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1. Introduction
During RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. Before that a NR Study Item [1] dealing with NR-based access to unlicensed spectrum has been approved in RAN plenary #75. In this contribution, we consider potential changes and enhancements needed for HARQ feedback and scheduling for NR unlicensed scenarios. It was agreed in RAN1#92bis to “Study possible enhancements for HARQ operation” [2].
2. Discussion
2.1 UL scheduling
NR unlicensed can be expected to be deployed on small cells due to limitations on the total transmission power as well as on the allowed EIRP. In a small cell, frequently there may be only few UEs active at a time. This means that variations on the DL / UL traffic ratio can be expected to be large to the extent that occasionally a cell may serve effectively only UL traffic or only DL traffic. 
In RAN1#92bis [2], it was agreed to study the support for more than one switching points within a COT. Efficient support for COT with a single switching point needs also to be investigated. Single switching point per COT together with only few scheduled UEs can lead to COT with short DL portion and long contiguous UL portion with each UE scheduled with multiple PUSCHs in the consecutive slots. In Rel-15 NR, multi-slot TTI with different TB per slot is not supported, each PUSCH is scheduled separately, which can present challenges to the capacity of PDCCH in the short DL portion. To reduce the scheduling overhead, we propose to investigate the multi-slot (multi-TB) scheduling with single DCI for PUSCH. Moreover, it has been identified during Rel-15 NR WI, that multi-slot scheduling would be beneficial for cross-numerology scheduling from low SCS to high SCS, but due to lack of time the design didn’t proceed in the R15. This gives even more motivation to introduce multi-slot scheduling in NR and not limited to NR unlicensed only.
When considering the scheduling of LAA uplink, the SI considers also the LAA case of carrier aggregation with a NR cell on the licensed band. In such case, cross-carrier scheduling of unlicensed-band PUSCH from a licensed-band NR cell offers clear benefits, as the inherent uncertainties of unlicensed access are limited only to actual PUSCH transmission and reception. Hence, we see that UL cross-carrier scheduling from a licensed-band NR cell should be supported in NR unlicensed.
Proposal 1: Multi-slot scheduling for PUSCH is investigated.     
2.2 PDSCH HARQ feedback
NR unlicensed SI will address architecture scenarios where NR LAA cell connects with LTE anchor cell on licensed band using Dual-Connectivity or NR cell operates standalone in unlicensed spectrum. In such cases it is not possible to transmit HARQ feedback via licensed band, and HARQ feedback needs to be transmitted over unlicensed spectrum. 
Flexible HARQ feedback determination & timing being defined in NR Release 15 forms the natural baseline for HARQ feedback in NR unlicensed, as it has inbuilt support for highly flexible TDD configurations, and support for self-contained slot operation (depending on the UE capability).
On the other hand, when operating in NR Unlicensed band scenario, channel contention creates additional challenges: channel contention may delay HARQ feedback unpredictably, and hidden node problem and bursty interference may cause occasional HARQ feedback detection failures. We see that latency jitter and system complexity could be minimized if all HARQ feedback can be transmitted in the same shared COT as the associated PDSCHs as channel is likely vacant immediately after a DL burst. This can be seen as a self-contained COT (c.f. self-contained slot). The principle of the self-contained COT is shown in Figure 1. We think that NR unlicensed study item should try to find solutions to support self-contained COT with reasonable UE complexity. However, we also see that self-contained COT imposes aggressive processing time requirements to UE, and we think that also UEs with more modest processing capabilities should be considered. Hence, a preferred solution should be able to accommodate both self-contained COT operation as well as HARQ feedback with more relaxed timing as shown in Figure 2. 
Proposal 2: Strive for a solution that supports both
· all HARQ-ACK feedback is transmitted within in the same shared COT as the associated PDSCHs
· part of HARQ-ACK feedback is associated to PDSCHs transmitted in earlier COT.
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Figure 1. HARQ feedback in self-contained COT.
[image: ][image: ]Figure 2. HARQ feedback across COTs.
One of the challenges of codebook design across multiple COTs is that HARQ feedback timing for ACK reported in following COT is unknown at the time of PDSCH scheduling. Codebook design may be based on HARQ process ID, Rel-15 NR semi-static codebook, or on Rel-14 NR dynamic codebook:
· Codebook based on HARQ process ID obviously solves problems related to multiple COTs, but at price of large codebook size – especially when CBG based transmission and carrier aggregation are used. For example, with 8 CBGs and 16 HARQ processes, 128 bits per cell are transmitted to signal HARQ feedback even for single TB.   
· Rel-14 semi-static codebook results also easily to large codebook size. The semi-static codebook would e.g. need to be dimensioned to cover a range of non-overlapping PDSCH starting positions, possible used to support flexible DL burst starting positions.
· Rel-15 dynamic codebook has flexibly scaling codebook size, and the DAI mechanism can also easily extended to cover situations where HARQ feedback contains ACKs for PDSCHs in multiple COTs, This results in significantly smaller codebook size than the other options.
Proposal 3: Rel-15 dynamic HARQ-ACK codebook is used as a starting point for the HARQ-ACK feedback design. 
On unlicensed band, there is always risk that HARQ feedback transmission is blocked by UE LBT (if UE LBT is required for HARQ feedback) or corrupted by hidden node transmission starting during PUCCH. To efficiently recover from such error cases, we see that a fallback mechanism offering a second opportunity for HARQ feedback transmission is needed. HARQ feedback pulling (i.e. triggering) mechanism can be sufficiently flexible and robust as such fallback and, hence, we see that a mechanism for gNB to pull HARQ feedback from UE should be investigated during SI. As the pulled HARQ-ACK feedback occurs with ambiguous timing relation to the associated PDSCHs, we see that HARQ-ACK codebook based on the HARQ process IDs is a good starting point for investigations on pulled HARQ-ACK feedback.
Proposal 4: Support a mechanism for gNB to pull HARQ-ACK feedback from UE
Proposal 5: HARQ-ACK codebook based on HARQ process ID is used as a starting point for pulled HARQ-ACK feedback design. 


4. Conclusions
In this contribution, we discussed potential changes and enhancements needed for HARQ for NR unlicensed scenarios. Based on the discussion, we make the following observations and proposals:
Proposal 1: Multi-slot scheduling for PUSCH is investigated.     
Proposal 2: Strive for a solution that supports both
· all HARQ-ACK feedback is transmitted within in the same shared COT as the associated PDSCHs
· part of HARQ-ACK feedback is associated to PDSCHs transmitted in earlier COT.
Proposal 3: Rel-15 dynamic HARQ-ACK codebook is used as a starting point for the HARQ-ACK feedback design. 
Proposal 4: Support a mechanism for gNB to pull HARQ-ACK feedback from UE
Proposal 5: HARQ-ACK codebook based on HARQ process ID is used as a starting point for pulled HARQ-ACK feedback design. 
References 
[1] RP-172021, “New SID on NR-based Access to Unlicensed Spectrum”, Qualcomm
[2] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #92bis, 3GPP

image1.emf
   

COT

HARQ-ACK


image2.emf
 PDCCH

 PDSCH

 PUCCH


image3.emf
COT

   

COT

HARQ-ACK

HARQ-ACK


