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In Rel-15, a wake-up signal (WUS) is associated with a PO or N POs (in eDRX) for the same group of UEs. When detected, WUS wakes up all UEs monitoring the same PO.
	RAN2#101 agreements
· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.
· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.
· Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.
RAN2#101bis agreements
· If UE detects WUS the UE shall monitor the following N PO(s) (N≥1), unless paged.



For Rel-16, with an objective to improved UE power consumption, we may further divide these UEs into subgroups.
	Improved DL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk515907437]Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]



Moreover, RAN1 made the following agreements in August meeting (RAN1#94):
	Agreement
UE-group WUSs are only multiplexed in the same NB as associated PO
· FFS TDM/FDM/CDM for UE-group MWUS multiplexing
Agreement
· UE-group MWUS is supported based on eNB’s and UE’s capability.
· Whether the network supports UE-group MWUS is done by higher layer signalling.
· FFS: The number of UE groups is configured by SIB.
· Note that the UE-group MWUS is UE optional
Agreement
Rel-16 UE-group MWUS sequence should consider at least
· Fallback to legacy UE behavior
· Inter-cell interference randomization
· UE group ID for different UE-group MWUS
· Reuse of Rel-15 sequences is not precluded
· Effect of sequence detection on UE complexity



In this paper, we further discuss the RAN2 details for supporting UE group WUS.
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UE grouping and power efficiency concerns
A WUS is to be monitored by a group of UEs. The way UEs are grouped affects the power efficiency. For example, consider one paging configuration in the field shown as follows:
· Paging cycle T = 256
· nB = T/8 = 256/8 = 32
· N = min(T, nB) = 32
· Ns = max(1, nB/T) = 1 
By this configuration, a paging cycle is 2560 ms, and there are 32 PFs in a paging cycle and 1 PO in a PF. The interval between two POs is 80ms. If one paging carrier is configured in the network, the total number of PO in a paging cycle is 32. Assuming there are 100,000 UEs in the tracking area with uniformly random UE_IDs, in average there is 100,000/32 = 3125 UEs associated with each PO. Once a UE in the PO has been paged, all other UEs in the same PO need to decode the paging PDCCH. To lower the probability of unnecessary wake-ups, the network may consider allocating denser POs so as to reduce the number of UEs associated with each PO. However, the interval between POs should be large enough to accommodate the possible repetition of NPDCCH, NPDSCH for paging and the WUS, therefore the PO might be configured in a sparse way. The gap between WUS and associated NPDCCH also needs to be taken into account.
Observation 1:	The maximum number of POs and corresponding UE groups for paging need to allow repetitions for WUS and associated NPDCCH and NPDSCH. The gap between WUS and associated NPDCCH also needs to be taken into account.  
It is proposed that the UE-group for WUS reuse the same UE-group for paging (i.e., linked to UE_ID=IMSI mod 4096) as the baseline. This can be done in straightforward way with UE-group WUS re-using paging configuration for UE-group paging without any change to the legacy paging procedure. In this way, there can be a minimum of 1 UE group and a maximum of N*Ns*Nn UE groups linked to UEs sharing same UE_ID, where N=min(T, nB), Ns: max(1, nB/T), and Nn is the number of paging carriers.
Proposal 1:	Paging configuration with UE groups linked to UE_ID=IMSI mod 4096 and RRC DRX configuration is baseline for UE-group WUS.
Observation 2:	If UE-group for paging is reused for WUS, there can be a minimum of 1 UE group and a maximum N*Ns*Nn UE groups linked to UEs sharing same UE_ID, where N=min(T,nB), Ns= max(1,nB/T), and Nn is the number of paging carriers. 
Enhancement via UE sub-grouping
As addressed in the previous section, a UE may need to wake up and detect NPDCCH if another UE in the same UE-group for paging is paged following detection of associated WUS. If these UEs (in the same PO) can be further sub-divided into different UE groups that are associated to different WUS signals, the probability of unnecessarily waking up a UE can be reduced. Considering again the example given in previous section, with 5 WUS signals associated to a PO, in average 625 UEs are associated to the same WUS, i.e. a fivefold reduction in unnecessary wake probability. Such a finer granularity for WUS UE grouping compared to paging grouping is desirable since it allows further power consumption reduction. 
A number of UE-group WUS solutions that can be supported via RRC configuration without any change to physical layer are considered below with some proposals:
Solution 1: UE-group WUS within Paging Occasion
UE-group WUS can be further done within a PO. For example, similar mechanism to PF, PO determination can be applied to determine WUS group. Assume that there are Nw WUS signals allocated in a PO, the UEs associated in the PO can be further divided into Nw WUS groups, and each group associates to a WUS by the following operation: 
i_w = floor(UE_ID/(N*Ns*Nn)) mod Nw.
Thus, only the UEs in a PO that are associated to the same WUS signal need to wake up whenever any of the UE in the same WUS group has been paged. The number of UE subgroups shall be configured together with other WUS-related parameters (e.g., WUS time offset) in WUS-Config-NB, which is included in RadioResourceConfigCommonSIB-NB in SIB2-NB.
Proposal 2:	UE-group WUS is supported within a PO to reduce power consumption.
Proposal 3:	The number of UE subgroups shall be configured together with other WUS-related parameters in WUS-Config-NB.
Solution 2: Dropping paging message in PF/PO
Finer UE grouping granularity within PO can reduce power consumption. For further power efficiency improvement, eNB can postpone paging or drop paging of some UEs in configured PF/PO if no associated WUS configured before the PF/PO, and prioritize paging to UE for PF/PO when associated WUS resource is configured. The WUS periodicity is configured as a multiple of DRX cycle. This solution has more flexibility than increasing DRX cycle for paging and transmit WUS before each PO. The eNB can configure different periodicity for the WUS configuration of UEs. It is up to the eNB scheduler to ensure that paging is only scheduled in a cell when WUS is also scheduled for a given UE. In worst case, eNB may postpone paging transmission until corresponding WUS is scheduled. It may be reasonable to miss some paging messages as this is not very likely to happen. 
Proposal 4: 	The eNB can configure WUS for specific UEs with periodicity that is a multiple of DRX periodicity, and drop paging for these UEs in configured PF/PO if no associated WUS resource is configured.
The above solutions can be extended to eDRX where the UE monitors N PO(s) (N≥1) within PTW, unless paged. In the Figure 1, we illustrate different UE-group WUS methods. In case (a) and (b), UEs monitoring the same PO are not further divided into subgroups. Case (c) and (d) corresponds to Solution 1 and Solution 2, respectively.


Figure 1.	Different cases of UE-group WUS
More details are provided as follows.
· Case (a) shows a system without UE subgrouping with nB=1 (i.e. one PO per DRX cycle). UEs in the same PO will monitor WUS and then decode paging PDCCH if any UE in the group is paged.
· Case (b) shows a system without UE subgrouping but nB=2. UEs associated with one PO in Case (a) are now divided into two groups associated with different POs. UEs in the same PO will monitor WUS and then decode paging PDCCH if any UE in the group is paged. 
· Case (c) shows UE-group WUS within PO (Solution 1). The UEs associated with one PO in Case (a) are divided into two subgroups, and the DRX cycle is reduced to half. UEs in the same subgroup will monitor WUS and then decode paging PDCCH if any UE in the subgroup is paged. With the same density of PO and the same paging rate of each subgroup, UE subgrouping with PO allows better flexibility and timelier paging compared to Case (b).
· Case (d) shows the configuration of different WUS periodicity (as a multiple of DRX cycle) for specific UEs (Solution 2). In this way, UEs that are delay-tolerant but require better power efficiency can monitor WUS with longer periodicity.
Conclusion
We have the following observations:
Observation 1:	The maximum number of POs and corresponding UE groups for paging need to allow repetitions for WUS and associated NPDCCH and NPDSCH. The gap between WUS and associated NPDCCH also needs to be taken into account.  
Observation 2:	If UE-group for paging is reused for WUS, there can be a minimum of 1 UE group and a maximum N*Ns*Nn UE groups linked to UEs sharing same UE_ID, where N=min(T,nB), Ns= max(1,nB/T), and Nn is the number of paging carriers. 
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Paging configuration with UE groups linked to UE_ID=IMSI mod 4096 and RRC DRX configuration is baseline for UE-group WUS.
Proposal 2:	UE-group WUS is supported within a PO to reduce power consumption.
Proposal 3:	The number of UE groups within a PO shall be configured together with other WUS-related parameters in WUS-Config-NB.
Proposal 4: 	The eNB can configure WUS for specific UEs with periodicity that is a multiple of DRX periodicity, and drop paging for these UEs in configured PF/PO if no associated WUS resource is configured.
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