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Introduction
A new WI on NR-U has been approved in RAN#82, based on the TR38.889 from the SI [1][2]. In this contribution, we discuss scheduling/HARQ enhancements for NR-U regarding the following agreements captured in TR38.889,   
It is beneficial to be able to support transmissions (e.g. CSI reporting or SRS, or other PUSCH, or CSI-RS, or other PDSCH) in the time between one DL data transmission for a UE and the corresponding UL transmission of DL HARQ feedback for the same UE within a shared COT. Potential enhancements for such type of operation, e.g. by possibly pre-configured or pre-determined uplink transmissions for reducing signaling overhead for these transmissions, may be beneficial.
However, 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. Introduce signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later.
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.
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
NR-U should support both the HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy and HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. 
To support HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy, the following 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
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.
This submission is updated/revised from [3]. In RAN1 AH#1901, the following new agreements was made,
Agreement:
· RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result
Conclusion:
· No additional value of K1 signaled by PDSCH-to-HARQ-timing-indicator needs to be introduced for the purpose of requesting feedback outside the COT (i.e. Alt3 in TR38.889 section 7.2.1.3.3)
· Further discuss the details for determining the LBT type for the UE transmission of HARQ A/N feedback for this case
· Further discuss whether additional values need to be introduced for the purpose of requesting feedback inside the COT
· If additional values are introduced these can also be used for requesting feedback outside the COT
· Note: This does not necessitate that the UE needs to know whether the feedback is inside or outside the COT at the time when the feedback is requested
Agreement:
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
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Fig.1 HARQ Feedback for PDSCH from earlier COT(s)

It has been agreed to support that a gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ. The feedback for PDSCH from earlier COT(s) could be triggered by a scheduling DCI for PDSCH in current COT or an independent DCI without scheduling any PDSCH. Both type of triggering can be done by using a window ID. As in Fig. 1, the window ID is used to indicate a group of PDSCHs for which the HARQ feedback are included in the same codebook. To align the understanding of HARQ codebook size between the gNB and the UE, the window ID of the triggered feedback for earlier COT(s) and the window ID of the scheduled PDSCH need to be indicated explicitly in the DCI.
In addition, a value “X” signaled by PDSCH-to-HARQ-timing-indicator can be used to indicate that the exact HARQ feedback timing is not provided by current DCI. The HARQ feedback timing of those PDSCHs without explicit indication in the scheduling DCI can just follow the feedback timing for the PDSCH in the same window. Feedback for PDSCH from earlier COT is triggered by explicit indication in the DCI. In Fig.1, the HARQ feedback for PDSCHs in Window#0 and Window#1 is triggered by the scheduling DCIs for PDSCHs in Window#2. A bitmap for the windows can be used to indicate the HARQ feedbacks for PDSCHs from earlier COT(s).
To enhance the scheduling flexibility of HARQ feedback, it is desirable to define a UE-specific DCI not scheduling PDSCH nor PUSCH for requesting HARQ feedback from earlier COT. By reusing the PUCCH resources for requested HARQ feedback by this DCI can be indicated by simply reusing PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator in the DCI scheduling PDSCH.

Proposal 1: To support cross-COT HARQ feedback, a window ID is used to indicate which group the scheduled PDSCH belongs to in terms of HARQ feedback timing. 
· HARQ feedback for PDSCHs in a same window is included in a same codebook by default. 
· HARQ feedback for PDSCHs from earlier COTs is triggered by explicit indication of the window in the DCI.

Proposal 2: In addition to the DCI scheduling a PDSCH, a new UE-specific DCI not scheduling PDSCH nor PUSCH is defined for requesting HARQ feedback. The new DCI contains window ID, PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator.


According to ETSI EN 301 893, a DL burst may last up to 6ms. In case of SCS of 30kHz or 60kHz, more than 10 full/partial slots can be included in the DL burst. To maintain the scheduling flexibility of the gNB, it is desirable to allow dynamic indication of a K1 value from more than 10 candidates. Therefore, the PDSCH-to-HARQ-timing-indicator field should be extended from 3 bits as defined in Rel-15.

Proposal 3: NR-U supports a dynamic indication of a K1 value from more than 10 candidates by increasing the number of bits for PDSCH-to-HARQ-timing-indicator field.

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Two-stage grant
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38]For the case of COT self-contain uplink scheduling in the unlicensed band, the PUSCH preparation time limits the flexibility of COT sharing. A UL transmission cannot be scheduled to share an eNB/gNB initiated COT if the PUSCH preparation time is not satisfied. In LTE eLAA, two-stage grant was introduced as an enhancement to grant-based PUSCH. The first-stage grant provides the scheduling information for PUSCH preparation in an earlier COT. The second-stage grant triggers the prepared PUSCH transmitted in the current COT. This mechanism enables PUSCH to be transmitted in an earlier time in a shared COT after a short DL burst.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42]The same issue also exists in NR, the minimum PDSCH duration could be 3 symbols, but PUSCH preparation time N2 for capability 1 UE is 10 symbols for 15kHz, 12 symbols for 30kHz, 23 symbols for 60kHz, this also limit a DL burst shorter than N2 cannot sharing the MCOT with PUSCH, even though a short DL burst will remain a lot of resources in a MCOT since a CAT4 LBT operation could at least acquire a 2ms duration MCOT, an example is shown in Fig.2. Therefore, two-stage grant mechanism also need to be supported in NR-U to mitigate this limitation, as Fig.3. Further, two-stage grant is not precluded to applied in one COT, for example, gNB can either trigger the PUSCH transmission when there are remaining resources in the first-stage grant transmitted COT, or trigger it in another COT when there is no enough resource in current COT based on the dynamic scheduling decision.


[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Fig.2 An example that a short DL burst fails to share COT with PUSCH due to N2 time limitation


Fig.3 Two-stage grant enables a short DL burst share COT with PUSCH

[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]In last RAN1 meeting , with intent to provide enough processing time for the HARQ feedback which is transmitted in a shared COT with the corresponding PDSCH, it was identified as beneficial to support UL/DL transmissions occupying the time after the PDSCH. This transmission could be a two-stage grant PUSCH, when a PUSCH has been already prepared by UE after received the first-stage grant, gNB can trigger it to be transmitted whenever needed regardless of the N2 time limitation. As shown in Fig. 4, PUSCH transmission is triggered after a PDSCH to occupy the channel so that HARQ feedback of the PDSCH is able to be transmitted in the shared COT. 


 
Fig. 4 Triggered PUSCH between PDSCH and corresponding HARQ feedback in a shared COT

[bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK118]Proposal 4: NR-U supports two-stage grant mechanism.


Conclusions
In this contribution, we discussed scheduling/HARQ enhancements for NR-U. The proposals and observations are summarized as follow,

Proposal 1: To support cross-COT HARQ feedback, a window ID is used to indicate which group the scheduled PDSCH belongs to in terms of HARQ feedback timing. 
· HARQ feedback for PDSCHs in a same window is included in a same codebook by default. 
· HARQ feedback for PDSCHs from earlier COTs is triggered by explicit indication of the window in the DCI.

Proposal 2: In addition to the DCI scheduling a PDSCH, a new UE-specific DCI not scheduling PDSCH nor PUSCH is defined for requesting HARQ feedback. The new DCI contains window ID, PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator.

Proposal 3: NR-U supports a dynamic indication of a K1 value from more than 10 candidates by increasing the number of bits for PDSCH-to-HARQ-timing-indicator field.

Proposal 4: NR-U supports two-stage grant mechanism.
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