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1. Introduction

At the RAN1 #95 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 

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.

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.

Agreement
The number of UE groups is configurable and broadcasted in SIB.

· FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO

Agreement

UE group ID is used as a parameter to generate WUS UE group sequence(s).

Agreement

One group WUS is designed as a single sequence
Agreement 

Further study false detection (cross/auto correlation) performance properties for the following designs:

· legacy WUS + cover codes,

· legacy WUS + shifted scrambling codes,

· legacy WUS + phase shift + cover code + scrambling bits

· Including combinations of phase shift, cover code, and/or scrambling bits

Other designs are not precluded.
Agreement

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, we express our views on UE-group WUS in eMTC.
2. Discussion 
2.1. Multiplexing scheme between different UE groups
To allow Rel-16 BL/CE UEs to identify UE group ID, we need to consider multiplexing scheme for Rel-16 WUS sequences corresponding to different UE groups. At the last meeting, the following options for UE grouping were agreed for further down-selection. 

Opt. 1: Single-sequence CDM

To multiplex WUS sequences for UE grouping, different WUS sequences can be defined for different UE group IDs. CDM can save more time/frequency resources than the other multiplexing scheme, i.e. TDM or FDM. However, one possible concern from this option is to increase UE effort on the blind detection for CDMed WUS sequences. During the discussion at the last meeting, multiple-sequence CDM was precluded since it may cause power sharing issue between different WUS sequences. Therefore, some companies propose single-sequence CDM that can avoid power sharing issue and increasing the number of WUS sequences, which are needed to detect blindly. 

Opt. 2: FDM
FDM can also be the candidates of multiplexing scheme for different UE groups. Our first preference is Opt. 2 since FDMed sequences do not share radio resources so FDM does not need any issues on detection performance, and FDM does not increase time overhead. On the other hand, at the RAN1#94 meeting, RAN1 agreed that WUSs for different UE groups are multiplexed only in the same NB, which is associated with PO. In that sense, in FDM, the maximum number of WUS sequences in frequency domain is limited to three sequences per NB due to limited frequency resources. Therefore, if four or more UE group IDs are needed to be supported, a combination with other multiplexing schemes should be supported in addition to FDM.
Opt. 3: Single-sequence CDM + TDM
As another option, we can consider the combination of single-sequence CDM and 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 NB. 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. However, if a lot of WUS sequences is located in time resources, it may prevent UEs from transmitting other signals/channels, or UE needs to monitor WUS and/or PO for a longer time than other options. Thus, Opt. 3 is not preferred for multiplexing between different UE groups.
Opt. 4: Single-sequence CDM + FDM
As mentioned above, our first preference is Opt. 1. However, if we need larger number of WUS sequences, FDM can be better solution than Opt.3 since FDM enables to increase the number of WUSs sequence while keeping the UE monitoring time shorter. In this case, the number of UE group IDs needs further study taking into account the impact on WUS detection performance.
Based on the discussion above, we provide following proposal.
Proposal 1: Following schemes should be supported for multiplexing between different UE-group WUSs
· FDM if the maximum number of UE groups is three or less

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

2.2. Multiplexing scheme between legacy and Rel-16 WUS
At the last meeting, multiplexing scheme between legacy and Rel-16 WUS were also discussed. Based on the discussion, the following options were agreed for further down-selection.

Opt. 1: TDM
In this option, it is clear that Rel-15 WUS monitored by legacy BL/CE UEs is not impacted by UE-group WUS. In our understanding, irrespective of multiplexing schemes, UE needs to monitor only one WUS sequence, which is configured by eNB, so TDM does not provide time overhead issue. At the RAN1#94bis, RAN1 agreed that a Rel-16 WUS capable UE shall also be capable of Rel-15 legacy WUS. In the case that both legacy and Rel-16 WUS are enabled by eNB, Rel-16 WUS capable UEs may monitor legacy WUS in addition to Rel-16 WUS. In other words, we can consider possible benefits from TDM, e.g. use the channel estimation results based on the Rel-15 WUS for the Rel-16 WUSs detection.

Opt. 2: FDM
As is the case with Opt. 1, FDM based design can achieve the co-existence with Rel-15 WUS with no performance degradation for Rel-15 WUS. However, since the available frequency resources within a NB 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 a NB. However, in NB-IoT, only one WUS sequence can be allocated within a NB. RAN1 should strive to keep commonality of Rel-16 WUS design between eMTC and NB-IoT as in legacy WUS. In that sense, our first preference is Opt. 1 both for eMTC and NB-IoT.

Opt. 3: CDM (including CDM +TDM and CDM+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. From the orthogonality of ZC sequences, we can consider CDM based design between Rel-15 and Rel-16 WUS. This option may provide the benefit to save time overhead to transmit multiple WUS sequences. However, CDM based design has the concern on the performance degradation from interference between CDMed WUS sequences. Thus, this option is not preferred for multiplexing between Rel-15 and UE group WUSs.
Proposal 2: TDM should be supported for multiplexing scheme between legacy and Rel-16 WUS
2.3. UE grouping
As described in Section 1, following alternatives are remained as FFS. 
· Alt. 1: Use legacy WUS as common WUS for all the UEs (including legacy UEs and Rel-16 WUS capable UEs)
· Irrespective of configure UE group ID, Rel-16 WUS capable UEs may or may not monitor legacy WUS 
· Alt. 2: Use legacy WUS as one of UE group WUSs. 
· If UE is not configured with group #0 (= legacy WUS), Rel-16 WUS capable UEs does not need to monitor legacy WUS.
In our understanding, this issue seems to be no specification impact since WUS capable UEs just monitor a WUS sequence configured by eNB and it does not matter whether the certain group ID is associated with legacy WUS sequence. However, as mentioned above, there may be few differences between Alt.1 and Alt. 2, e.g. in Alt. 1, WUS capable UEs may monitor legacy WUS in addition with Rel-16 WUS when both legacy and Rel-16 WUS is configure. However, in this situation, we have no strong preference.
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
· FDM if the maximum number of UE groups is three or less

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

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