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1. Introduction

At the RAN1 #96 meeting, details of UE-group wake-up signal (WUS), which includes the definition of UE group, multiplexing scheme, and sequence design were discussed and RAN1 made the following agreements [1].
	Agreement

UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.

Agreement

· A UE is required to monitor WUS(s) in only one WUS (time/frequency) resource location.

Agreement

· Single-sequence CDM is used in the same WUS resource if more than one UE group is configured to monitor the WUS resource.
· Select one among the following:

· Up to 2 orthogonal WUS resources may be configured in time domain 

· Up to 2 orthogonal WUS resources may be configured in frequency domain 

· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)

· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)

· FFS: whether one of the WUS resources is configured to be shared with legacy WUS

Agreement

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.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs

· FFS: Whether to additionally support the feature of waking up a subset of all WUS UE groups


In this contribution, we express our views on UE-group WUS in eMTC.
2. Discussion 
2.1. Multiplexing scheme between different UE groups
At the last meeting, RAN1 agreed to support up to two WUS resources per domain (time or frequency). In the case, at maximum four WUS resources can be used to allocate all the WUS sequences which may or may not include legacy WUS as shown in Figure 1. Based on the agreements, at least single-sequence CDM is applied for multiplexing in the same WUS resource. However, we need more discussion on the specific design to multiplex legacy/Rel-16 WUS.
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Figure 1: Illustration of WUS time/frequency resources
At the RAN1 #95 meeting, the following options for UE grouping were agreed for further down-selection. 
	Agreement
For multiplexing between different Rel-16 UE-group WUS, further evaluate and down select among the following options

· single-seq CDM

· FDM

· single-seq CDM+TDM

· single-seq CDM+FDM

Note: At least the maximum number of UE groups should be considered.


Opt. 1: FDM
As shown in Figure 2, FDMed sequences do not share radio resources so FDM does not need any issues on detection performance, and FDM does not increase overhead in time domain. Therefore, at least for the case of smaller number of UE groups, FDM based UE grouping can be considered. As shown in Figure 2, in this option, up to two WUS sequences can be multiplexed within the single symbol. 

Opt. 2: Single-sequence CDM

If larger number of UE groups is configured, it is clear that single-sequence CDM needs to be supported in addition to other multiplexing schemes. On the other hand, for the case of smaller number of UE groups (e.g. 2 UE groups), both Opt.1 and Opt. 2 can be applied. Actually, we have no strong preference on this issue. However, even if smaller number of UE groups is configured, in the case of FDM, two WUS resources are located in frequency domain for Rel-16 WUS transmission. In the case, group common WUS should be able to be transmitted on every WUS resource since it is assumed that a single UE monitors only single WUS resource. If smaller number of UE groups is configured, single sequence CDM without FDM may be used to multiplex all the Rel-16 WUS sequences to avoid duplicated transmission of group common WUS in FDMed resources as shown in Figure 2. 
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Figure 2: FDM based UE grouping

Opt. 3: Single-sequence CDM + TDM
As another option, we can consider the combination of single-sequence CDM with TDM. In Rel-15, time gap between WUS and PO can be configured. In a similar manner of legacy WUS, in addition to single-sequence CDM, we can configure different time gaps for different UE-group IDs to increase the number of WUS sequences within the single symbol. One possible benefit of this option is that such configuration manner can be reused for UE-group WUS and its implementation complexity may not be increased. 
Opt. 4: Single-sequence CDM + FDM
UE always needs to monitor only one WUS resource so UE detection complexity seems to be the same between different multiplexing schemes. However, one possible concern is power-sharing issues between WUS sequences. In the case, at least, negative impact on legacy WUS from Rel-16 WUS should be avoided. Considering the case that larger number of UE groups is necessary, both Opt.3 and Opt.4 can be considered as the possible solution. However, if we consider the case of co-existence of Rel-16 WUS with legacy WUS, as described in the following section, we prefer the legacy WUS and Rel-16 WUS are separately allocated in time domain. In the case, possible design as shown in Figure 4 (b) would be considered and it means that we slightly prefer Opt.4 compared with Opt.3.

Based on the discussion above, we provide following proposal.
Proposal 1: Following schemes should be supported for multiplexing between different UE-group WUSs
· CDM if the maximum number of UE groups is X or less

· Single-sequence CDM +FDM if the maximum number of UE groups is more than X
· Value X should be further studied taking into account WUS detection performance 

2.2. Multiplexing scheme between legacy and Rel-16 WUS
At the RAN1 #95 meeting, the following options for UE grouping were agreed for further down-selection. 

	Agreement 

For multiplexing between Rel-16 UE-group WUS and Rel-15 WUS, further evaluate and down select among the following options

· TDM

· FDM

· single-seq CDM

· single-seq CDM+TDM

· single-seq CDM+FDM

· FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.


Opt. 1: FDM
FDM based design can achieve the co-existence with Rel-15 WUS with no performance degradation for legacy WUS (Figure 3). However, since the available frequency resources within the single symbol is very limited, the maximum number of WUS sequence multiplexed in frequency domain is also limited. At least in eMTC, FDM can be used for multiplexing legacy and Rel-16 WUS since at maximum three WUS sequences can be multiplexed within single symbol. However, in NB-IoT, only one WUS sequence can be allocated within the single symbol. RAN1 should strive to keep commonality of Rel-16 WUS design between eMTC and NB-IoT as in legacy WUS. In that sense, this option is not preferred for multiplexing between Rel-15 and UE group WUSs.
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Figure 3 (a) FDM based design

for smaller number of UE groups
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Figure 3 (b) FDM based design

for larger number of UE groups
Opt. 2: Signle-sequence CDM (including the combination with TDM or FDM)
The Rel-15 WUS is based on ZC sequence whose design can be easily extended to generate more number of sequences for Rel-16 WUSs. In addition, scrambling codes and/or bit shifting may be also applied to generate Rel-16 WUS sequence. This option may provide the benefit to save time overhead to transmit multiple WUS sequences. However, CDM based design has potential concern on the performance degradation e.g., due to false detection of CDMed WUS sequences. Thus, this option is not preferred for multiplexing between Rel-15 and UE group WUSs.
Opt. 3: TDM
It is clear that Rel-15 WUS monitored by legacy BL/CE UEs is not impacted by UE-group WUS in Opt.3 as same as Opt. 1 (Figure 4). As mentioned above, we prefer the legacy WUS and Rel-16 WUS are TDMed, so we simply provide following proposal.
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Figure 4 (a) TDM based design

for smaller number of UE groups 
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Figure 4 (b) TDM based design

for larger number of UE groups

Proposal 2: TDM should be supported for multiplexing scheme between legacy and Rel-16 WUS
3. Conclusion 

In this contribution, we provide our views on UE-group WUS in eMTC. Based on the discussion, following proposals are made.

Proposal 1: Following schemes should be supported for multiplexing between different UE-group WUSs
· CDM if the maximum number of UE groups is X or less

· Single-sequence CDM +FDM if the maximum number of UE groups is more than X

· Value X should be further studied taking into account WUS detection performance 

Proposal 2: TDM should be supported for multiplexing scheme between legacy and Rel-16 WUS
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