Page 4
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #97																R1-1906768
Reno, USA, 13th – 17th May, 2019

Source: 	Intel Corporation 
Title:	UE-group wake-up signal for eMTC
Agenda item:	6.2.1.1
Document for:	Discussion and Decision

1. Introduction
In RAN#80 a new work item (WI) on Rel-16 MTC enhancements for LTE was agreed. One of the WI objectives is to improve DL transmission efficiency and/or UE power consumption [1]. In particular, specify support for UE-group wake-up signal (WUS).
In the previous RAN1#96bis meeting, the following agreements regarding UE-group WUS were made [2]:
	Agreement
For evaluation purpose and down-selection on multiplexing schemes in RAN1#97:
· UE assumes the same WUS max duration and same transmit power for Rel-15 WUS and Rel-16 WUS 
Agreement
Down-select one of the following options until RAN1#97 based on evaluation results including power saving gain, usage of resources, etc
· 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)
Determine in RAN1#97 whether legacy WUS resource is counted as one of the configured WUS resource(s).
Agreement
Rel-15 WUS and Rel-16 WUS can be configured on the same legacy WUS resource via SI
· FFS explicitly or implicitly
· Same WUS parameters are assumed for both Rel-15 and Rel-16 WUS in case both are on the same legacy WUS resource
Agreement
· Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.
Agreement 
If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, a common WUS for all the group WUS UEs in the same WUS resource can be configured to be legacy WUS or a non-legacy WUS.


In this contribution, we express our views on UE-group WUS for eMTC devices in Rel-16.

2. Multiplexing Considerations
There are two factors which should be taken into account while choosing among WUS multiplexing options: network (NW) flexibility and UE complexity.
From the network flexibility perspective, the option with up to 2 orthogonal WUS resources per dimension (time/frequency), which results in up to 4 orthogonal WUS resources total, seems to be the most preferable one. It potentially allows the NW to do TDM between the WUS resources, e.g., to provide additional power boosting to the WUS. On other hand, it does not preclude FDM in deployments where the boosting is not needed, and the NW just prefers to increase the number of available WUS resources to serve a larger number of UE groups. 

Proposal 1:
Up to 2 orthogonal WUS resources per dimension (time/frequency), which results in up to 4 orthogonal WUS resources total, can be configured.
· This accounts the legacy WUS resource

From the UE complexity perspective, the number of WUS sequences the UE detects within the monitored WUS resources should be minimized. However, in order to distinguish a particular WUS, the UE should be able to detect all WUSes which potentially can be transmitted within the WUS resource. In this case, a minimal number of UE groups sharing the same WUS resource is equal to 3: UE group-0, UE group-1 and the common UE group. Obviously, the single sequence (SS) CDM is used to multiplex theses sequences.

Proposal 2:
For SS-CDM, the max number of WUS sequences within the same WUS resource is equal to 3.
· This corresponds to UE group-0, UE-group-1 and the common UE group.

An illustration of WUS multiplexing concept described above can be found in Figure 1.


Figure 1. Multiplexing of WUS resources in Rel-16.

3. UE-group WUS Sequence Generation Considerations
In light of the agreement made in RAN1#96 on the UE-group WUS sequence for eMTC:
	Agreement
UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.


please refer to our companion contribution on the NB-IoT [3] where the results of cross-correlation analysis of different WUS sequence design proposals are given. Based on that results, the following proposal is made:
Proposal 3:
UE-group WUS sequence in Rel-16 is based on the legacy WUS and two short OCCs applied separately in the time and frequency domains.

4. Conclusions
In this contribution, we discussed different considerations on UE-group WUS for eMTC devices in Rel-16. Our proposals are summarized as below:
Proposal 1:
Up to 2 orthogonal WUS resources per dimension (time/frequency), which results in up to 4 orthogonal WUS resources total, can be configured.
· This accounts the legacy WUS resource

Proposal 2:
For SS-CDM, the max number of WUS sequences within the same WUS resource is equal to 3.
· This corresponds to UE group-0, UE-group-1 and the common UE group.

Proposal 3:
UE-group WUS sequence in Rel-16 is based on the legacy WUS and two short OCCs applied separately in the time and frequency domains.
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