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Discussion and decision
1 Introduction
In RAN1#94 meeting, there are following agreements on UE-group WUS for eMTC [1]: 
Agreement
UE-group WUSs are only multiplexed in the same NB as associated PO

· FFS TDM/FDM/CDM for UE-group MWUS multiplexing
Agreement

· UE-group MWUS is supported based on eNB’s and UE’s capability.

· Whether the network supports UE-group MWUS is done by higher layer signalling.

· FFS: The number of UE groups is configured by SIB.

· Note that the UE-group MWUS is UE optional
Agreement
Rel-16 UE-group MWUS sequence should consider at least

· Fallback to legacy UE behavior

· Inter-cell interference randomization

· UE group ID for different UE-group MWUS

· Reuse of Rel-15 sequences is not precluded

· Effect of sequence detection on UE complexity
Agreement

Study the RAN1 consequence of UE-grouping on the following basis:
· UE ID

· Coverage

· DRX/eDRX

· Gap configuration

· Services
In this contribution, support of UE group WUS is discussed, including multiplexing scheme, UE-grouping basis and group-common WUS. 
2 Discussion

In Rel-15, WUS was introduced to reduce UE power consumption. WUS is transmitted before the associated PO if MPDCCH for paging is transmitted.  WUS and its associated PO are in the same paging narrowband. Two PRBs within the paging narrowband are configured in SI for WUS transmission. 
2.1 Multiplexing Scheme
Different frequency location or time location of WUS transmission or different WUS sequence can be used to indicate sub-group of UEs. 
· Option 1: FDM
Since there are leftover 4 PRBs in the same paging narrow band, it is possible to further divide the UEs associated to one POs into to sub-groups, and use the different PRBs to transmit WUS for each sub-groups. Shown as Figure 1, eNB can transmit WUS to wake up legacy UEs, and additional WUS to wake up sub-group of UEs. UE supports this feature can only monitor for WUS for sub-group of UEs. Other configurations in Rel-15 for WUS can be reused. There is no increase of UE complexity for WUS monitoring. The disadvantage is that, eNB need to transmit two WUS sequence (legacy and new WUS) if eNB doesn’t know if UE support WUS or not. In addition, on one paging narrowband, only support 2 sub-groups can be supported if 2 PRBs are used for each WUS. In order to support more sub-groups, 1 PRB can be considered for WUS for sub-group of UEs and up to 4 sub-groups can be supported. In order to achieve same performance WUS with 2 PRBs, double transmission duration of WUS can be configured.  Since MTC WUS is 2 PRB WUS with the NB-IoT WUS repeated, it doesn’t expect to increase UE complexity of WUS detection with 1 PRB. 

Proposal #1: FDM manner can be considered for UE-group WUS. 

· The other 4 PRBs in the same paging narrowband can be used to transmit WUS for sub-group of UEs associated with one PO. 

· 1 PRB WUS can be considered to support up to 4 sub-groups of UEs.  
· The UE that supports sub-group of WUS only monitors WUS for its sub-group if configured by eNB. 
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Figure 1
· Option 2: TDM
Different time domain resource can be used to transmit WUS to wake up sub-group of UEs associated with one PO. In order to be possible to ensure the max WUS transmission duration, WUS can be transmitted X subframes before the starting subframe of legacy WUS, where X is m*max WUS duration, and m is determinated by the sub-group index. For example as Figure 2, the UE that belongs to sub-group #1 needs to wake up earlier before starting subframe for legacy WUS if two sub-groups are supported. That is, UE needs to stay in “IDLE mode” waiting for MPDCCH detection for longer time compared with FDM manner. On the other hand, as discussed in Rel-15, using more time domain resource will increase the blocking rate of transmitting PO, since MPDCCH for paging will always occupy all 6 PRBs in paging narrow band. It will be harmful for the system. Therefore, TDM manner is not preferred for UE-group WUS for eMTC.
Proposal #2: TDM is not considered for UE-group WUS.   
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Figure 2
· Option 3: CDM
Different sequence can be used for different sub-group of WUS when same time/frequency resource is used.  However, since legacy WUS transmits for legacy UEs, it is better to not share same resource with legacy UE. Otherwise, the detection performance will be degraded. Different PRBs can be used as Option 1. Similarly, on one time/frequency resource, it is better to transmit one WUS sequence. UE can monitor legacy WUS on different PRBs and sub-group WUS in the same time. However, as discussed above, it will increase UE complexity. Alternatively, one WUS sequence can be introduced to wake all the UEs up if more than one sub-group UEs needs to be wake up for that PO. UE can detect for two sequences on the same PRB. It is not expected to increase UE complexity much if different cyclic shift of ZC sequence are used.  However, compared with option 1 (FDM manner), the only benefit may be more sub-group of UEs can be supported. On the other hand, to support more sub-groups with CDM manner will degrade the detection performance.

Proposal #3: Only if more sub-groups is necessary (e.g., >4), CDM can be considered if the performance is verified.   
2.2 UE-grouping Basis
In Rel-15, WUS can be transparently partitioned into maximum 3 UE-groups based on three types of gap configuration, i.e., corresponding to Gap-DRX, Gap-eDRX-short and Gap-eDRX-long respectively. Among the three types of gap configuration, one is for DRX UE and the other two are for eDRX UE with different capability of gap. This means, UE-grouping based on DRX/eDRX and gap configuration have been transparently supported for Rel-15 WUS. The transparent UE-grouping basis in Rel-15 WUS, i.e., three types of gap configuration, can be reused for Rel-16 UE-group WUS. Further UE-grouping based on the three types of gap configuration can be considered, e.g., each type of gap configuration corresponds to multiple UE-group WUSs. Assuming maximum 4 UE-groups for each type of gap configuration, there are a total of 12 UE-groups for Rel-16 WUS.  The combination of Rel-15 transparent UE-grouping and Rel-16 explicit UE-grouping can provide enough number of UE-groups to reduce the probability of unnecessary wake-up.
Proposal #4: Further UE-grouping based on current three types of gap configuration in Rel-15 can be considered for Rel-16 UE-group WUS.

As agreed in the last RAN1 meeting, the following basis should be studied to achieve RAN1 consequence of UE-grouping: UE ID, coverage, DRX/eDRX, gap configuration, and services. Among the five basises, DRX/eDRX and gap configuration have been transparently supported for Rel-15 WUS, and the two basises needn’t be used for Rel-16 UE-group WUS. Other basis except DRX/eDRX and gap configuration should be considered to get better balance of UE number per UE-group. 
Considering coverage level as UE-grouping basis, one advantage may be that the overall physical resources allocated for UE-group WUS can be reduced if the maximum duration of UE-group WUS is dependent on the corresponding coverage level. But there is also one disadvantage that timely reporting of coverage level in RRC-idle mode is required to track the change of coverage level, especially for the case that coverage level is changed to be larger. Reporting of coverage level in RRC-idle mode will cause additional UE power consumption and system resource consumption for RRC-connection setup to report the changed coverage level. In addition, coverage may be frequently changed between two adjacent levels, i.e., ping-pong phenomenon. In this case, frequent reporting of coverage level should be avoided, and some smart UE behavior can be considered. As a whole, there may be a big cost of UE power consumption and system resource consumption, and much specification effort on UE behavior of reporting coverage level.
Considering services as UE-grouping basis, one problem is that how to determine the service type. One reasonable method is to introduce a dedicated parameter for service type configured by core network. This will cause a specification impact at NAS layer. In addition, PO has transparently support UE-grouping based on different values of UE-specific paging cycles since paging cycle of PO is the minimum value of UE-specific paging cycle configured by core network and default paging cycle broadcasted in system information. If the motivation of taking service type as UE-grouping basis is for grouping UEs with different paging cycles, the benefit will not be as much as expected. 
Considering UE ID as UE-grouping basis, it is a simple and straightforward method, e.g., UE-group ID is determined by IMSI, which can randomly balance the UE number per UE-group. Comparing with coverage level, there is no any reporting and no any misunderstanding of UE-group ID between UE and eNB. Comparing with service type, there is no NAS layer signaling exchange for determination of UE-group ID. As analyzed above, UE-grouping based on UE ID is preferred for Rel-16 UE-group WUS.
Proposal #5: UE-grouping based on UE ID is preferred for UE-group WUS.
2.3 Group-common WUS
For Rel-16 UE-group WUS, when SI is modified, or ETWS/CMAS is indicated, all of UE-group WUSs will be transmitted since RAN initiated paging message needs to be received by all of UEs. If introducing a group-common WUS dedicated for RAN initiated paging message, transmitting all of UE-group WUSs can be replaced with transmitting a group-common WUS. Thus, the resources allocated for UE-group WUSs can be used for other purpose. From the perspective of network, the efficiency of resource utilization can be improved. At UE side, group-common WUS should be firstly monitored, and then the corresponding UE-group WUS will be monitored if group-common WUS is not detected. From the perspective of UE, group-common WUS monitoring may cause additional UE power consumption. Further study is required to conclude whether to introduce a group-common WUS dedicated for RAN initiated paging message.
Proposal #6: Further study whether to introduce a group-common WUS dedicated for RAN initiated paging message.
3 Conclusions
In this contribution, UE-group WUS was discussed, including multiplexing scheme, UE-grouping basis and group-common WUS. Based on the discussion and analysis, following proposals were made:
Proposal #1: FDM manner can be considered for UE-group WUS. 

· The other 4 PRBs in the same paging narrowband can be used to transmit WUS for sub-group of UEs associated with one PO. 

· 1 PRB WUS can be considered to support up to 4 sub-groups of UEs.  
· The UE that supports sub-group of WUS only monitors WUS for its sub-group if configured by eNB. 
Proposal #2: TDM is not considered for UE-group WUS.   
Proposal #3: Only if more sub-groups is necessary (e.g., >4), CDM can be considered if the performance is verified.   
Proposal #4: Further UE-grouping based on current three types of gap configuration in Rel-15 can be considered for Rel-16 UE-group WUS.

Proposal #5: UE-grouping based on UE ID is preferred for UE-group WUS.
Proposal #6: Further study whether to introduce a group-common WUS dedicated for RAN initiated paging message.
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