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Discussion and decision
1 Introduction
The Rel 16 work-items for eMTC [1] and NB-IoT [2] enhancements include the following objective:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

WUS UE grouping has been discussed during Release 15 but due to various reasons it was not pursued (see [3]). RAN2 has made progress on narrowing down the options for group WUS by excluding some methods as follows:
· At least UE_ID based grouping is supported for UE-Group based WUS. This doesn’t exclude other options.

· Additional grouping based on DRX/eDRX is not supported

· Coverage based grouping is not supported

· 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.
RAN1 has also made progress on WUS group design and key agreements relevant to RAN2 are listed below [7]

 REF _Ref7605076 \r \h 
[8]:

NB-IoT:

· A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS
· 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.
· Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.
· A UE is required to monitor WUS(s) in only one WUS (T/F) resource location
· Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured.
· Group WUS location in relation to legacy WUS may be configured such that:
· If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,
· If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.

· 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.
eMTC:
· UE-group WUSs are only multiplexed in the same NB as associated PO
· The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled
· 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
· A UE is required to monitor WUS(s) in only one WUS (time/frequency) resource location.
· If configured, 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.
· Rel-15 WUS and Rel-16 WUS can be configured on the same legacy WUS resource via SI
· Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource can be configured to be legacy WUS or a non-legacy WUS
RAN1 has aimed to maintain maximum similarity of WUS group design for eMTC and NB-IoT and this would be helpful to RAN2 when defining signalling.

RAN1 is still discussing physical layer details as wells as the maximum number of subgroups in each WUS resource.
The aim of this paper is to highlight what the RAN1 design means for RAN2 and to discuss how RAN2 can make use of this design for optimal WUS group usage.

Note, for simplicity the term ‘paging carrier’ means ‘NB-IoT paging carrier and/or eMTC paging narrowband’. 
2 Discussion
2.1 WUS group design
At high level the RAN1 group WUS design is depicted in the following figures. 
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Figure 1 One group WUS resource configured, (a) TDMed, (b) FDMed.
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Figure 2 Two group WUS resources configured
With a single WUS resource eNB has the option to configure it either immediately before the R15 WUS resource or completely overlapping with R15 WUS resource. When 2 WUS resources are configured then one resource overlaps with R15 WUS resource and the other resource follows immediately before R15 WUS resource.
Note, in R15 WUS it is possible for both Short eDRX gap and DRx gap to be the same hence both type of UEs monitor the same WUS resource. The same principle will apply with R16 WUS resource.

Proposal 1:
For a single group WUS resource configuration eNB signals if it occurs immediately before R15 WUS or it overlaps with R15 WUS
A group WUS resource could support 1 or more subgroups, the maximum number of subgroups within one group WUS resource is still to be decided by RAN1. eNB can only transmit a WUS for one subgroup within a group WUS resource. This means it would not be possible for eNB to send WUS for more than one subgroup within a group. To overcome this RAN1 considering defining one of the WUS subgroups within a group WUS resource as common. When eNB needs to send more than one WUS subgroups then eNB will send a common WUS sequence and cause all UEs mapping to the group WUS resource to receive the PO. This means within one group WUS UE will need to be able to detect up to two WUS sequences.

Proposal 2:
eNB signals if one WUS sequence is common.

When group WUS occurs at the same time as R15 WUS (e.g. Figure 1 (b)) then R15 WUS could be considered as a common WUS subgroup.

Proposal 3:
For group WUS resource overlapping R15 WUS resource then eNB signals whether R15 WUS is common.

2.2 WUS resource configuration per gap

The number of UEs with different eDRX/DRX gap may be different and available resources (e.g. time, frequency power) for group WUS resource in each gap may not be same. Therefore, per gap type group WUS configuration can be beneficial (e.g. number of WUS resources and distribution between R15 and R16 WUS resources).
Proposal 4: 
eNB should be able to configure different group WUS resources for each gap type (DRX, short, long).

2.3 WUS group configuration per cell or carrier

R15 WUS resource is common for a cell (i.e. same WUS configuration applies to all paging carriers). However, the different paging carriers may be allocated different number of UEs, resulting in unequal paging probability. It may be more flexible to configure group WUS resource on a subset of paging carriers considering the loading on the particular paging carrier (i.e. enable WUS group on under-utilised paging carrier). Therefore, group WUS resource configuration flexibility should be allowed on per paging carrier basis.

Proposal 5:
Allow same group WUS configuration for all carriers.

Proposal 6:
Allow same group WUS configuration for only some of the paging carriers.
Proposal 7:
Allow different group WUS configuration for different paging carriers.

If only a subset of the paging carriers support group WUS then UEs supporting group WUS would be restricted to consider only those subcarriers. The same equation and weighing factors configured for the set of paging carriers apply for those paging carriers supporting group WUS. 
For example, there are 6 paging carriers configured with weighting factor for paging load balancing as: 
· floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(5) with W=W(0) + W(1) + … + W(5)

Cell also supports R15 WUS. When UEs supporting R16 WUS are far fewer than UEs supporting R15 WUS then only a subset of 6 paging carriers need to support R16 WUS, e.g. first 3 paging carriers. UEs supporting R16 WUS would only consider the carriers supporting R16 WUS (e.g. first 3) and for these UEs the equation becomes: 

· floor(UE_ID/(N*Ns)) mod W’ < W(0) + W(1) + W(2) with W’=W(0) + W(1) + W(2)

This is one possible way to change the relative ratio between legacy UEs and new UEs by carrier/narrowband selection. 

Proposal 8:
UEs supporting group WUS only consider paging carriers supporting group WUS and the associated weighting factors.

2.4 Distributing UEs amongst legacy and R16 WUS subgroups
Release 15 has at most one WUS resource on the paging carrier/narrowband used for paging, i.e., R15 WUS resource. This WUS resource does not support UE grouping (other than grouping resulting from GAP duration) and all UEs that support WUS without UE grouping will use this WUS resource. As population of UEs supporting group WUS increases the R15 WUS resource become under-utilised while group WUS resource becomes over-utilised thus diminishing the benefit of the group WUS resource. 

To mitigate this, it is desirable for some UEs supporting group WUS to monitor R15 WUS resource instead of R16 WUS resource. One way to achieve this is to consider R15 WUS resource as an additional subgroup for UEs supporting group WUS (or additional subgroup for a percentage N1/(N1+N2) of UEs supporting group WUS to use R15 WUS resource and remaining N2/(N1+N2) UEs supporting group WUS to use a R16 WUS resource, where N1 >= 0, N2 >= 0). 
For example, if group WUS resource supports N1=0, N2=1(in which case all UEs supporting group WUS use R16 WUS resource), N1=1, N2=2 (in which case 1/3 of UEs supporting group WUS use R15 WUS while 2/3 use R16 WUS) or N1=1, N2=1 (in which case 50% of group WUS supporting UEs use R15 WUS and 50% use R16 WUS). The configuration of N1 and N2 ratios for R15 and R16 WUS resources is to maximise the power saving gain by using load balancing, considering the ratio of R15 UEs to R16 UEs. This approach provides a deterministic method to distribute UEs amongst the two WUS resources and groups (e.g., in a manner similar to that developed in Rel-14 for paging in non-anchor carriers).

Proposal 9:
To maximise benefit of group WUS introduce distribution of group WUS supporting UEs amongst R16 and R15 WUS resources.
Summary

This document identifies the key RAN1 agreements pertinent to RAN2 and describes the group WUS design. The document also identifies how the R15 WUS resource and R16 WUS resource can be combined to optimise power consumption of page reception. Various aspects to consider when designing signalling that allows flexibility in group WUS configuration, namely:

· Be able to configure different group WUS resource for each paging carrier.

· Be able to configure different group WUS resource for each gap type on each paging carrier

· Be able to distribute a proportion of UEs supporting group WUS to use R15 WUS resource.

Following proposals aim to enable the above aspects:
Proposal 1:
For a single group WUS resource configuration eNB signals if it occurs immediately before R15 WUS or it overlaps with R15 WUS

Proposal 2:
eNB signals if one WUS sequence is common.

Proposal 3:
For group WUS resource overlapping R15 WUS resource then eNB signals whether R15 WUS is common.

Proposal 4: 
eNB should be able to configure different group WUS resources for each gap type (DRX, short, long).
Proposal 5:
Allow same group WUS configuration for all carriers.

Proposal 6:
Allow same group WUS configuration for only some of the paging carriers.
Proposal 7:
Allow different group WUS configuration for different paging carriers.

Proposal 8:
UEs supporting group WUS only consider paging carriers supporting group WUS and the associated weighting factors.

Proposal 9:
To maximise benefit of group WUS introduce distribution of group WUS supporting UEs amongst R16 and R15 WUS resources.
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