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1 Introduction
At the last RAN1 #93 meeting, the following was agreed:
	Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial

· Strive to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required

· Mechanisms to support this need to be identified

· It is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted

· Mechanisms to support this need to be identified

Agreement:
· Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial

· Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities

Agreement:
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified

· When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes

Agreement:
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 

· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U


In this document, we present further views on the HARQ/scheduling design for NR-U. 
2 HARQ enhancements for NR-U
NR-U operation is different from NR in that the channel is shared using predefined channel access procedures. Therefore, it is not entirely under the control of the base station when a channel can be accessed. As a consequence, semi-static and periodic transmission of channels and signals is generally inferior to dynamic and aperiodic scheduling. While NR supports many semi-static and periodic configurations, it has also been designed from the onset to be very flexible and dynamic. For instance, while semi-static TDD UL/DL configurations are supported, NR can also operate in TDD spectrum without any semi-static UL/DL configuration. In the latter case, the UE either follows the DCI to determine whether a given slot is deemed UL or DL; alternatively, the GC-PDCCH can be used to inform UEs about the slot format in a broadcast fashion. Using a broadcast signal such as the GC-PDCCH means a UE has knowledge about the slot format even when it is not scheduled by DCI for that slot. This means, for example, the UE can go to micro-sleep and need not monitor for possible PDCCH candidates in UL slots. Hence, the fully specified GC-PDCCH of Rel. 15 can be used in NR-U to avoid semi-static TDD UL/DL configurations and to harness additional benefits such as UE power savings. 
Proposal 1: NR-U supports GC-PDCCH in unlicensed spectrum 

In licensed bands, a DTX event occurs if a gNB does not receive a scheduled HARQ A/N transmission. Generally, DTX is a result of disadvantageous channel conditions in either the UL or DL. For example, a UE may not transmit HARQ A/N because it did not successfully receive the corresponding PDCCH. Similarly, the UE may have transmitted a HARQ A/N in the UL, but the gNB receiver is not able to decode it. 
In unlicensed bands, DTX may additionally occur because of a negative clear channel assessment in slots where the UE was scheduled to send its HARQ A/N. Since DTX events at the base station result in retransmissions by the gNB, the efficiency of NR-U suffers if HARQ A/N is not received reliably. 

To address this issue, a multitude of HARQ A/N resources could be signaled to the UE and DTX is only declared if the gNB does not receive HARQ A/N on any of the configured resources. The exact signaling details would depend on whether a semi-static on dynamic HARQ codebook is assumed. Furthermore, the additional HARQ A/N resources could be multiplexed in the time as well as frequency domain. 
Proposal 2: A multitude of HARQ A/N resources can be signaled to the UE 
· DTX is only declared if the gNB does not receive HARQ A/N on any of the configured resources
· Exact signaling details depend on whether a semi-static on dynamic HARQ codebook is assumed
· Additional HARQ A/N resources can be multiplexed in the time as well as frequency domain
One of the new concepts introduced in Rel. 15 is that of BWP. Currently, BWP activation is based on RRC signaling, DCI indication, or expiration of timers. For efficient NR-U operation, BWP activation based on CCA events may be a powerful tool. A UE may be configured with several BWPs for UL transmission and DL reception. On which BWP a DL or UL transmission will actually happen thereby depends on the outcome of the clear channel assessment. Such a design would increase the transmission opportunities in both the UL and DL and thereby reduce latency. RAN4 would probably have to revisit Rel. 15 transition times which may be too conservative for efficient NR-U operation. 
Proposal 3: A UE may be configured with several BWPs for UL transmission and DL reception. On which BWP a DL or UL transmission will actually happen depends on the outcome of the clear channel assessment.
In addition to enhancements to existing NR Rel. 15 features, there are also a number of features that were proposed and extensively discussed in Rel. 15 but eventually not specified due to time pressure to freeze the ASN.1. 
Fast channel access mechanisms, such as L1 based (de)activation of SCells in CA or CSI measurements on deactivated BWPs allow for faster and more efficient channel access and should be studied as part of the NR-U study item.

Carriers without SS block transmissions are beneficial in unlicensed spectrum to remove interference and possible contention during clear channel assessment. Carrier selection and RRM on carriers without SS block transmissions should therefore be enhanced during the NR-U study item.
NR Rel. 15 only supports TB repetition across multiple slots. For NR-U, however, it may be beneficial to allow scheduling multiple slots/TBs with a single PDCCH.
Proposal 4: The following Rel. 15 concepts should be enhanced for NR-U operation
· L1 based (de)activation of SCells in CA and CSI measurements on deactivated BWP to allow for faster and more efficient channel access 

· Carrier selection and RRM on carriers without SS block transmissions 
· Multi-slots/TB scheduling
3 Conclusion

In this document, we presented further views on the HARQ/scheduling design for NR-U. The following are the proposals:
Proposal 1: NR-U supports GC-PDCCH in unlicensed spectrum 

Proposal 2: A multitude of HARQ A/N resources can be signaled to the UE 
· DTX is only declared if the gNB does not receive HARQ A/N on any of the configured resources
· Exact signaling details depend on whether a semi-static on dynamic HARQ codebook is assumed
· Additional HARQ A/N resources can be multiplexed in the time as well as frequency domain
Proposal 3: A UE may be configured with several BWPs for UL transmission and DL reception. On which BWP a DL or UL transmission will actually happen depends on the outcome of the clear channel assessment.
Proposal 4: The following Rel. 15 concepts should be enhanced for NR-U operation

· L1 based (de)activation of SCells in CA and CSI measurements on deactivated BWP to allow for faster and more efficient channel access 

· Carrier selection and RRM on carriers without SS block transmissions 
· Multi-slots/TB scheduling
