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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In RAN1#95, the following agreements were made on specific support of UE-group Wake Up Signal.

UE group ID is used as a parameter to generate WUS UE group sequence(s)
One group WUS is designed as a single sequence
[bookmark: _Toc529800363]Further study false detection (cross/auto correlation) performance properties for the following designs:
· [bookmark: _Toc529800364]legacy WUS + cover codes,
· [bookmark: _Toc529800365]legacy WUS + shifted scrambling codes,
· [bookmark: _Toc529800366]legacy WUS + phase shift + cover code + scrambling bits
· Including combinations of phase shift, cover code, and/or scrambling bits
[bookmark: _Toc529800367]Other designs are not precluded.
[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.
Multiplexing of Rel-16 UE groups is down-selected among
· Single sequence CDM is supported
· Single sequence CDM is supported and TDM can be additionally applied
· FFS: Configurability of CDM and/or TDM
[bookmark: _Toc529800342]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
[bookmark: _Toc529980151]For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options
· [bookmark: _Toc529980152]TDM
· [bookmark: _Toc529980154]single-seq. CDM
· [bookmark: _Toc529980155]single-seq. CDM+TDM
[bookmark: _Toc529980156]FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.
[bookmark: _Toc529980160]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

In this contribution, aspects of UE group Wake up Signal are further discussed.
[bookmark: _Ref481671177]
UE Grouping and UE Sub-Grouping for WUS 
Rel-15 WUS monitoring behaviour
In RAN1#94bis, it was agreed that  “From a RAN1, perspective, UE grouping is based on at least UE ID or some function of UE ID”. It was further agreed that “Group WUS is based on at least legacy WUS and UE-group ID”. WUS sub-grouping is not supported in Rel-15. The rel-15 WUS grouping is the same as the paging group for an associated PO based on a UE_ID function of DRX/eDRX cycle and paging parameter. A Paging Frame (PF) is one Radio Frame and may contain one or multiple Paging Opportunities (PO).  A PF is linked to System Frame Number (SFN) and UE_ID as follows
PF=SFN mod T= (T div N)*(UE_ID mod N)
Where, 
· T is DRX cycle, typically set to DefaultPagingCycle=128, 256, 512, 1024 radio frames (10ms) 
· N=min (T, nB), where nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, T/1024
The UE monitors one PO per DRX cycle. The number of POs in a PF is determined by Ns=max(1,nB/T). Index i_s= floor(UE_ID/N) mod Ns points to PO within PF.
In Release 15, the gap duration between WUS and associated PO is linked to the DRX/eDRX configuration. For DRX, a gap duration is configured with a value range of {40ms, 80ms, 160ms, 240ms}. For eDRX, a short gap is configured with a value range of {40ms, 80ms, 160ms, 240ms} and another longer gap can be optionally configured with a value range of {1s, 2s}. The short gap can be same or larger than the gap configured for DRX. For eDRX, if a short gap (G1) and a longer gap (G2) are both configured, and the configured gap (G1 for Case 1 and G2 for Case2) is the same as “minimum gap between WUS and associated PO” reported by UE.

	UE reported one capability of “minimum gap between WUS and associated PO”
	UE expects the WUS with G1
	UE expects the WUS with G2

	Case 1: {40ms or 240ms}
	Y
	N

	Case 2: {1s or 2s}
	N
	Y



Multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS 
RAN1#95 agreed that single sequence TDM is supported for Rel-16 WUS. Only one sequence is transmitted at a given time. If UEs in more than one UE group-specific WUS needs to be paged, the single sequence CDM associated with the common WUS is transmitted; otherwise the single sequence CDM associated with the UE group-specific WUS is transmitted. Multiplexing options between Rel-16 UE-group WUS and (Rel-15) legacy WUS within the same carrier are: 
· TDM: Legacy WUS and rel-16 WUS are multiplexed in time domain. Rel-16 UE-groups WUS with same DRX/eDRX gap configuration are multiplexed. As with single sequence CDM is not used for rel-16 UEs. The WUS resource overhead and latency may be high in case all UEs need to wake up for a given PO (i.e. legacy UE and Rel-16  UEs in different UE-group). 
· Single-seq. CDM: rel-15 WUS and rel-16 WUS are multiplexed in code domain. The legacy WUS acts as the common WUS. There is no power sharing, but all UEs will have to wake up when common WUS is transmitted. 
· Single-seq. CDM+TDM: rel-15 WUS and rel-16 WUS are multiplexed in time domain; rel-16 UEs in different UE-group are multiplexed in code domain. 
We have preference for single-seq CDM + TDM for multiplexing of legacy UEs and rel-16 UEs with same DRX/eDRX gap configuration as illustrated in Figure 1. 
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Figure 1 Illustration of Rel-15 WUS and Rel-16 UE-groups WUS with Single Seq CDM + TDM
It is preferable if the legacy WUS is not the common WUS for all new UEs or only a part of new UEs. The legacy UE cannot differentiate between the legacy WUS and rel-16 common WUS if these are associated with the same PO. This may result is a legacy UE waking up if it detects the common WUS transmitted to wake up rel-16 UEs associated with the same PO.
The UEs in each WUS UE subgroup must have the similar WUS gap. From UE power consumption viewpoint, it is not desirable to have UEs in a subgroup with short and long gap durations. 
· The UE with a short gap of 40 ms configured for DRX will need to maintain synchronization for a longer time if some UEs in the UE subgroup are configured with a longer short gap of 240 ms. 
· In case longer gaps for eDRX, a UE configured with 1s long gap may need to maintain symchronization for up to 2s if some UEs in the UE subgroup are configured with a long gap of 2s. 
In paging procedure, the network may assume that an idle UE has the same coverage class based on last time it was in connected cell in a given serving cell. If paging fails, the eNB may re-transmit paging message in the serving cell with more repetitions, and if it fails again the eNB may send paging in other cells within the tracking area. A similar assumption for the coverage class for WUS with UE subgrouping can be used. 
Proposal 1: Single-seq. CDM+TDM is supported for multiplexing between Rel-16 UE-group WUS and (Rel-15) legacy WUS.
Proposal 2: Rel-16 UE-groups WUS with same DRX/eDRX gap configuration are multiplexed with single sequence CDM.
Observation 1: If the legacy UE cannot differentiate between the legacy WUS and rel-16 common WUS, the legacy UE may wake up if it detects the common WUS transmitted to wake up rel-16 UEs associated with the same PO.
Number of UE groups for rel-16 WUS 
The rel-15 UE sub-grouping for WUS is the same as UE grouping for paging with G=1. The configuration for paging grouping is linked to UE_ID and DRX/eDRX can be signalled via RRC common signalling (i.e. via SIB). RAN1#95 agreed that the number of UE groups is configurable and broadcasted in SIB.
We have preference not to use UE-subgroup WUS where the single CDM sequences are split in a number of subsets and each single CDM subset is used by a give UE subgroup WUS. This would require further TDM of rel-16 UE sub-groups WUS and seems inefficient from network resource viewpoint. Assuming no UE sub-group WUS, N UE-groups for rel-16 WUS require N single CDM sequences. To allow good detection of single CDM sequence, the number of detection hypothesis should be relatively small.
Observation 2: Assuming no UE sub-group WUS, N UE-groups for rel-16 WUS require N single CDM sequences.
Observation 3: To allow good detection of single CDM sequence, the number of detection hypothesis should be relatively small.
Proposal 3:  The number of UE groups is 2 or 4.

Conclusion
In this contribution, we discussed design aspects for NB-IoT coexistence with NR and made the following observations and proposals.
Proposal 1: Single-seq. CDM+TDM is supported for multiplexing between Rel-16 UE-group WUS and (Rel-15) legacy WUS.
Proposal 2: Rel-16 UE-groups WUS with same DRX/eDRX gap configuration are multiplexed with single sequence CDM.
Observation 1: If the legacy UE cannot differentiate between the legacy WUS and rel-16 common WUS, the legacy UE may wake up if it detects the common WUS transmitted to wake up rel-16 UEs associated with the same PO.
Observation 2: Assuming no UE sub-group WUS, N UE-groups for rel-16 WUS require N single CDM sequences.
Observation 3: To allow good detection of single CDM sequence, the number of detection hypothesis should be relatively small.
Proposal 3:  The number of UE groups is 2 or 4.
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