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1. Introduction

In RAN1#98 meeting, we have the following agreements for UE-group WUS: 
Agreement
Both options can be configured simultaneously to have up to 4 orthogonal WUS resources including legacy WUS resource
· Up to 2 orthogonal resources including legacy WUS resource may be configured in time domain
· Up to 2 orthogonal resources may be configured in frequency domain
Note: The two orthogonal resources do not necessarily include the legacy WUS resource

Agreement
The maximum number of UE groups per WUS resource is 8.

Agreement
Different WUS sequences are used in same/different WUS resources.

Working Assumption
To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is supported

Agreement
The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)
· UE assumes may assume 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
A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs.

Agreement
The specification supports configurability to enable UE group to be changed among WUS resources.
· FFS: Details including implicit/explict signalling

[bookmark: _Hlk525744129]In this contribution, we further discuss the remaining issues of UE-group MWUS.
2. [bookmark: _Hlk510734227][bookmark: _Hlk525744498]Multiplexing of WUS resources
Agreement
Both options can be configured simultaneously to have up to 4 orthogonal WUS resources including legacy WUS resource
· Up to 2 orthogonal resources including legacy WUS resource may be configured in time domain
· Up to 2 orthogonal resources may be configured in frequency domain
Note: The two orthogonal resources do not necessarily include the legacy WUS resource

We have agreed that maximum total number of WUS resources is no larger than 4 including the legacy WUS resource. However, the location of up to 4 WUS resources are still not clarified. It was discussed whether to support 3-FDMed WUS resources. Our concern is that it may require power boosting 3x (+4.7dB) to keep same WUS duration as legacy WUS only. We prefer 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. 
Therefore, we propose to use symmetric 2 contiguous WUS resources in TDM and FDM, including the legacy WUS resource. 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. The WUS resources associated with same PO and same gap should be consecutive to each other for 

Proposal 1: Up to 2 consecutive WUS resources including legacy WUS resource can be configured in TDM and/or FDM.
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Figure 1 Patterns for 4 WUS resources in time/freq

The location of non-legacy WUS resources is dependent on the legacy WUS configuration. As illustrated in Figure 1, if legacy WUS is in the top 2PRBs, the WUS1, the Pattern 1 should be used to make 4 WUS resources consecutive to each other in TDM/FDM. Similarly, the Pattern 3 is the one for compact 4 WUS resources if legacy WUS is in the bottom 2PRBs. However, if the legacy WUS is in the central 2PRB, there may be two options, i.e., Pattern 2-1 and Pattern 2-2.  For sake of simplicity, we can select only one of Pattern 2-1, 2-2 in this case. In this way, the configuration of the legacy WUS resource location can be used to implicitly indicate the location of Rel-16 group WUS resource patterns. The WUS resource index increases in frequency first and time second manner relative to the legacy WUS resource. For WUS0, WUS1, 2, and 3, we may need up to 4 entries to indicate the parameters per WUS resource, such as number of WUS groups, common WUS sequence configuration if different.	
If Rel-15 WUS is not enabled, we may directly use 2bits to indicate Pattern 1, 2-1, 2-2, and Pattern 3. 
Based on the above analysis, we propose
Proposal 2: For Rel-16 WUS resource configuration:
· If Rel-15 WUS is enabled, Pattern 1, Pattern 2-1 and Pattern 3 in Figure 1 are used if legacy WUS resource is in top, central and bottom 2PRBs, respectively.
· If Rel-15 WUS is not enabled, 2bits are used to select Pattern 1, Pattern 2-1, Pattern 2-2 or Pattern 3 in Figure 1.
RAN1 has already allowed the WUS configuration for eDRX short/long gaps may be different from that of DRX gap, which includes the number of WUS resources, number of UE groups per WUS resource, common WUS, etc. 
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.
But for the same gap, it is FFS whether the number of UE groups can be different for different WUS resources or not. It is dependent on the UE grouping. If a small number of UEs are configured to share with legacy WUS UEs, monitoring legacy WUS resource. Except for the legacy WUS resource, which is shared by Rel-15 WUS UEs and Rel-16 WUS UEs, same number of groups could be applied to all the non-legacy WUS resources. 
Proposal 3: The number of UE groups of the legacy WUS resource shared by Rel-15 and Rel-16 WUS sequences can be different from that of WUS resources with Rel-16 WUS sequences only. 

3. WUS sequence design
	As discussed in last meeting, there is concern on MTC WUS sequence mapping by using 2-PRB repeated NB-IoT WUS sequences. In [3], it was proposed to flip the sequence in the 2nd PRB mapping for further PAPR reduction. In Figure 2, we have compared the PAPR of WUS by using different RE mapping. Here, the WUS is transmitted within the system BW=5MHz (24PRBs) and 10MHz (48PRBs), respectively. The random 64QAM data is transmitted in the PRBs that are not used for WUS. 
· In case of 2-FDM WUS
· With no power boosting, 20RBs/44RBs are for random data in BW=5MHz/10MHz.
· With power boosting of 4.8dB, 12RBs/36RBs are for random data in BW=5MHz/10MHz.
· In case of 3-FDM WUS
· With no power boosting, 18RBs/42RBs are for random data in BW=5MHz/10MHz.
· With power boosting of 4.8dB, 6RBs/30RBs are for random data in BW=5MHz/10MHz.  
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	    (a) BW=5MHz, 2-FDM WUS sequences	        (b) BW=10MHz, 2-FDM WUS sequences
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	       (e) BW=5MHz, 3-FDM WUS sequences	         (f) BW=10MHz, 3-FDM WUS sequences
Figure 2 CCDF of PAPR for MWUS sequences in BW=5MHz or 10MHz
[bookmark: _Hlk16532463]	
Observation: By flipping the 2nd PRB of sequence for MTC WUS RE mapping, 
· In case of 2-FDMed WUS with max power boosting, the PAPR gain is marginal in 5MHz BW.
· In case of 3-FDMed WUS with max power boosting, the PAPR gain is less than 1dB in 5MHz BW.
· No PAPR gain is observed in 10MHz BW.

Based on the above observations, 
Proposal 4: Further consider whether to modify the MTC WUS RE mapping.
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	    (a) BW=5MHz, 2-FDM WUS sequences	        (b) BW=5MHz, 3-FDM WUS sequences
Figure 3 CCDF of PAPR for WUS sequences with different scrambling sequences

	As we discussed in RAN1#98, we have agreed to use different scrambling sequence of Rel-16 WUS sequence in different WUS resource. Figure 3 compares the two schemes of changing scrambling sequence per WUS resource: one is to change scrambling phase shift and the other is to change 2-bit MSB of scrambling initialization seed. The PAPR is close to each other for 2-FDM WUS sequences. The performance is almost the same, so we propose to confirm the previous working assumption.
Proposal 5: Confirm the WA with wording change to:
· To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is usedsupported.
4. Other configurations of UE-group WUS
[bookmark: _Hlk8133370]4.1 1-to-N WUS mapping
	According to the RAN1 agreements, the maximum duration, time offset for different gap types and transmit power for Rel-16 WUS are same as those in Rel-15 WUS if network configures Rel-15 WUS. It should be possible to configure Rel-15 WUS only, Rel-16 WUS only or both Rel-15 and Rel-16. When both Rel-15 and Rel-16 WUS are present then it should be possible to reuse one or more parameters from R15 WUS, so that the parameters for R15 legacy WUS can be re-used for R16 WUS resource configuration. 
	Besides maximum duration, power boost, time offset gap for DRX/eDRX, the parameter of numPOs is configured for Rel-15 WUS to enable eDRX UE monitoring one WUS, which is associated a group of consecutive POs for power saving. Similar parameter can be applied to Rel-16 WUS if configured. The eDRX UEs with paging belonging to the same group of POs can be divided into groups to monitor group WUS in different WUS resources with same gap on the same narrowband, as illustrated in Figure 4. 
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Figure 4 1-to-N WUS mapping for group WUS
Therefore, we propose
Proposal 6: Configure the number of consecutive POs per WUS for Rel-16 WUS same as that of Rel-15 WUS. 

[bookmark: _Hlk16532444][bookmark: _Hlk8133432][bookmark: _Hlk7786305]4.2 Alternating WUS groups among WUS resources 

In RAN1#98 meeting, we have the following agreement:
Agreement
The specification supports configurability to enable UE group to be changed among WUS resources.
· FFS: Details including implicit/explict signalling

If there are M (M=2, 3 or 4) WUS resources with index m=0,1,…(M-1) configured for Rel-16 WUS UEs associated with the same PO, the UE group(s) can be enabled to monitor the resource with predefined WUS resource index order, e.g., cyclic shift, in different POs. For example, it can be the m-th WUS resource with
 , 
where 
·  is the index of the PO within one DRX cycle
·  is the initial WUS resource index for the UE group
· [bookmark: _Hlk20925922] may be needed for the pattern randomization
· dependent on the SFN and DRX cycle 

For example, there are M=4 WUS resources for Rel-16 WUS. If no offset in above equation, a UE group with group allocated with m0=0 is to monitor WUS resource 0, 1, 2, 3 with cyclic shift at different POs.
For BL/CE IDLE UEs, cell-specific DRX cycle is broadcasted in SIB but UEs can be configured with UE-specific DRX cycle. We think it is possible to allow UEs with different UE-specific DRX cycles to be grouped together. The UE with smaller DRX cycles would wake up more frequently to detect WUS. When we enable alternating WUS group among different WUS resources, the DRX cycle for UE group alternating pattern should be based on the cell-specific DRX cycle, instead of UE-specific DRX. The UE in the same group associated with same PO and same gap should synchronize the alternating of monitored WUS resources. But, a UE with UE-specific DRX cycles may see multiple same patterns within a larger cell-specific DRX cycle. We may need to consider how to set offset considering cell-specific DRX cycle and UE-specific DRX cycle for pattern randomization. 

Proposal 7:  When designing the method to allow UE group to be changed among WUS resources, consider both cell-specific DRX cycle and UE-specific DRX cycle. 

Yet another discussion is whether, when a UE switches WUS resource, the sequence it monitors also changes. In our view, the WUS sequence detected by the UE group should be changed when the UE moves to monitor a separate WUS resource. In this way, the Rel-16 WUS sequence and Rel-15 legacy WUS sequence in the same resource are using same scrambling c_init but differentiated by phase shifts only.  
Proposal 8: The WUS sequence detected by the UE group is changed associated with the changed WUS resource.
5. Summary
The proposals made in this contribution are summarized below.
For group WUS multiplexing:
Proposal 1: Up to 2 consecutive WUS resources including legacy WUS resource can be configured in TDM and/or FDM.
Proposal 2: For Rel-16 WUS resource configuration:
· If Rel-15 WUS is enabled, Pattern 1, Pattern 2-1 and Pattern 3 in Figure 1 are used if legacy WUS resource is in top, central and bottom 2PRBs, respectively.
· If Rel-15 WUS is not enabled, 2bits are used to select Pattern 1, Pattern 2-1, Pattern 2-2 or Pattern 3 in Figure 1.
Proposal 3: At least the number of UE groups of the legacy WUS resource shared by Rel-15 and Rel-16 WUS sequences can be different from that of WUS resources with Rel-16 WUS sequences only. 
For group WUS sequence design:
Proposal 4: Further consider whether to modify the MTC WUS RE mapping.
Proposal 5: Confirm the WA with wording change to:
· To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is usedsupported.
For group WUS configuration:
Proposal 6: Configure the number of consecutive POs per WUS for Rel-16 WUS same as that of Rel-15 WUS. 
Proposal 7:  When designing the method to allow UE group to be changed among WUS resources, consider both cell-specific DRX cycle and UE-specific DRX cycle. 
Proposal 8: The WUS sequence detected by the UE group is changed associated with the changed WUS resource.
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