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1	Introduction
The Rel-16 Work Item Descriptions for LTE-M [1] and NB-IoT [2] contain a common objective on enhancing the wake-up signal (WUS) that was introduced in Rel-15:
[bookmark: _GoBack]
	
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]




During RAN1#94bis and RAN1#95 the following agreements relevant for RAN2 were made:
	
UE grouping is based on at least UE ID or some function of UE ID

Group WUS is based on at least legacy WUS and UE-group ID.

A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS

[bookmark: _Hlk528506957]The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled
· Performance impact on legacy WUS should be carefully considered

UE-group NWUS is supported based on eNB’s and UE’s capability
Whether the network supports UE-group NWUS is done by higher layer signaling.
FFS: The number of UE groups is configured by SIB.
Note that the UE-group NWUS is UE optional

Rel-16 UE-groups WUS with same DRX/eDRX gap configuration are multiplexed with TDM and/or single sequence CDM
· FFS: Whether single sequence CDM can include legacy WUS
· FFS: Multiplexing between Rel-15 and Rel-16 UE groups
· Note: Single sequence CDM is where different sequences share the same resource and only one sequence is transmitted at a given time

[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.

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




In RAN2#103bis the following agreements were made:
	The aim of UE grouping for WUS is reducing the false alarm probability.
At least UE_ID based grouping is supported for UE-Group based WUS. This doesn’t exclude other options.
Further discuss whether the following are supported:
· Service based grouping 
· DRX/eDRX based grouping 
· Gap based grouping. 
· Coverage based grouping




Most recently the following agreements were made in RAN2#104:
	
Further discuss the benefit and feasibility of using service based parameters for grouping in addition to UE-ID 
Can discuss group distribution further, including Rel-15/16 mechanism interaction, once we know more about number of groups and more about the grouping solution (e.g. service based parameters) 
RAN2 will decide on the UE to WUS group mapping




In this contribution we discuss the WUS group mapping from UE_ID. 
[bookmark: _Ref178064866]2	Discussion

It is clear that it is the reduction of false paging that provides the power reduction gains for Rel-16 group WUS in comparison to Rel-15 WUS. In order to maximize the gains, assuming that paging probability is the same and paging is independent from that of other UEs, UEs sharing a paging occasion (PO) should be distributed uniformly over the configured WUS groups. 
[bookmark: _Toc1080790]Assuming all UEs have the same paging probability, UEs in a PO should be distributed uniformly over all the configured WUS groups to achieve maximal UE power consumption reduction.
Doing that puts some requirements on which bits from the UE_ID should be used. More specifically, since some of the UE_ID bits are already used to determine the PO (and paging carrier or paging narrowband), using the same bits for determining the WUS group would put all the UEs in a PO in the same WUS group. Hence there would be no gains at all compared to Rel-15 WUS. The UE_ID determines the SFN of the paging frame (PF) of a UE according to the following equation [5]:
SFN mod T= (T div N)*(UE_ID mod N)
The POs in this radio frame are then determined by the parameter i_s and the subframes pointed out by the corresponding table in section 7.2 of [5].
i_s = floor(UE_ID/N) mod Ns
As seen, other UE_ID bits are used for determining i_s such that, in principle, UEs are distributed in different POs. However, since as explained in [6], nB/T is the PO density per radio frame, nB values 2T or 4T are unlikely to be used in combination with the coverage enhancements for LTE-M and NB-IoT. That is, it is not practical to use every radio frame as paging frame when using repetitions. Therefore, LTE-M and NB-IoT UEs which share the PF will typically also share the PO.
So, when in Rel-13 determining in which narrowband for LTE-M, and in which carrier for NB-IoT, the UE were to be paged, it had to be avoided that all UEs sharing PO ended up in the same narrowband or carrier. For this the following equations were introduced:
PNB = floor(UE_ID/(N*Ns)) mod Nn
floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(n)
That, taking the paging narrowband (PNB) as the example, the UEs are first spread over the N PFs used in the cell for the DRX cycle T. Then, as for i_s the other bits of the UE_ID are used to determine the PNB. For example, if T=256 and nB=T/64, then N=4 and UEs will spread over 4 PFs in the 256 radio frame long DRX cycle. Two UEs with UE_ID1=15914 and UE_ID2=4690 will then share PF since UE_ID mod N=2, however if there are 5 narrowbands in the cell such that Nn=5, the division with N in the PNB equation above ensures that the UEs will be distributed to different paging narrowbands, PNB1=3 and PNB2=2.
For group WUS it has been agreed that WUS is transmitted in the same narrowband or carrier as the paging message [3]:
· UE-group WUSs are only multiplexed in the same NB as associated PO
· UE-group WUSs are only multiplexed in the same carrier as associated PO

It would therefore be desirable that some other bits of the UE_ID are used to determine the WUS group. That is, as illustrated in Figure 1, UEs are uniformly distributed first over PF, then over paging narrowband/carrier, and last over WUS group.
[image: ]
[bookmark: _Ref528568562]Figure 1: Schematic illustration of distributing UEs over paging frames, paging carriers, and WUS groups for nB=4.
This can be achieved by applying the same principle yet again, that is diving with the number used in the modulus operation for the previous distribution. In this case the WUS group index for a UE would be obtained by the following equation:
WUSgroup = floor(floor(UE_ID/(N*Ns))/Nn) mod Nw
Where Nw is the number of WUS groups configured in the cell. Therefore, we propose the following for WUS group mapping based on UE_ID:
[bookmark: _Toc1080791]The WUS group index for a UE is determined by the following equation: WUSgroup = floor(floor(UE_ID/(N*Ns))/Nn) mod Nw, where Nw is the number of configured WUS groups.
With the need of more and more differentiation of UEs based on UE_ID, there is increasing need for using more and more bits from the IMSI. When paging over narrowbands and non-anchor carriers were introduced the number of bits used from IMSI was also increased such that UE_ID = IMSI mod 16384. With the need in Rel-16 to further differentiate UEs over WUS groups it may be beneficial to use even more IMSI bits. However, this may not be a viable option due to UE integrity issues. On the other hand, the case when it would not be possible to further differentiate UEs to WUS groups would be when Nn is very large, e.g. equal to 16 for NB-IoT. In that case the benefit of Rel-16 group WUS would perhaps be rather small since UEs are already distributed over 16 carriers when sharing a PF. Anyway, this would be something that requires further discussion in RAN2.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Assuming all UEs have the same paging probability, UEs in a PO should be distributed uniformly over all the configured WUS groups to achieve maximal UE power consumption reduction.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The WUS group index for a UE is determined by the following equation: WUSgroup = floor(floor(UE_ID/(N*Ns))/Nn) mod Nw, where Nw is the number of configured WUS groups.
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