than one NWUS simultaneously. The legacy NWUS acts as a common NWUS to be sent when legacy UE or any new UEs in more than one group have paging in the associated PO. The UE-group NWUS (i.e., not the common one) will only be selected if there is paging for a single group. Single-sequence CDM has no issue of power sharing or additional overhead/latency. However, the main issue is that it sacrifices the power saving gain. The legacy WUS will wake up all UEs even if only 1% legacy UEs in the system. The paging of new UEs also give negative impact on the legacy UE power saving as well. It is contradictory to the motivation of introducing UE-group NWUS. Therefore, single-sequence CDM is worse than TDM, FDM or multi-sequence CDM from the power saving perspective.
· TDM and single-sequence CDM
In Figure 1(d), the new UEs may be divided into two groups, configured with orthogonal TDMed resources. If further subgrouping is applied, the single-sequence CDM could be used for different WUS sequences of each group. Partial new UEs UEs together with legacy UE will use the resources for legacy NWUS, which acts as a common NWUS, which will be sent when legacy UE or any new UEs in more than one subgroup have paging in the associated PO. The remaining new UEs configured with resources different from that of legacy WUS have no impact on legacy UEs and vice versa.
TDM and/or single-sequence CDM have no issue of power sharing. TDM can be used to reduce impact on legacy UEs. Single-sequence CDM is beneficial to save overhead but sacrifices power saving gain. We can combine TDM and single-sequence CDM for multiplexing legacy and UE group NWUS to trade off the power saving, overhead/latency and negative impact on legacy UEs. In Sect. 3, we consider TDM and single-sequence CDM for multiplexing legacy and UE-group NWUS with more detailed analysis and comparison.
3. [bookmark: _Hlk525744498]UE grouping
[bookmark: _Hlk521586193]In last RAN1 meeting, the UE grouping was discussed, and we have following agreement:
Agreement
Group WUS is based on at least legacy WUS and UE-group ID.
In addition, the common sense is that the UEs belong to one PO could be separated into a group of UEs using WUS with same gap configuration. In Rel15, there are DRX gap, eDRX short gap and optionally eDRX long gap. The UEs are already use gag-specific WUS and for UEs with same gap, subgrouping could be applied to further improve the power saving gain. 
[bookmark: _Hlk528917065][bookmark: _Hlk521312265]Besides the UE ID, the percentage of legacy UEs need to be considered. In Release 15, WUS does not support UE grouping and all UEs that support WUS without UE grouping 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. 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. We could let eNB balance the number of UEs within each group, e.g., in a manner similar to that developed in Rel-14 for paging in non-anchor carriers. For example, in case of 2 groups, 1/2 UEs are legacy UEs using legacy WUS as the 1st group and the other 1/2 UEs are new UEs using 2nd group WUS. If only 1/4 UEs are legacy, we can group legacy and 1/4 UEs of new UEs as the 1st group and the other 1/2 UEs of new UEs as the 2nd group. This approach provides a deterministic method to distribute UEs amongst the two WUS channels and groups. More comparison is given below based on power consumption evaluation.
Considering the ratio of legacy UEs, we firstly divide all the new UEs are belong to one of two groups G1 and G2, as illustrated in Figure 2. 
[bookmark: _Hlk528917710][image: ]
Figure 2 TDM/single-sequence CDM multiplexing of legacy and UE-group NWUS
· New UE mapped to G1 (new UE1), who are allocated WUS time/freq resources same with that of 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 mapped to G2 (new UE2), who are allocated WUS time/freq resources TDMed with that of legacy WUS, 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 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 sequences with probability of . Similarly, a new UE2 will wake up if successfully detect its G2 UE-group WUS or G2 common WUS or if falsely detect any of 2 sequences with probability of . Table 1 summarizes the ratio of legacy UE0, new UE1 and new UE2, as well as the detection probability and false alarm probability. 
[bookmark: _Hlk528933211]Table 1 Detection/false alarm probability of legacy UE0/new UE1/new UE2
	
	Legacy UE0
	New UE1 
	New UE2

	UE ratio
	
	
with total X% UEs in G1
	

	X%=1 all new and legacy UEs in G1 
	
	
	0

	X%=0 no new UEs in G1 and all new UEs in G2 
	
	0
	

	Detection prob
	
	
	

	False alarm
	
	
	


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



where  is the paging probability per UE and total paging probability is   . The UE ratio  , , and  with . 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 of or 0.2,  , , , 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 .
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(a) p=0.1					(b) p=0.2
Figure 3 Average power consumption per UE with G1=G2=2
In Figure 3, 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. If X%=100%, all the new and legacy UEs are in G1 ( single-sequence CDM only), which has worse performance than X<1. If 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%. If 0<X%<100%, it uses TDM+single-sequence CDM for mutiplexing. 
Relatively, the use of X%=50% (TDM+single-sequence CDM) achieves best performance by equally balancing G1 and G2 group. In Figure 3(a), we assume paging probability p=0.1 and G1=G2=2, X%=50% can reduce power consumption by up to 44% relative to no grouping, and up to 13% better than that of X=100% or X=0%. In Figure 3(b), we assume paging probability p=0.2 and G1=G2=2, X=50% has gain of up to 59% relative to no grouping, and up to 22% better than that of X=100% or X=0%.
Observation 1: TDM and single-sequence CDM can improve power saving by up to 13~22% than single-sequence CDM only for low paging p=0.1~0.2 and up to 44~59% relative to no UE grouping
[image: ] [image: ]
(a) p=0.1					(b) p=0.2
Figure 4 Impact on legacy UE power consumption
Figure 4 compares the impact on power consumption of legacy UEs when using different X. When X=0% (TDM only), only legacy UEs are using legacy WUS. There is no new UE1 and no impact on legacy UEs. In case of X=100% (single-carrier CDM only), all new UEs together with legacy UE0 all use legacy WUS as common WUS, higher impact on legacy UEs. However, as shown in Figure 4(a), the negative impact on legacy UEs is marginal if paging probability is 0.1. For p=0.2 in Figure 4(b), the power cost of X=100% (single-sequence CDM only) is increased ~22% relative to X=0% (TDM only), but only less than 6% if X=50% (TDM+single-sequence CDM). 
Observation 2: The impact on legacy UEs is marginal by grouping partial new UEs together to use legacy WUS as a common WUS.
[image: ] [image: ]
(a) p=0.1					(b) p=0.2
Figure 5 Average power consumption per UE with different G1 and G2
Figure 5 investigates the performance by using different number of subgroups, i.e., G1 and G2, assuming G1=G2 for simplicity. Here, X=50% (TDM+single-sequence CDM) is assumed to best balance the UEs in G1 and G2 groups. The power saving gain is saturated easily as G1 and G2 increases, especially for larger ratio of legacy UEs. In case of paging probability p=0.1, G1=G2=4 seem sufficient for R0<=50% and G1=G2=2 for 50%<R0<100%. In case of paging probability p=0.2, G1=G2=6 is enough for R0<=50%, G1=G2=4 for 50%<R0<=75% and G1=G2=2 for 50%<R0<100%. No UE grouping when R0=100%.
Observation 3: The subgrouping of new UEs per group can further improve power saving gain, but get saturated for large G1, G2 in a faster way for large legacy UE ratio and smaller paging probability. 
[bookmark: _Hlk528933812]Based on the above analysis, we propose
Proposal 1: Use TDM and single-sequence CDM for multiplexing legacy and UE-group NWUS.
· Divide new UEs into G1 and G2 groups with TDMed WUS resources.
· New UEs in G1 group together are further divided into G1 subgroups and monitor legacy WUS and a UE-group WUS multiplexed by single-sequence CDM.
· New UEs in G2 group are further divided into G2 subgroups and monitor a G2 common WUS and a UE-group WUS multiplexed by single-sequence CDM.
Proposal 2: UE grouping should consider the ratio of legacy UEs.
4. Configuration of UE-group ID
Key parameters for UE-group ID include:

· UE ID
We have already agreed that UE grouping is based on at least UE ID or some function of UE ID. 
· Ratio of legacy UEs
As discussed in Sect. 3, the ratio of legacy UEs has impact on the UE grouping. The new UEs are divided into G1 and G2 groups. The UEs belong to G1 will use the legacy WUS as common WUS. The UE group ID for new UEs in G1 and new UEs in G2 groups should be separate. 
· Number of subgroups, G1 and G2
Within each G1 and G2 groups, the subgrouping can further improve the power saving. But always use large G1 and G2 is not necessary, especially if there are less new UEs for subgrouping.  The G1 and G2 can be configured based on legacy UE ratio, paging probability, etc. 
Proposal 3: Further consider UE ID, ratio of legacy UEs, subgroup numbers of G1 and G2 for UE group ID configuration. 
5. UE-group NWUS sequence
[bookmark: _Hlk536723891]In previous RAN1 meeting, we have following agreements for UE-group WUS sequence design:
Agreement
UE group ID is used as a parameter to generate WUS UE group sequence(s).
One group WUS is designed as a single sequence.
Further study false detection (cross/auto correlation) performance properties for the following designs:
· legacy WUS + cover codes,
· legacy WUS + shifted scrambling codes,
· legacy WUS + phase shift + cover code + scrambling bits
· Including combinations of phase shift, cover code, and/or scrambling bits
Other designs are not precluded.

[bookmark: _GoBack]Assuming  is the legacy WUS sequence with no UE grouping,  is the number of UE groups,  is the UE group ID, we have compared the following alternatives for UE-group WUS sequence design:
· OCC [2]
· , 
·  is the RE-level OCC cover codes with  with 
· f: subcarrier index per symbol, f=0, …11 
·  symbol index per a subframe for WUS, s=0, …10.
· Gold sequence cover code
· , 
·  is 127-length binary Gold sequence defined as   with 
·  using [0000001] as initialization values
·   using [0000001] as initialization values
· 
· Phase shift 
· 
· Scrambling phase shift [3]
· , 
·   is the scrambling sequence for WUS with .
· Scrambling initialization seed
· Use 2-bit MSB of initialization seed of scrambling sequence as

The CDF of intra-cell cross-correlation of UE-group WUS is given in Figure 6a. The maximum cross-correlation peak within the assumed timing drift window, e.g., [-11,11] samples, [-29,29] samples, and [-135,135] samples at 1.92 MHz sampling rate, respectively. The cross-correlation is the correlation of different UE-group WUS sequences as well as UE-group WUS vs. legacy WUS sequences. Except by using OCC or Gold cover codes to carry UE group ID, legacy WUS is a special UE-group WUS sequence when UE group ID is 0. The worst cross-correlation of each WUS sequence design is compared in Table 1a. As timing drift is getting larger, the phase-shift-based scheme shows degraded cross-correlation due to the presence of ambiguity. The OCC and Gold-cover schemes have very similar performance. If the timing error is small, e.g., 11samples, the OCC and Gold-cover-based sequence could bring 0.5~1.8dB gain over Scrambling phase-based WUS sequences. The Scrambling phase-based scheme is about 1dB better than Scrambling initialization one.
However, if we further look at the CDF of inter-cell case in Figure 6b, where we show the case with no timing drift and timing drift window of [-11,11] samples respectively, we take all the correlation of the UE-group WUS as well as legacy WUS in different cells. We can see that all the schemes perform similarly and their worst cross-correlation, compared in Table 1b, is also close to each other. Relative to that of intra-cell case, inter-cell correlation is generally worse, which would have more impact on WUS detection performance. 

Observation4:
· For intra-cell case, 
· UE group WUS based on Scrambling phase is better than that of changing scrambling initialization seed. 
· UE group WUS based on additional cover codes, such as OCC or Gold cover codes, has 0.5~1.8dB gain on worst cross correlation than Scrambling phase scheme if timing drift is small, but gets close to each other for large timing drift. 
· Phase-based UE group WUS shows degraded cross-correlation due to the presence of ambiguity in case of large timing error. 
· For inter-cell case, 
· Difference among alternatives is marginal. 
· The inter-cell cross-correlation is worse than that of intra-cell case, more impact on WUS detection performance.
· 
[image: ] [image: ]
(a) Timing offset=11 and 29 samples		(b) Timing offset=135samples
Figure 6a Intra-cell cross correlation of UE-group WUS and legacy WUS
[image: ] [image: ]
(a) No timing error			(b) Timing offset=11samples
Figure 6b Inter-cell cross correlation of UE-group WUS and legacy WUS
Table 1a Worst cross-correlation of Intra-cell UE-group WUS and legacy WUS
	Time offset
	Ideal
	[-11,11] samples
	[-29,29] 
	[-135,135] 

	OCC 
	dB
	-12.8dB
	-11.2dB
	-10.6dB

	Gold cover
	-17.3dB
	-12.6dB
	-11.5dB
	-10.8dB

	Phase shift
	dB
	-15.4dB
	-1.7dB
	-0.7dB

	Scrambling phase
	-12.0dB
	-11.0dB
	-10.9dB
	-10.7dB

	Scrambling initialization
	-9.8dB
	-9.8dB
	-9.8dB
	-9.8dB


Table 1b Worst cross-correlation of Inter-cell UE-group WUS and legacy WUS
	Time offset
	Ideal
	[-11,11] samples

	Legacy
	-10.5dB
	-10.1

	OCC 
	-9.4dB
	-9.3dB

	Gold cover
	-10.0dB
	-9.3dB

	Phase shift
	-10.2dB
	-9.2dB

	Scrambling phase
	-9.6dB
	-9.3B

	Scrambling initialization
	-9.5dB
	-8.6dB



The new WUS sequence also needs to consider the potential impact on legacy sync signals, such as NSSS. In Figure 7, we further comparing the CDF of cross-correlation for new WUS sequence vs. legacy NSSS. Table 3 summarizes the worst cross-correlation of intra-cell case. We can see that scrambling phase-based and Gold cover-based WUS are mostly close to the performance of legacy WUS, better than OCC-based WUS.
Table 3 Worst cross-correlation of Intra-cell UE-group WUS and NSSS
	Time offset
	Ideal
	[-11,11] samples
	[-29,29] 
	[-135,135] 

	Legacy WUS
	-12.9dB
	-12.3dB
	-11.5dB
	-11.4dB

	OCC 
	-12.0dB
	-10.9dB
	-10.8dB
	-10.4dB

	Gold cover
	-12.5dB
	-11.6dB
	-11.5dB
	-11.4dB

	Scrambling phase
	-12.9dB
	-12.2dB
	-11.4dB
	-11.3dB


[image: ]
Figure 7 Intra-cell cross correlation of UE-group WUS and NSSS
Observation5:
· For intra-cell correlation of UE-group WUS and NSSS, 
· Scrambling phase-based and Gold cover-based WUS performs close to legacy WUS, better than the other schemes. 

Proposal 4: Further narrow down following candidates for UE-group WUS sequence.
· legacy WUS + Gold cover codes
· legacy WUS + phase shifted scrambling codes

6. Summary
Based on evaluation and comparison of power consumption by using TDM and single-sequence CDM:
Observation 1: TDM and single-sequence CDM can improve power saving by up to 13~22% than single-sequence CDM only for low paging p=0.1~0.2 and up to 44~59% relative to no UE grouping
Observation 2: The impact on legacy UEs is marginal by grouping partial new UEs together to use legacy WUS as a common WUS.
Observation 3: The subgrouping of new UEs per group can further improve power saving gain, but get saturated for large G1, G2 in a faster way for large legacy UE ratio and smaller paging probability. 
The proposals made in this contribution are summarized below.
[bookmark: _Hlk528933669]Proposal 1: Use TDM and single-sequence CDM for multiplexing legacy and UE-group NWUS.
· Divide new UEs into G1 and G2 groups with TDMed WUS resources.
· New UEs in G1 group together are further divided into G1 subgroups and monitor legacy WUS and a UE-group WUS multiplexed by single-sequence CDM.
· New UEs in G2 group are further divided into G2 subgroups and monitor a G2 common WUS and a UE-group WUS multiplexed by single-sequence CDM.
Proposal 2: UE grouping should consider the ratio of legacy UEs.
Proposal 3: Further consider UE ID, ratio of legacy UEs, subgroup numbers of G1 and G2 for UE group ID configuration. 
For UE-group WUS sequence design:
Observation4:
· For intra-cell case, 
· UE group WUS based on Scrambling phase is better than that of changing scrambling initialization seed. 
· UE group WUS based on additional cover codes, such as OCC or Gold cover codes, has 0.5~1.8dB gain on worst cross correlation than Scrambling phase scheme if timing drift is small, but gets close to each other for large timing drift. 
· Phase-based UE group WUS shows degraded cross-correlation due to the presence of ambiguity in case of large timing error. 
· For inter-cell case, 
· Difference among alternatives is marginal. 
· The inter-cell cross-correlation is worse than that of intra-cell case, more impact on WUS detection performance.
Observation5:
· For intra-cell correlation of UE-group WUS and NSSS, 
· Scrambling phase-based and Gold cover-based WUS performs close to legacy WUS, better than the other schemes. 
Proposal 4: Further narrow down following candidates for UE-group WUS sequence.
· legacy WUS + Gold cover codes
· legacy WUS + phase shifted scrambling codes
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