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1 Introduction
The contribution is a revision of R1-1808545.
In RAN1#94 meeting, regarding NR-based access to unlicensed spectrum, the HARQ transmission enhancement was extensively discussed. The related agreements made in [1] are listed below.
Agreement: 
· NR-U should support both:

· HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy

· It is found beneficial to extend the PDSCH-to-HARQ-timing to support indicating timings up to the end of the longest COT allowed by regulations, one or more of the following would be needed:
· Allow values larger than 15 by RRC signaling (FFS the largest value needed)
· Note: in some cases this may point outside of the COT
· Allow more bits for the PDSCH-to-HARQ-timing-indicator
· HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. These possible candidate solutions can be considered:

· Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s)

· Alt2: UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger

· Alt3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
· Note: the alternatives above are at least applicable for the case where there is no HARQ feedback expected in the same channel occupancy as the PDSCH
· Study the impact of the above candidate solutions on the HARQ codebook
In this contribution, we discuss HARQ-ACK transmission issues and present our views. 
2 Discussion
2.1 HARQ-ACK Transmission Opportunities and Triggering

As mentioned above, there are five deployment scenarios for NR access to unlicensed spectrum. In some scenarios, e.g., NR CA between PCell on licensed band and SCell on unlicensed band, and an NR cell with DL on unlicensed band and UL on licensed band, HARQ-ACK feedback corresponding to PDSCH transmission can be transmitted on the licensed carrier. The benefit in the two scenarios is its HARQ-ACK transmission can be guaranteed on the dynamically indicated or predetermined slot due to no need to perform LBT on licensed carrier. 
On the other hand, since Rel-13 Carrier Aggregation WI, one SCell can be configured to transmit PUCCH in addition to the PCell PUCCH. From the standard point of view, existing standard has already supported PUCCH transmissions on two serving cells. Therefore, it is straightforward and reasonable to extend the two-PUCCH mechanism to the scenario of NR CA between PCell on licensed band and SCell on unlicensed band. In this way, for this NR LAA scenario, one PUCCH is always transmitted on NR PCell in licensed spectrum and another PUCCH is opportunistically transmitted on NR SCell in unlicensed spectrum.
Supporting PUCCH on LAA SCell can also offload some UCI transmission from licensed spectrum to unlicensed spectrum. In this way, the problem of heavy load on PCell PUCCH can be solved to some extent. This is especially true considering the amount of unlicensed spectrum can be much larger than that of licensed carrier. For example, in a certain case, only one licensed carrier is aggregated with more than four unlicensed carriers. UCI transmission on unlicensed spectrum can be considered to alleviate the load of the licensed carrier.
In addition, considering the two dual-connectivity scenarios, i.e., the dual-connectivity between LTE PCell on licensed band and NR pSCell on unlicensed band, and the dual-connectivity between NR PCell on licensed band and NR pSCell on unlicensed band, two-PUCCH transmission has to be supported. In this way, one PUCCH is transmitted on PCell to LTE MeNB or NR MgNB and another PUCCH is transmitted on pSCell to NR SgNB.
Regarding the standalone NR-U deployment, the PUCCH is inevitably transmitted on unlicensed carrier. 

To summarize, except the scenario of an NR cell with DL in unlicensed spectrum and UL in licensed spectrum, all the NR-U scenarios need to support HARQ-ACK transmission on unlicensed carrier. 

When HARQ-ACK feedback is to be transmitted on unlicensed carrier, LBT (listen-before-talk) is needed before the HARQ-ACK transmission. If and only if LBT is successful, then UE can start HARQ-ACK transmission; otherwise, UE has to give up the HARQ-ACK transmission. If the UE fails to transmit HARQ-ACK feedback due to LBT failure, then the corresponding PDSCHs have to be retransmitted since gNB has no knowledge about the decoding results of the PDSCHs at UE side. Additionally, HARQ-ACK transmission on unlicensed carrier suffers potential interference from hidden nodes. Even if UE has successfully transmitted the HARQ feedback, there are still possibilities that the gNB may fail to decode it. From gNB’s perspective, if the gNB fails to detect HARQ-ACK feedback in the predefined HARQ-ACK feedback timing, then the gNB will have to assume NACK and retransmit all the corresponding PDSCHs. Both LBT failure and hidden node problem may lead to unnecessary DL retransmission and DL performance degradation due to failed HARQ-ACK reception at gNB side.

As mentioned in Section 1, gNB-triggered HARQ-ACK reporting provides extra transmission opportunities for HARQ-ACK feedback. When one HARQ-ACK feedback is not correctly decoded by gNB due to either LBT failure or hidden node interference, gNB can trigger retransmission of the HARQ-ACK feedback by a dedicated DCI or a DL grant/UL grant. One example is shown in Figure 1. The first transmission of the HARQ-ACK corresponding to the five DL transmissions is failed, then gNB sends the triggering DCI in a following DL slot to trigger the retransmission of the HARQ-ACK feedback in an indicated UL slot. 
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Figure 1: gNB-triggered HARQ-ACK retransmission

On the other hand, for NR-U, RAN1 strives for transmitting HARQ-ACK feedback corresponding to the DL transmission in the same COT. This is also called “self-contained COT”, i.e., DL transmissions and corresponding HARQ-ACK feedback are transmitted in same COT. This self-contained COT can guarantee fast HARQ-ACK feedback because one-shot LBT with 25us is needed for UE to perform LBT before transmitting HARQ-ACK feedback. For HARQ-ACK feedback outside of gNB-acquired COT, UE has to perform LBT Cat.4 before transmitting HARQ-ACK feedback. In this case, UL HARQ-ACK feedback may lose the transmission opportunity in the slot indicated by 3-bit PDSCH-to-HARQ_timing indicator in DCI. This case is similar to Figure 1 and gNB can trigger the retransmission of the HARQ-ACK feedback. However, considering UE processing capability, not all the DL transmissions can be responded with HARQ-ACK feedback especially for the last several DL transmissions within the COT. As a result, the HARQ-ACK feedback corresponding to those DL transmissions has to be transmitted outside of the current COT. This case is shown in Figure 2 as one example. In Figure 2, due to restriction of UE processing capability, the HARQ-ACK feedback corresponding to the last two DL transmissions cannot be transmitted in the end of the COT. At same moment, the gNB cannot predict when the next COT is started and therefore at the time of the DL transmission it cannot schedule the transmission of the HARQ-ACK feedback corresponding to those two DL transmission as shown in Figure 2. Therefore, gNB has to suspend the UE’s HARQ-ACK transmission in those two DL transmissions, and triggers the HARQ-ACK transmission in a following slot. In this case, gNB triggers the initial transmission of one HARQ-ACK codebook.
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Figure 2: gNB-triggered HARQ-ACK reporting

Furthermore, if HARQ-ACK cannot be transmitted to gNB due to failed LBT, DL performance loss will happen. In order to avoid this problem, it is better to allow multiple opportunities for a UE to transmit one HARQ-ACK feedback. For each transmission opportunity, the UE shall perform LBT for fair coexistence with other wireless systems. 

Proposal 1: One HARQ-ACK feedback is allowed to have multiple transmission opportunities on unlicensed carrier.
Proposal 2: HARQ-ACK retransmission can be triggered by a gNB if the HARQ-ACK feedback is not correctly decoded by the gNB. 

Proposal 3: HARQ-ACK reporting can be triggered if the HARQ-ACK feedback cannot be transmitted in the same COT with corresponding PDSCH(s).

2.2 HARQ-ACK Codebook Determination

In Rel-15 NR, there are two types of HARQ-ACK codebook determination. 
· One is semi-static HARQ-ACK codebook determination based on a RRC configured set of K1 timing values, semi-static UL/DL configurations and maximum number of non-overlapped PDSCH candidate occasions per slot per cell. Based on the above factors, semi-static HARQ-ACK codebook determination leads to a relatively large HARQ-ACK codebook. The main benefit is there is no misunderstanding between gNB and UE on the HARQ-ACK codebook.

· The other is dynamic HARQ-ACK codebook determination based on counter DAI and total DAI. Compared to semi-static HARQ-ACK codebook determination, dynamic HARQ-ACK codebook determination can bring less HARQ-ACK overhead. However, the problem for dynamic codebook size determination is how to synchronize the understanding between gNB and UE when some PDCCH(s) for scheduling PDSCH(s) are missed. With the help of counter DAI and total DAI, UE can know which PDSCH is missed and pad a NACK bit for the identified missed DL transmission.

Proposal 4: Both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook are supported for NR-U. 

2.3 Multi-slot Uplink Scheduling

In LTE Rel-14 eLAA, to improve transmission efficiency and reduce DCI overhead, multi-subframe scheduling with different TB per subframe is specified. With multi-subframe scheduling in eLAA, a single UL grant can schedule a UE to transmit maximum 4 PUSCHs in maximum 4 consecutive UL subframes without any transmission gap. There are two UL grant formats for eLAA multi-subframe scheduling, DCI format 0B/4B, defined for single-codeword transmission and two-codeword transmission, respectively. This scheme can be reused for NR-U as a starting point.
Additionally, based on the learning of LTE Rel-14 eLAA, time-contiguous uplink transmission without gap is suitable for unlicensed spectrum. If the time domain resource allocation is not contiguous in the multiple scheduled slots, then LBT is needed for each slot. That means that any transmission gap between two contiguous slots bears the risk of ‘losing’ the channel to another node that sensed the channel to be idle in such a gap and henceforth started its own transmission. So only time contiguous transmission is supported for UL multi-TTI scheduling. 

Proposal 5: Only time-contiguous transmission is allowed for UL multi-TTI scheduling.
3 Conclusion

In this contribution, we focus on the HARQ-ACK transmission issues and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: One HARQ-ACK feedback is allowed to have multiple transmission opportunities on unlicensed carrier.
Proposal 2: HARQ-ACK retransmission can be triggered by a gNB if the HARQ-ACK feedback is not correctly decoded by the gNB. 

Proposal 3: HARQ-ACK reporting can be triggered if the HARQ-ACK feedback cannot be transmitted in the same COT with corresponding PDSCH(s).

Proposal 4: Both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook are supported for NR-U. 

Proposal 5: Only time-contiguous transmission is allowed for UL multi-TTI scheduling.
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