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1. Introduction

At the RAN1 #94bis meeting, details of UE-group wake-up signal (WUS), which includes sequence design, compatibility with legacy WUS, and signaling, were discussed. RAN1 made the following agreements [1].
	Agreement

UE grouping is based on at least UE ID or some function of UE ID
Agreement 

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

Agreement

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

Agreement

Configuration of group WUS is at least signaled in SI

Agreement

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


In this contribution, we express our views on UE-group WUS for LTE-MTC.
2. Discussion 
2.1. UE grouping scheme 
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 discussed. 

Opt. 1: TDM based

In Rel-15, time gap between WUS and PO can be configured. In a similar manner, we can configure different time gap between UE-group IDs, i.e., TDM based UE grouping. One possible benefit of this option is that the same sequence design can be reused for UE-group WUS and its implementation complexity may not be increased. If multiple WUSs for UE grouping are transmitted in continuous time resources, it may prevent UEs from transmitting other signals/channels. On the other hand, if multiple WUSs for UE grouping are transmitted discretely, UE needs to monitor WUS and/or PO for a longer time than other options. Thus, we consider Opt.1 is not preferred for UE grouping scheme from UE power consumption perspective.
Opt. 2: CDM based

To multiplex WUS sequences for UE grouping, different WUS sequences can be defined for different UE group IDs. This option can save time/frequency resources than the other options. To transmit each WUS sequences, we can consider two options. As shown in Figure 1(a), one option is that each WUS sequence can be disabled/enabled individually (multi-sequence transmission). For example, if all the UE group IDs need to be woken up, all the WUS sequences can be transmitted at the same time. In the case, transmit power for each WUS sequences may be divided by the number of UE group WUS sequences. Another option is to allow only one WUS sequence to be transmitted as is the case with a transmission of NR PSS/SSS (single-sequence transmission). In the case, we can introduce additional WUS sequence to wake up all or part of the UE groups as shown in Figure 1(b). This option does not need power sharing between UE groups but it increases the number of required WUS sequence and UE effort on WUS detection. If UE grouping is based on CDM design, our preference is single-sequence transmission scheme since unnecessary power boosting should be avoided.
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(a) CDM with multi-sequence transmission
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(b) CDM with single-sequence transmission
Figure 1: Example to indicate all the UE group IDs
Opt. 3: FDM based

At the RAN1 #94 meeting, RAN1 agreed that UE-group WUSs are only multiplexed in the same NB of associated PO. Due to limited frequency resources in the NB, the maximum number of UE group WUS sequences that is multiplexed in frequency domain would be limited. 
The number of UE group IDs needs further study taking into account power saving performance from UE-group WUS. If two or three UE group IDs is enough to support, Opt. 3 is most straightforward. However, we consider that more number of UE group IDs is necessary to provide sufficient performance of UE power saving. In the case, combination with other option can be considered.

Based on the discussion above, we provide following proposal.
Proposal 1: FDM, CDM with single-sequence transmission, or its combination should be considered for multiplexing between different UE-group WUSs
2.2. Co-existence with legacy WUS

RAN1 agreed that a Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS. Therefore, we consider it is natural that UE-group WUSs are transmitted in addition to legacy WUS. Here, we show three examples of multiplexing pattern between Rel-15 and Rel-16 WUSs in Figure 2. In Figure 2, please note that the multiplexing patterns can be different from the one for multiplexing different UE group IDs. 
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Figure 2: Multiplexing patterns between Rel-15 and UE-group WUSs

(Examples for CDM based UE grouping)

Opt. 1: TDM based

In this option, it is clear that The Rel-15 WUS monitored by legacy BL/CE UEs is not impacted by UE-group WUS. Assuming that UE group ID is simply based on UE ID, if any one of UE-group WUSs is transmitted, Rel-15 WUS would be transmitted because some UEs may need to monitor associated PO. In this case, channel estimation results based on the Rel-15 WUS can be used for the detection of Rel-16 WUSs. We consider that it is beneficial to reduce the WUS sequence length and required frequency resources for UE-group WUS.

Opt. 2: CDM based

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. As mentioned earlier, CDM based design has the concern on transmit power since UE-group WUSs may be transmitted with Rel-15 WUS simultaneously. In addition, this option can cause performance degradation from interference between CDMed WUS sequences, and thus this option is not preferred for multiplexing between Rel-15 and UE group WUSs.
Opt. 3: FDM based

As is the case with Opt. 1, FDM-based design can achieve the co-existence with Rel-15 WUS with no specification impact and performance degradation for Rel-15 WUS. Since the available frequency resources within a NB is very limited, the maximum number of WUS sequence multiplexed in frequency domain is also limited. We need more discussion considering the multiplexing scheme between different UE group IDs. 

Based on the discussion, we slightly prefer Opt. 1 and 3 for co-existence with Rel-15 WUS.
Proposal 2: Study further the multiplexing scheme between Rel-15 and UE-group WUS

· TDM/FDM based design should be studied as baseline.
In addition, we need to discuss how to use the legacy WUS by Rel-16 BL/CE UEs. At least, the following alternatives can be considered. 

· Alt. 1: Use legacy WUS as common WUS for all the UEs which including Rel-16 BL/CE UEs

· Alt. 2: Use legacy WUS as one of UE group WUSs. 
In our understanding, the difference between Alt.1 and Alt. 2 is whether UEs capable of Rel-16 WUS can be woken up separately from legacy WUS capable UEs. In other words, if we need to wake up only UE-group WUS capable UEs, Alt. 2 should be supported. However, we cannot find such a use case so far. 
Proposal 3: If multiplexing scheme between Rel-16 and UE-group WUS is based on TDM or FDM, legacy WUS should be used as common WUS for all the UEs.
3. Conclusion 

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

Proposal 1: FDM, CDM with single-sequence transmission, or its combination should be considered for multiplexing between different UE-group WUSs
Proposal 2: Study further the multiplexing scheme between Rel-15 and UE-group WUS

· TDM/FDM based design should be studied as baseline.
Proposal 3: If multiplexing scheme between Rel-16 and UE-group WUS is based on TDM or FDM, legacy WUS should be used as common WUS for all the UEs.
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