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1. Introduction

In Rel.15 study for even further enhancements of LTE-MTC/NB-IoT, various techniques for DL/UL power consumption reduction are discussed and wake-up signal (WUS) for eMTC/NB-IoT is defined as power saving physical signal [1, 2].

	Working assumption:
· For idle mode,

· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:
· ‘Wake-up signal or DTX’ with new periodic sync signal
· ‘Wake-up signal or DTX’ without new periodic sync signal
· Study till the next meeting how to ensure sufficient sync performance.
· Consider potential synergies with the WI objective on Reduced system acquisition time.
· Consider impacts from mobility.


In this contribution, we discuss further on remaining issues on WUS for Rel.16.

2. Discussion 
WUS is transmitted prior to a paging occasion (PO) and it indicates whether UE needs to read the POs following certain WUS in a single DRX cycle. So WUS allows UE to reduce detection effort of NPDCCH and paging message. On the other hand, other UEs which share the certain PO also wake up to read paging message unnecessarily. In Rel-15, companies proposed that WUS also carries additional information to solve the problem, i.e. UE-group WUS.
As mentioned in LS from RAN2 [3], at least from RAN2 perspective, it is feasible to introduce UE-grouping for WUS. However, some concerns are still needed to be discussed. The performance gain from UE-grouping highly depends on practical NW operation such as paging frequency. In addition, according to the specific design of WUS sequence, UE effort on WUS detection may be increased. Based on discussion above, finally, RAN1 cannot reach a consensus on this issue and following agreements are made at the RAN1 #93 meeting [4].

	Agreement
Sub-grouping is not supported in Rel-15.


As discussed above, performance gain from UE-grouping is not very clear. Hence, RAN1 may need further study on this issue for efficient power consumption reduction. For example, specific schemes of UE grouping (e.g. CDM based grouping or TDM base grouping) has already proposed by some companies and it needs to be further studied carefully taking into account the UE detection complexity and detection performance which includes false alarm probability. Therefore, we think that the following aspects may need to be taken into account. 

· Possible use case 
· Paging frequency, PO density, and associated UE density, etc.
· Sequence design (e.g. TDM based or CDM based)
· Detection complexity and time resource overhead should be minimized 
· Considering backward compatibility for legacy UEs

· Performance gain (e.g. UE power consumption)

· In Rel.15 work, performance gain from UE-grouping is not clear and further discussion is needed. 

Based on the discussion above, we provide following proposal.
Proposal 1: UE-group wake-up signal should be further studied in Rel.16

· The performance gain and complexity should be taken into account.

3. Conclusion 

In this contribution, we discussed on the remaining issue for wake-up signal for Rel.16 study. Based on the discussion above, we made following proposals. 
Proposal 1: UE-group wake-up signal should be further studied in Rel.16

· The performance gain and complexity should be taken into account.
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