[bookmark: OLE_LINK1]3GPP TSG RAN WG1 Meeting #95    					               R1-1812406
Spokane, USA, November 12th – 16th, 2018

[bookmark: Source]Agenda Item:	7.2.2.4.3
Source: 	Fujitsu
Title:                  HARQ enhancements for NR-U
Document for:	Discussion/Decision
Introduction
In past RAN1 meetings [1][2], the following agreements were made related to HARQ procedure for NR-U:
Agreements from RAN1#93:
· 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

Agreements from RAN1#94:
· 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 the options of HARQ feedback method for DL in NR-U.
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Feedback for PDSCH from earlier COT(s)
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Fig.1 HARQ Feedback for PDSCH from earlier COT(s)

HARQ feedback for PDSCH from earlier COT(s) can be transmitted either independently or jointly with that for current COT. Fig. 1 shows two types of independent feedback and one type of joint feedback. HARQ feedback based on Rel-15 NR is shown in Fig. 1(a). The UE feedbacks the HARQ A/N for slots #5 and #6 at the timing indicated by the DCI scheduling the corresponding PDSCH, where the indicated timing for HARQ feedback and the transmission of the scheduling DCI are in different COTs. Due to the constraint of LBT, the feedback timing determined/indicated in earlier COT may pose a stringent limitation on the scheduling of current COT. To resolve such a problem, a triggering DCI can be used for determining the transmission timing of HARQ A/N for the PDSCH(s) in previous COT, as shown in Fig. 1(b). The transmission timing of triggered HARQ A/N is indicated by PDSCH-to-HARQ-timing-indicator in the triggering DCI instead of that in the scheduling DCI for the corresponding PDSCH. A new indicator can be added in the DCI scheduling a PDSCH to notify a UE whether or not the HARQ feedback timing for the PDSCH is determined by PDSCH-to-HARQ-timing-indicator in the same DCI. Alternatively, a specific value of PDSCH-to-HARQ-timing-indicator can be used to indicate that the feedback timing is to be indicated later. 
As shown in Fig. 1(c), the HARQ feedback corresponding to PDSCH(s) in previous COT can also be transmitted jointly in the same codebook for PDSCH(s) in current COT. In this case, the DCI scheduling the PDSCH in current COT can serve the triggering function for HARQ feedback for previous COT. Similar to the case of Fig. 1(b), either a new DCI field or a specific value of PDSCH-to-HARQ-timing-indicator can be used to notify a UE that the feedback timing is not determined by this DCI. From UE perspective, all of these three types of feedback can be enabled simultaneously.


Proposal 1: Either a new DCI field or a specific value of PDSCH-to-HARQ-timing-indicator can be used to notify the UE that the feedback timing is not determined by current DCI.

Proposal 2: NR-U should support triggered feedback for PDSCH from earlier COTs, i.e. Alt 1 in previous agreements. The HARQ A/N from earlier COT(s) can be transmitted by either independent HARQ A/N codebook or joint HARQ A/N codebook with that from current COT.


Multiple opportunities for HARQ A/N transmission
[bookmark: _GoBack]It has been agreed in RAN1#93 that it is beneficial to provide multiple transmission opportunities for HARQ A/N to mitigate the negative impact of LBT. Triggering feedback multiple times by transmitting multiple DCIs is a straightforward and effect way to provide multiple opportunities in time domain. Due to miss detection at the gNB side or LBT failure at the UE side, the gNB may need to request occasionally the transmission of the second last HARQ A/N codebook in addition to the latest one. One option is to use additional control information to indicate whether or not to concatenate previous failed codebook with the latest one. Another option is to attach an ID for each codebook and trigger separately the transmissions for each codebook.


Proposal 3: Multiple opportunities for HARQ A/N transmission in time domain can be achieved by simply transmitting multiple triggered DCIs. Concatenated codebook or separate codebook can be further studied for the case that previous failed codebook in addition to the latest codebook needs to be feedbacked.


Conclusions
In this contribution, we discussed HARQ enhancements for NR-U DL. Based on the above discussion, we have following proposals,
Proposal 1: Either a new DCI field or a specific value of PDSCH-to-HARQ-timing-indicator can be used to notify the UE that the feedback timing is not determined by current DCI.

Proposal 2: NR-U should support triggered feedback for PDSCH from earlier COTs, i.e. Alt 1 in previous agreements. The HARQ A/N from earlier COT(s) can be transmitted by either independent HARQ A/N codebook or joint HARQ A/N codebook with that from current COT.

Proposal 3: Multiple opportunities for HARQ A/N transmission in time domain can be achieved by simply transmitting multiple triggered DCIs. Concatenated codebook or separate codebook can be further studied for the case that previous failed codebook in addition to the latest codebook needs to be feedbacked.
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