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1. Introduction

In Rel-15 WUS discussion, we have investigated the power saving gain by using WUS for a sub-group of UEs for the associated PO [1]. The following agreements was from RAN1#93 meeting: 
Agreement
Sub-grouping is not supported in Rel-15.
Note that some companies observe the gains from sub-grouping.

In RAN #80 the following was agreed [2]: 
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
In order to support the UE-group WUS of MTC (MWUS), we discuss UE-group MWUS from the following aspects:
· Backward compatible with Rel-15 MWUS
· Resource allocation for UE-group MWUS
· Spec impact on RAN1/RAN2/MME
2. Backward compatible with Rel-15 MWUS
[bookmark: _Hlk521586193][bookmark: _Hlk521251047]In the network, a Rel-15 eNB does not support this new feature of UE group MWUS and a Rel-16 eNB should be able to disable/enable UE-group MWUS by broadcast signalling. On the other hand, there may be variant UEs with or without MWUS UE grouping capability.
· UEs supporting legacy MWUS with no UE grouping
· UEs supporting MWUS with UE-group MWUS enabled

[bookmark: _Hlk521586323][bookmark: _Hlk521251055][bookmark: _Hlk521586392]The system should be able to support UEs with MWUS grouping capability and UEs with legacy MWUS with backward compatibility. For legacy or non-grouping UEs, they only support MWUS but do not have the ability to identify particular UE groups. Accordingly, the system with backward compatibility needs to send different MWUSs monitored by the grouping and non-grouping UEs. The eNB can have separate MWUS for non-grouping UEs and grouping UEs. Alternatively, eNB could configure one MWUS targeting the non-grouping UEs together with partial grouping UEs in the associated PO. 
3. [bookmark: _Hlk510734164]Resource allocation for UE-group MWUS 
[bookmark: _Hlk510734227][bookmark: _Hlk521586684]The candidates for MWUS multiplexing of UE-group MWUSs and legacy MWUS without UE grouping could be FDM/CDM/TDM, as illustrated in Figure 1. The legacy MWUS without UE grouping is shown in Figure 1(a) as a reference, where the transmit power is power boosted on two PRBs using the total power Ptx. By using TDM manner in Figure 1(b), same transmit power, Ptx, is used for multiple MWUSs including those for legacy UEs and group UEs. The MWUS monitored by legacy UEs is not impacted by MWUS UE grouping. The UE-group MWUS is configured by using different starting subframes, separated by the max MWUS duration, L. 
[bookmark: _Hlk520973053][bookmark: _Hlk521312196][bookmark: _Hlk521312202]However, if UE-group MWUS is multiplexed by FDM as illustrated in Figure 1(c), the transmit power, Ptx, may be unable to be power boosted to just one of three MWUSs transmitted simultaneously. Assuming G is the configured number of UE groups, each MWUS has only Ptx/G power and the MWUS duration increases G times, compared with Figure 1(a) and (b). In case of CDM in Figure 1(d), each MWUS has only Ptx/G power and the duration of CDMed MWUS may be further increased due to the inter-group interference based on non-orthogonal sequences, costing G(1+L/L) times of network resources and UE power consumption as well. 
Therefore, the TDM way to multiplex UE-group MWUS and non-UE-group MWUS seems to have better backward compatibility and require less UE power consumption.
[image: ]
Figure 1 FDM/CDM/TDM of UE-group MWUS
Proposal 1: The TDM-based UE-group MWUS is slightly preferred to avoid impact on the configuration of MWUS monitored by legacy UEs not supporting UE group MWUS.

For the other resource configuration, such as MWUS max duration and actual duration, the configuration of UE-group MWUS can be similar to that of legacy MWUS as 
· The maximum MWUS duration (MWUSmax) for each UE-group MWUS is same as that of the legacy MWUS.  
· The actual MWUS duration can be smaller than MWUSmax and aligned with its configured starting subframe relative to the first associated PO.  
· [bookmark: _Hlk521587375]Similar to legacy MWUS, only the BL/CE DL subframes are counted for the MWUSmax and the actual MWUS duration.
· The MWUS for a subgroup of UEs belong to the same associated PO is configured with a common non-zero gap.
· The non-zero gap between the end of max MWUS duration and the associated first PO should be configured based on UE capability.  
· Similar as the gap for legacy MWUS, both the valid and invalid subframes can be counted for the gap.
Proposal 2: The configuration of UE-group MWUS maximum/actual/gap duration is similar as that of legacy MWUS.
4. Spec impact on RAN1/RAN2/MME
The UE grouping is an optional feature for both eNB and UE. The UE capability on whether it supports UE group MWUS should be reported to MME. The UE-group MWUS operation is supported based on eNB’s and UE’s capability.
Proposal 3: The UE-group MWUS operation is supported based on eNB’s and UE’s capability.
For UE-group MWUS, at least we should define the parameters, such as the number of UE groups, UE group ID. The number of UE groups, e.g. G, can target a specific system aspect, such as being cell specific, or narrow band specific. 
· Number of UE groups
[bookmark: _Hlk521312236][bookmark: _Hlk521312252]Even if eNB can support UE grouping, eNB can still turn on/off UE group WUS in SIB for idle UEs. If it is turned off, or equivalently there is no signalling for G, the default value of G is set as 1.  If G=1, all the WUS-capable UEs of the same PO monitor one WUS (i.e., fall back to legacy Rel-15 behaviour). If UE grouping is turned on, G is to be broadcasted in SIB. Considering the tradeoff between the achievable gain and overhead/complexity, up to 4 UE groups are sufficient based on the analysis in [1]. At least, we should allow the flexible configuration of the number of UE groups, e.g., based on the parameters, such as the DRX cycle, the paging probability, the total number of UEs, the number of narrow bands for paging, etc. 
· UE grouping and UE group ID
[bookmark: _Hlk521312265]The key issue to improve the power consumption by using UE-group MWUS is dependent on how to do the UE grouping. Statistically, a larger number of UEs in a subgroup will result in higher possibility of MWUS transmission [1]. If one UE in the subgroup has paging, the corresponding UE-group MWUS will wake up all UEs in this subgroup to monitor the associated MPDCCH(s). The unnecessary wake-up will lead to higher power consumption for other UEs even if no paging is for that UE. The legacy UEs always monitor one MWUS, equivalent to the 1st UE-group MWUS. Further consideration is needed to let eNB balance the number of UEs within each group (e.g., in a manner similar to that developed in Rel-14 for paging in non-anchor carriers).
The group ID of the UE-group MWUS could be implicitly derived, e.g., based on the UE ID, the configured number of the UE groups, the paging parameters (e.g., N, Nn, Ns etc.), and maybe also the percentage of grouping UEs as well. The legacy UEs or non-grouping UEs are not aware of the UE group ID. 
Proposal 4: The number of UE groups and the UE group ID should be defined to support UE-group MWUS.
· Up to 4 UE-group MWUSs can be configured and the number of UE groups is broadcasted in SIB.
· Define UE group ID to balance the UE number per group.
[bookmark: _Hlk521588123][bookmark: _Hlk521312339]The other possible issue would be sequence design for UE-group MWUS. The WUS sequence is a ZC sequence scrambled by a long PN sequence initiated by using the time index of the 1st associated PO. If using TDM, the UE-group MWUSs associated with the same PO is differentiated by using different non-overlapping starting time offset. Although it is possible to reuse same MWUS sequence for UE-group MWUS in orthogonal TDM subframes, the repetition of same MWUS sequence may have less inter-cell interference randomization and may lead to false alarms for some cases of large time drift. Also, the potential overlapping of UE-group MWUSs should be taken into consideration. 
[bookmark: _Hlk521312293][bookmark: _GoBack]Proposal 5: Further study the sequence design for UE-group MWUS considering at least the following aspects:
- Backward compatibility with legacy MWUS without UE grouping
- Interference randomization
- UE-group MWUS overlapping
5. Summary
The proposals made in this contribution are summarized below.
Proposal 1: The TDM-based UE-group MWUS is slightly preferred to avoid impact on the configuration of MWUS monitored by legacy UEs not supporting UE group MWUS.
Proposal 2: The configuration of UE-group MWUS maximum/actual/gap duration is similar as that of legacy MWUS.
Proposal 3: The UE-group MWUS operation is supported based on eNB’s and UE’s capability.
Proposal 4: The number of UE groups and the UE group ID should be defined to support UE-group MWUS.
· Up to 4 UE-group MWUSs can be configured and the number of UE groups is broadcasted in SIB.
· Define UE group ID to balance the UE number per group.
[bookmark: _Hlk521312323]Proposal 5: Further consider the sequence design for UE-group MWUS considering at least the following aspects:
- Backward compatibility with legacy MWUS without UE grouping
- Interference randomization
- UE-group MWUS overlapping
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(c) FDM of MWUS with UE groups of G=3
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