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1. Introduction
In RAN1#98 meeting, we have the following agreements for UE-group NWUS: 
[bookmark: _Hlk525744129]Agreement
[bookmark: _Toc17459340]The maximum number of UE groups per WUS resource is 8. 

Agreement
The following WA is confirmed:
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 w_(group)(m’) = w(m’) exp(j2πgm/G)

Agreement
The specification supports configurability to enable UE group to alternate between WUS resources

Agreement
· [bookmark: _Toc17459345]Different WUS resources use different scrambling initialization, c_init

Agreement
A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs

R1-1909716	Remaining topics for UE-group wake-up signal in NB-IoT	Ericsson

[bookmark: _Toc17884984]Agreement
G = 132 and g = 14*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7

Working Assumption
The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS
[bookmark: _Toc17884986]
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)
· [bookmark: _Toc17884987]UE may assume the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.
· [bookmark: _Toc17884988]Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence

[bookmark: _Hlk510734227][bookmark: _Hlk525744498]In this contribution, we further discuss the remaining issues of UE-group NWUS.
2. Configurations of Group WUS
[bookmark: _Hlk8133370][bookmark: _Hlk8133432][bookmark: _Hlk7786305]2.1 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 NB-IoT carrier, as illustrated in Figure 1. 
[image: ]
Figure 1 1-to-N WUS mapping for group WUS
Therefore, we propose
Proposal 1: Configure the number of consecutive POs per WUS for Rel-16 WUS same as that of Rel-15 WUS. 


2.2 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 alternate between WUS resources

If there are M=2 WUS resources with index m=0,1 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 T
·  is the initial WUS resource index for the UE group
·  may be needed for the pattern randomization
· dependent on the SFN and DRX cycle T

For example, if no offset in above equation, a UE group with group allocated with m0=0 is to monitor a WUS sequence in WUS resource 0 at odd POs and a WUS sequence in WUS resource 1 at even POs with same group index. This mapping by alternating the 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: _Hlk20926929]For NB-IoT DRX UEs, the DRX cycle is cell-specific. However, in RAN#85, a new objective was added to introduce UE-specific DRX cycle to reduce paging latency. A related issue for WUS grouping is whether to allow UEs with different UE-specific DRX cycles to be grouped together. We think it is possible. 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 2:  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 3: The WUS sequence detected by the UE group is changed associated with the changed WUS resource.
3. Group WUS sequence
[bookmark: _Hlk16849521][bookmark: _Hlk536723891]	As we discussed in RAN1#98, we have agreed to use c_init of scrambling sequence for Rel-16 WUS sequence in different WUS resource. For NB-IoT, we only have up to 2 WUS resources, we only need 1bit in c_init to differentiate the scrambling sequence per WUS resource.
Proposal 4: Use 2nd MSB bit of scrambling initialization c_init to differentiate WUS sequences in two WUS resources.
For the common WUS sequence, we propose
Proposal 5: Confirm the WA:
· The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS.

4. Summary
[bookmark: _Hlk7695737]The proposals made in this contribution are summarized below.
[bookmark: _Hlk7695758]
For Rel16 WUS configuration:
Proposal 1: Configure the number of consecutive POs per WUS for Rel-16 WUS same as that of Rel-15 WUS. 
Proposal 2:  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 3: The WUS sequence detected by the UE group is changed associated with the changed WUS resource.

For group WUS sequence design:
Proposal 4: Use 2nd MSB bit of scrambling initialization c_init to differentiate WUS sequences in two WUS resources.
[bookmark: _GoBack]Proposal 5: Confirm the WA:
· The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS.
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