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After RAN1#99 meeting, it has been declared all the Rel-16 RAN1-led WIs as finished from RAN1 perspective. To facilitate the UE features discussion, two email discussions (i.e., 99-NR-UEFeature and 99-LTE-UEFeature) on NR and LTE Rel-16 UE features were initiated to collect companies’ input. 
In this contribution, some further detail discussion for LTE Rel-16 UE features are presented.
Discussions
 LTE_eMTC5
The features that need further discussion mainly in the area of UE group wake-up signaling （MWUS）, preconfigured UL resources (PUR) and multi-TB scheduling.
[bookmark: OLE_LINK1]1) For MWUS, the following agreement has been reached in RAN1#99
Agreement
If legacy WUS is configured as common WUS and all UE groups are only based on UE ID assuming no signaling of paging probability for UE grouping, alternate minimum number of UE groups and keep same number of WUS groups per WUS resource, which is based on

Otherwise, alternate all UE groups per WUS resource together, which is based on

It is noted here that WUS group hopping depends on UE grouping, which is discussed by RAN2 and very likely will be depend on UE capability. Therefore, it is reasonable to add group hopping as a separate UE capability. Note when for UEs support Rel-16 group WUS but not group hopping, if the network configured group WUS with hopping, these UE should fall back to Rel-15 WUS when Rel-15 WUS is configured and  legacy MPDCCH detection when Rel-15 WUS is not configured.
Proposal 1: UE group MWUS hopping shall be a separate UE capability. 

2)  For PUR, the following agreement has been reached in RAN1#99
Agreement
A 1-bit field in the PUR L1 ACK DCI indicates the following:
· ACK 
· UE terminates PUR SS Monitoring
· Fall back indication
· Details on fall back operation is left up to RAN2
· UE terminates PUR SS Monitoring

Therefore without support of PUR L1 ACK the UE will not be able to receive any L1 feedback after PUR transmission, this will severely degrade the performance of PUR. Higher layer feedback can be used,  but this will increase the delay and UE power consumption. It is suggested the support of L1 ACK is mandatory. 
Considering frequency hopping is mandatary for legacy UE and little extra complexity is required to support this feature in PUR transmission, it is suggested that support of frequency hopping in PUR is also mandatary. 
Proposal 2: For eMTC, support of PUR L1 ACK DCI and frequency hopping for PUR is mandatary.
Regarding TA validation, RAN1 support both timer based validation and serving cell RSRP based validation. Considering UE implementation complexity it is suggested to make serving cell RSRP changes based TA validation as separate UE capability. 
Proposal 3: For eMTC, serving cell RSRP changes based TA validation shall be a separate UE capability.

3)  For multiple TB scheduling, scheduling gap is supported for unicast and multicast. If the capability of scheduling gap is created for unicast then it is reasonable to also create this capability component for multicast.
Proposal 4: For eMTC, support of scheduling gap for multiple TB scheduling of SC-MTCH shall be a separate UE capability.
It has been proposed in the email discussion that support of early termination and 64QAM shall also be a separate UE capability for multiple TB scheduling. It is noted these two features are optional UE capability for unicast in rel-15. If an UE support these features for single TB scheduling, there is no extra complexity to support multiple TB scheduling, considering the processing is same. Therefore the support of these feature can be indicated by the legacy capability signaling. 
Proposal 5: For eMTC multiple TB scheduling, support of early termination and 64QAM can be indicated by legacy capability signaling. 

Considering frequency hopping is mandatary for legacy UE and little extra complexity is required to support this feature with multiple TB scheduling, it is suggested that support of frequency hopping in PUR is also mandatary.
[bookmark: _GoBack]Proposal 6: Support of frequency hopping of multiple TB scheduling for unicast is mandatory. 
4) Regarding FG1-8 MPDCCH performance improvement, one proposal from email discussion is to have CSI based mapping as a separate UE capability. However, the support of CSI based precoding has always been mandatory, it is reasonable to assume this for Rel-16 MPDCCH performance improvement.
 Proposal 7: Support of CSI-based mapping is mandatary. 

NB_IOTenh3
The features that need further discussion mainly in the area of UE group wake-up signaling, preconfigured UL resources (PUR) and multi-TB scheduling.
1) For NWUS, the following agreement has been reached in RAN1#99
Agreement
If legacy NWUS is configured as common NWUS and all UE groups are only based on UE ID assuming no signaling of paging probability for UE grouping, alternate minimum number of UE groups and keep same number of NWUS groups per NWUS resource, which is based on

Otherwise, alternate all UE groups per NWUS resource together, which is based on

It is noted here that WUS group hopping depends on UE grouping, which is discussed by RAN2 and very likely will be depend on UE capability. Therefore, it is reasonable to add group hopping as a separate UE capability. Note when for UEs support Rel-16 group WUS but not group hopping, if the network configured group WUS with hopping, these UE should fall back to Rel-15 WUS when Rel-15 WUS is configured and legacy NPDCCH when Rel-15 WUS is not configured.
Proposal 8: UE group NWUS hopping shall be a separate UE capability. 

2)  For PUR, the following agreement has been reached in RAN1#99
Agreement
A 1-bit field in the PUR L1 ACK DCI indicates the following:
· ACK 
· UE terminates PUR SS Monitoring
· Fall back indication
· Details on fall back operation is left up to RAN2
· UE terminates PUR SS Monitoring

Therefore without support of PUR L1 ACK the UE will not be able to receive any L1 feedback after PUR transmission, this will severely degrade the performance of PUR. Higher layer feedback can be used ,  but this will increase the delay and UE power consumption. It is suggested the support of L1 ACK is mandatory.

Proposal 9: For NB-IoT, support of PUR L1 ACK DCI is mandatary.

Regarding TA validation, RAN1 support both timer based validation and serving cell RSRP based validation. Considering UE implementation complexity it is suggested to make serving cell RSRP changes based TA validation as separate UE capability. 
Proposal 10: For NB-IoT, serving cell RSRP changes based TA validation shall be a separate UE capability.

3)  For multiple TB scheduling, scheduling gap is supported for unicast and multicast. If the capability of scheduling gap is created for unicast then it is reasonable to also create this capability component for multicast.

Proposal 11: For NB-IoT, support of scheduling gap for multiple TB scheduling of SC-MTCH shall be a separate UE capability.
 
Regarding interleaving for multiple TB scheduling, it has been discussed in previous RAN1 meeting the complexity associated with operation, therefore it is reasonable to create separate UE capability for this feature.
 
Proposal 12:For NB-IoT multiple TB scheduling, support of interleaving is a separate UE capability. 

LTE DL MIMO efficiency enhancements
For virtual cell ID, the following agreement has been reached in RAN1#96:
Agreement
When a virtual cell ID is configured, eNB has the flexibility to apply the virtual cell ID to
· Only additional SRS symbol(s)
· Or both legacy and additional SRS symbol(s) 
If virtual cell ID is not configured, physical cell ID is used.
Virtual cell ID is a separate feature with additional SRS symbols. We think bullet 1 and 2 in FG 3-2 should be combined. Once UE reports eNB to support this feature, the virtual cell ID can be either used in legacy SRS symbol or used in additional SRS symbols. 
Proposal 13 : Whether virtual cell ID is supported or not is a UE feature, eNB has the flexibility to apply the virtual cell ID to only additional SRS symbol(s) or both legacy and additional SRS symbol(s).    

[5G_V2X_NRSL]
In Rel-16, both NR V2X mode 1 and mode 2 are supported by LTE Uu[2][3]. For mode 1 and mode 2, all transmissions in unicast, groupcast, and broadcast are supported. For CQI/RI measurement in unicast, CSI-RS transmission, reception and CSI feedback are introduced for NR V2X UEs. Considering the UE capability, the features of CSI-RS transmission, reception and CSI feedback should be captured.
Proposal 14: For CQI/RI measurement in unicast, 
· The capability on CSI-RS transmission, i.e., supporting NR sidelink transmission using CSI-RS with 1 or 2 antenna port(s), is supported Per UE, and it is optional with capability signaling. 
· The capability on CSI-RS reception, i.e., supporting NR sidelink reception using CSI-RS with 1 or 2 antenna port(s), is supported Per UE, and it is optional with capability signaling. 
· The capability on CSI feedback, i.e., supporting RI and CQI feedback on sidelink for unicast, is supported Per UE, and it is optional with capability signaling. The prerequisite feature group for this capability is “capability on CSI-RS reception”.
 

Conclusion
In this contribution, proposals on NR Rel-16 UE features are introduced.
 
Proposal 1: UE group MWUS hopping shall be a separate UE capability.
Proposal 2: For eMTC, support of PUR L1 ACK DCI and frequency hopping for PUR is mandatary.
Proposal 3: For eMTC, serving cell RSRP changes based TA validation shall be a separate UE capability.
Proposal 4: For eMTC, support of scheduling gap for multiple TB scheduling of SC-MTCH shall be a separate UE capability.

Proposal 5: For eMTC multiple TB scheduling, support of early termination and 64QAM can be indicated by legacy capability signaling. 
Proposal 6: Support of frequency hopping of multiple TB scheduling for unicast is mandatory.
Proposal 7: Support of CSI-based mapping is mandatary.
Proposal 8: UE group NWUS hopping shall be a separate UE capability. 
Proposal 9: For NB-IoT, support of PUR L1 ACK DCI for PUR is mandatary.
Proposal 10: For NB-IoT, serving cell RSRP changes based TA validation shall be a separate UE capability.
Proposal 11: For NB-IoT, support of scheduling gap for multiple TB scheduling of SC-MTCH shall be a separate UE capability.
Proposal 12:For NB-IoT multiple TB scheduling, support of interleaving is a separate UE capability.  
Proposal 13 : Whether virtual cell ID is supported or not is a UE feature, eNB has the flexibility to apply the virtual cell ID to only additional SRS symbol(s) or both legacy and additional SRS symbol(s).
Proposal 14: For CQI/RI measurement in unicast, 
· The capability on CSI-RS transmission, i.e., supporting NR sidelink transmission using CSI-RS with 1 or 2 antenna port(s), is supported Per UE, and it is optional with capability signaling. 
· The capability on CSI-RS reception, i.e., supporting NR sidelink reception using CSI-RS with 1 or 2 antenna port(s), is supported Per UE, and it is optional with capability signaling. 
· The capability on CSI feedback, i.e., supporting RI and CQI feedback on sidelink for unicast, is supported Per UE, and it is optional with capability signaling. The prerequisite feature group for this capability is “capability on CSI-RS reception”.
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