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Introduction 
The objectives of the NR-U WI [1] include specifying the following for physical layer procedures:
[bookmark: _Hlk532426838]- 	HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
-	Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)
The agreements and conclusions from the SI phase are captured in [4]. In this contribution, we present our views on some of the remaining aspects of HARQ operation. 
HARQ ACK Feedback
NR supports fairly flexible HARQ operation. In both DCI Format 1-0 and DCI Format 1-1 the HARQ ACK delay field (PDSCH-to-HARQ feedback timing indicator which can be up to 3 bits long) can be used to control the location of the ACK. In DCI Format 1-1 the delay values come from a higher layer configured set while for DCI Format 1-0 the delay is from the set {1, 2, .., 8}. This flexibility enables adapting the HARQ ACK feedback to dynamic frame structures. The fast HARQ-ACK feedback helps control the number of HARQ processes that are needed and to adapt to changing interference conditions. NR-U HARQ ACK design should follow similar design but some enhancements are needed due to the nature of unlicensed operation. Some of those enhancements are described in the following sections. 
Multiple A/N opportunities
In NR, the ACKs that are included in a PUCCH/PUSCH are determined based on the configured delay in the DCI for the PDSCH. Hence the ACK for any particular HARQ process has only one opportunity of being sent. Having a single opportunity for ACK feedback may result in not transmitting ACK in many cases due to LBT failures. For example, in Figure 1, if the LBT fails in the first LBT gap, the HARQ ACK feedback for the first two HARQ processes are never sent. To make the system more robust to LBT related failures, it is desirable to have multiple opportunities to send the HARQ ACK feedback. 


[bookmark: _Ref513497040]Figure 1: HARQ ACK Timeline options leveraging the PDSCH to ACK delay field
In RAN1#93, it was agreed that 
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified
· 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

Also, the following agreement was achieved during the SI phase:

Agreement:
Capture the table below in the TR for describing the potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback.
	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

	Alt1: 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)
	Alt1a: request/trigger reporting of HARQ feedback for earlier COT(s) or additional reporting of earlier HARQ feedback without explicit signaling of HARQ process ID, possibly along with other HARQ feedback reports (e.g. for the current COT)

Alt1b: request/trigger reporting for a set of HARQ processes, either for all configured HARQ processes (e.g. group feedback), or for a set of HARQ process IDs or HARQ process ID groups

	Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger 
	UE autonomously reports UCI with additional information about HARQ processes - e.g. corresponding to PDSCH from earlier COT(s) - that are reported in PUSCH [or PUCCH] along with the HARQ-ACK feedback.

	Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
	The UE will attempt reporting at the indicated time and resource (e.g. in a UE-initiated channel occupancy), even if the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB-initiated COT.
	Not a solution if PDSCH-to-HARQ-timing-indicator can only indicate a single value

	Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
	Possible if this is combined with Alt1 or Alt2 or Alt3
	Possible for indicating multiple candidate PUCCH or PUSCH carrying HARQ-ACK feedback

	Alt5: preconfigured/pre-indicated multiple opportunities in time domain
	The UE will attempt reporting at the preconfigured/pre-indicated times and resources (e.g. in a UE-initiated channel occupancy)
	Alt5a: Multiple candidate opportunities by providing multiple timings in PDSCH-to-HARQ-timing-indicator and/or other DCI fields

Alt5b: Multiple candidate slots in a window with size configured by RRC. There could be some activation/deactivation by DCI



We feel multiple time domain opportunities has more impact than multiple opportunities in frequency domain, and should be supported with higher priority. This is mainly because there can be high correlation for LBT outcome across different subbands at the same time, especially the same channel bundling is used. In addition, Alt4 has large UE complexity and specification impact. 
The following was agreed in RAN1-AH-1901:
· 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)
Among the remaining alternatives identified during the SI phase, we feel the following should not be supported:
· Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
· Alt5: preconfigured/pre-indicated multiple opportunities in time domain
For alternative 2, one of the specific solutions proposed was for ACK feedback to be done autonomously at UE at the next ACK opportunity on LBT failure at the first ACK opportunity. Implementing such a solution would then need blind decoding of ACK at gNB with different codebook sizes as gNB cannot distinguish an ACK not being sent by UE due to LBT failure with an ACK being sent but not detected at gNB. There are also other robustness issues associated such as with UE not detecting PDCCHs – for example UE may not identify the next opportunity correctly if it did not detect any PDCCH for the next ACK opportunity. 
For alternative 5, we do not see too much benefit in configuring back to back ACK resources for same ACK feedback as it leads to higher resource reservation overhead at gNB even when there are no LBT related issues and since we don’t expect much improvement in the chances of LBT passing in such back to back resources when it fails on the first resource. Furthermore, the agreed trigger based mechanism solves the LBT related problems adequately making this additional alternative unnecessary.
[bookmark: p1]Proposal 1: Alt 2, Alt4, and Alt 5 identified for multiple opportunities for HARQ A/N transmission are not supported.
In the following sub-sections we provide more details for supporting triggered HARQ-ACK feedback. 
Allowing for indication of larger HARQ-Ack delay
In NR-U operation, in some cases, the gNB needs to create LBT gaps for switches from DL to UL which increases overhead and results in potential loss of access to the medium. To avoid these issues gNB may choose a frame structure that has just one switch from DL to UL. LTE eLAA adopted such a design for example. In this case we may want a larger set of delay values that are supported. For example, DCI Format 1-0 currently supports only delay of 1 to 8 which means that with a SCS of 60KHz, the maximum contiguous DL portion can be at most of the order of 2ms (8 * 0.25ms), which is far smaller than maximum COT size allowed. As another example, consider that a DL burst (consisting of a few slots) is followed by an UL burst. Since UL transmissions are based on one-shot LBT, it is desirable to send the ACK feedback towards end of the UL burst to improve chances of ACK being sent. This also requires using larger HARQ-Ack feedback delay at least for the initial slots in the DL burst.
One obvious choice to solve the problem above is to increase number of bits of the PDSCH-to-HARQ feedback timing indicator (K1) field to a value larger than 3 bits which is currently allowed in Rel. 15. However, this results in constant increase in DCI size, and is not an efficient way of solving the problem. 
The following agreement was achieved in RAN1-AH-1901:
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

In light of the agreement above on a “reserved” value in the RRC parameter dl-DataToUL-ACK that can be signalled by PDSCH-to-HARQ-timing-indicator, we can signal larger HARQ-Ack feedback delay values as follows:
· When a reserved value is not indicated by PDSCH-to-HARQ-timing-indicator field, the interpretation of the DCI fields is the same as Rel. 15.
· When a reserved value is indicated by PDSCH-to-HARQ-timing-indicator field, the PRI field is not used for the purpose of PUCCH resource indication.
· When the value of PRI field is set to a reserved value (e.g. 000), no timing is indicated in the DCI for the transmission of this HARQ A/N feedback (i.e. original purpose of the agreement).
· When the value of the PRI field is not set to the reserved value, the value of PRI is used for indication of HARQ-Ack feedback delay values that are larger than those that are possible to indicate through regular PDSCH-to-HARQ-timing-indicator field.
Note that in both cases above (when a reserved value is indicated by PDSCH-to-HARQ-timing-indicator field), PRI is most likely not useful as its original purpose. In the case of no timing indication, PUCCH resource selection happens at the time of triggering. In the case of extended HARQ-Ack feedback delay, a later DCI pointing to the same slot for transmission of HARQ A/N feedback indicates the PUCCH resource similar to Rel. 15 procedures (this is especially true in this case since HARQ-Ack delay is “extended”).
Figure 2 illustrates the extension of the HARQ-Ack delay as explained above.
[image: ]
Figure 2: Extending the HARQ-Ack feedback delay.
Note that mapping between the PRI value and HARQ-Ack feedback delay in the case above can be based on an additional RRC parameter containing the set of possible extended delay values. 
[bookmark: p2]Proposal 2: Allow for indication of extended HARQ-Ack feedback delay values through PRI field when a reserved value is indicated by PDSCH-to-HARQ-timing-indicator field. The PUCCH resource will be provided by a later DL grant pointing to the same HARQ-Ack transmission time.
HARQ ACK codebook size determination enhancements
NR supports two modes for determining the ACK codebook size – semi-static mode and dynamic mode. 
· In semi-static mode the ACK codebook size is determined based on the maximum number of TBs across cells and PDSCH occasions in time that can be configured to have ACK on the same slot. This mode is more robust to missed and false DCI detections than dynamic mode but comes at the expense of more bits for ACK feedback.
· In dynamic mode the ACK codebook size is determined based on the number of actually received DCIs pointing to the same ACK slot. To make this robust to missed and false DCI detections, a counter DAI and total DAI field is introduced in the DCI.
The following agreement was achieved during RAN1 #96b:
Agreement:
Restrict further discussion on HARQ codebook to the following:
· For dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission
· Semi-static codebook. Options FFS.
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook
· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion

Options 1 and 2 are discussed in more details in Section 2.3.3, but given the additional complexity / specification impact as well as the fact that they are only applicable to dynamic codebook, we do not support option 1 or option 2. On the other hand, one-shot group HARQ Ack feedback is simple, works well as a fallback mechanism, and is applicable to both semi-static and dynamic codebooks.
One-Shot Group HARQ Ack Feedback
As a simple and effective enhancement for transmission of HARQ A/N in NRU, we can have an ACK trigger that causes the UE to transmit the HARQ-ACK bits for all configured HARQ processes, i.e., have a one-shot group HARQ-ACK feedback. This can serve the purpose of both triggering feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback as discussed during the SI phase (Alt 1b). This is shown in the figure below. 


Figure 3: HARQ ACK Timeline with one-shot group HARQ-ACK feedback
It is desirable to support both kind of solutions in NR – one that leverages the NR PDSCH to HARQ ACK delay field as well as one that uses the one-shot group HARQ ACK feedback. Hence, we have the following proposal:
[bookmark: p3]Proposal 3: Introduce the following mechanisms to trigger one-shot group HARQ ACK feedback that contains or potentially contain HARQ-ACK feedback for all configured HARQ processes
· A trigger included in the DL PDSCH grant
· A trigger included in a PUSCH grant
· A separate DCI

A separate DCI could be common DCI triggering feedback for multiple UEs or a UE-specific DCI. Mechanisms to control which HARQ IDs are included in the feedback could be based on a window size included in the DCI (as described in subsequent sections) or a bitmap which indicates which HARQ IDs to include in the feedback.
One of the challenges with the one-shot group HARQ ACK feedback is that gNB and UE may not be in sync on feedback for a particular HARQ ID if UE misses the corresponding PDCCH as is shown in the figure below. 


Figure 4: ACK feedback mis-alignment between gNB and UE for one-shot group HARQ-ACK feedback on PDCCH misdetection
As is seen in the figure, including the HARQ feedback of previous instance of that HARQ-ID in case of PDCCH misdetections leads to mismatch in gNB and UE on the HARQ ACK feedback. One solution for this problem is for UE to report NACK for a HARQ-ID for which it has already reported ACK feedback. However, such a solution doesn’t lend itself to requesting ACK feedback multiple times from the UE in case of HARQ-ACK feedback detection issues at gNB. Including the NDI bits of the HARQ process as part of the HARQ-ACK feedback by the UE solves this problem while also allowing re-request of same HARQ-ACK feedback to address detection issues at gNB. Similarly including the NDI bits in the one-shot group HARQ-ACK request trigger also solves the problem. However, doing this may not be feasible in all cases such as when the trigger in included in the DL/UL grants due to the overhead in the DCI. We thus make the following proposal:
[bookmark: p4]Proposal 4: If the trigger is included in the DL/UL grants, support including NDI bits in the one-shot group HARQ-ACK feedback. If the trigger is a separate DCI, support including NDI bits in the DCI.
CBG level HARQ-ACK feedback was introduced in NR. In NR-U much more variations in the time domain interference are expected and hence this feature is expected to be even more helpful. However, due to the larger payload size one could consider compression schemes to reduce the payload size. 
[bookmark: p5]Proposal 5: The one-shot group HARQ-ACK feedback should also support CBG level HARQ-ACK feedback.
[bookmark: p6]Proposal 6: Introduce compression schemes to reduce the HARQ-ACK feedback overhead for CBG based one-shot group HARQ-ACK feedback.
Semi-Static Codebook
In the current NR design for HARQ ACK codebook size determination, if the supported delays are from {1,2,..,8} the ACK codebook size would be in the order of 8 x #ACK bits for one TB x max number of TB per slot x Number of configured carriers. Now if we increase the number of supported delays, the ACK codebook size would increase significantly. It may not be efficient to always mandate transmission of the larger sized ACK codebook. 


[bookmark: _Ref513498825]Figure 5: Dynamic adaptation of max delay for ACK codebook size determination
To avoid increasing the number of ACK bits in every feedback a new field in the DCI can indicate the max delay to consider for the ACK feedback. As an example, in Figure 5, we show a case where the DCI can indicate the max delay to be either 4 or 8. When things function normally the delay can be set to 4 so HARQ ACK feedback for 4 HARQ processes is included in each UL ACK feedback. However, if an LBT failure occurs the gNB can set the delay to 8 HARQ processes thereby giving a second opportunity for feedback of the HARQ ACK of the first 4 processes. Note that in such a solution UE may be expected to transmit ACK on a slot different from the one indicated by the ACK delay field in the DL grant. The new field may also control such behaviour. For example, it may indicate whether the feedback should include ACK feedback for all detected DL grants that are in the window or only include the detected DL grants that point to this slot. Such a solution thus helps control the ACK overhead while at the same time enables providing multiple opportunities to transmit the ACK.
[bookmark: p7]Proposal 7: Introduce a new field in the DL grant that controls the max delay considered in semi-static HARQ ACK codebook size determination. 
In multi-carrier case where LBT is done independently on each carrier, the NR-U gNB may be able to obtain the medium only on a subset of carriers. Indicating the carriers available for use by the gNB in the DL DCI would help reduce the ACK overhead significantly. We hence make the following proposal:
[bookmark: p8]Proposal 8: Introduce a new field in the DL grant that indicates the carriers to consider for codebook size determination. 
Dynamic Codebook
For dynamic codebook, two options were discussed in the previous meeting. In both options, a group index is explicitly indicated in the DCI. Additionally, option 1 requires the DCI to also indicate one or more PDSCH groups for requesting HARQ-Ack feedback; and option 2 requires indicating a reset indicator, which will result in constant DCI overhead in both options even when requesting additional feedback is not needed.
Furthermore, accumulating / not accumulating C-DAI/T-DAI will result in codebook size mismatch in option 1:
· C-DAI/T-DAI is not accumulated across multiple PDSCH groups: This results in robustness issues in case of missing DCIs. For example, if the last DCI of any PDSCH group among the requested PDSCH groups is missed, the missing DCI cannot be detected through C-DAI, which results in codebook size mismatch.
· C-DAI/T-DAI is always accumulated across multiple PDSCH groups: When feedback of the previous group is not requested, and in the first detected DCI of the current group, a discontinuity of C-DAI is identified, the UE cannot distinguish between a) The missing DCI belongs to the current group b) The missing DCI belongs to the previous group. This results in codebook size mismatch. 
· C-DAI/T-DAI is accumulated across multiple PDSCH groups only when feedback of those groups is requested: When in the first DCI of the current group, feedback for a previous group is not be requested, but in the second DCI, feedback for a previous group is requested (note that this can happen when gNB has not yet received / decoded the PUCHH carrying HARQ-Ack for the previous groups), C-DAI is initially not accumulated (in the first DCI), but it is accumulated later (in the second DCI). This results in discontinuity in C-DAI and confusion at the UE, which in turn results in codebook size mismatch. 

Regarding option 2, even though it does not have the codebook size mismatch issue mentioned above for option 1, it suffers from the following issues:
· Lack of flexibility as the feedback can be requested for the current PDSCH group: If we allow option 2 to request feedback for more than one PDSCH group, it will have similar issues as option 1 regarding C-DAI/T-DAI accumulation. If only requesting feedback for the current group is allowed, requesting HARQ-Ack feedback for other groups will be delayed.
· Growth of the codebook size for a given PDSCH group: It is currently not clear how large HARQ-Ack codebook size can get, i.e., there is no upper bound on the size of the codebook when reset indicator does not indicate a new HARQ-Ack feedback for a PDSCH group.

Therefore, we propose to only focus on one-shot group HARQ Ack feedback mechanism, which does not have the issues above, and has relatively small specification impact.

PDSCH/PUSCH Scheduling
Time domain resource allocation
NR provides flexibility in the UL grant to specify a delay between the PDCCH and PUSCH as part of the time domain resource assignment which is a key requirement for enabling efficient unlicensed operation. One may consider enhancing the number of bits for the delay field to have more scheduling flexibility. Similar enhancements to PDSCH to HARQ delay field were already agreed to be beneficial in RAN1#94.
[bookmark: p9]Proposal 9: Number of bits in the UL PUSCH time domain resource assignment field are increased.
Multi-TTI scheduling
Multi-TTI grants for PUSCH were agreed to be introduced for NR-U. 
Agreement:
Scheduling PUSCH over multiple slots/mini-slots by single DCI supports at least multiple continuous PUSCHs with separate TBs
· Each TB is mapped to at most one slot or one mini-slot

With multi-TTI grant, we could have some configurations changing across the TTI’s while many others don’t change. We propose that at least the following fields are common or indicated only once for all TTIs in the multi-TTI grant and are indicated using the same signalling mechanisms as in NR:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· Frequency domain resource assignment
· Frequency hopping flag
· Modulation and coding scheme (one common MCS at least for TTIs corresponding to initial transmissions)
· TPC command for scheduled PUSCH
· Precoding information and number of layers
· Antenna ports
· PTRS-DMRS association
· beta_offset indicator
· DMRS sequence initialization
· UL-SCH indicator
· SRS resource indicator
· SRS request
· CSI request
· 1st downlink assignment index
· 2nd downlink assignment index
The following information may change across TTIs:
· New data indicator indicated per TTI similar to eLAA design
· HARQ process number
· E.g. grant provides starting HARQ process number with HARQ ID of subsequent TTIs incrementing by 1 similar to eLAA design.
· Time domain resource assignment (TDRA) as explained in more details below
· Redundancy version (at least for TTIs corresponding to retransmissions) as explained in more details below
· CBGTI (at least for TTIs corresponding to retransmissions) as explained in more details below
Furthermore, we propose that the following additional information be included in the DCI
· Number of scheduled TTIs n (Similar to eLAA design)
As in eLAA design, maximum number of TTIs N can be semi-statically configured, which determines the bitwidth of n (actual number of scheduled TTIs) and some other fields (e.g. NDIs). 
In the following sections we provide more details of design of the multi-TTI grant.
TDRA for Multi-TTI grant
To enable more LBT opportunities for the UE, it may also be desirable for the multi-TTI grant to support mini-slot type grant at the beginning which switches to full slot grant at slot boundaries. Some examples of how the multi-TTI grant would operate with LBT and with mix of mini-slots and full slots is shown in Figure 6.


[bookmark: _Ref513638859][bookmark: _Ref513638854]Figure 6: Examples of operation with Multi-TTI grant
[bookmark: p10]Proposal 10: The multi-TTI grants should include support for transmitting mini-slots in the initial portion of the transmission which can be followed by switching to full slot at slot boundaries.
Furthermore, more flexibility can be achieved if mini-slots are allowed not just in the beginning of UL transmission when scheduled by a multi-TTI grant, but also in the middle. For example, assume that an HARQ process ID in the middle corresponds to a retransmission for which CBGTI information (as explained in more details in the next section) indicates transmission of only one CBG (out of e.g. 8 CBGs), we may not need a full slot for transmission of that CBG.
In Rel. 15, TDRA field indicates one of the entries of the higher layer parameter pusch-TimeDomainAllocationList if the higher layer parameter is configured; otherwise default table is used. A different table format can be considered to handle the general case of allocating mixture of mini-slots and full slots in a multi-TTI grant. For example, each row of the table can determine K2, S, and  and possibly the mapping type of the each TTI. One example for TDRA table for N=4 is shown below:
[image: ]
Figure 7: Examples for TDRA table for Multi-TTI grant
Note that a TDRA entry is not valid if a PUSCH among the multiple PUSCHs crosses the slot boundary. Therefore, there may be some room to reduce the RRC signalling overhead for configuration of the TDRA table. DCI overhead is related to number of entries in the table (and not the format of the table). Given a fixed bitwidth for the TDRA field in the DCI, TDRA table format should be flexible enough to address different use cases. 
CBGTI / RV for Multi-TTI grant
NR support CBG based HARQ ACK feedback and CBG based retransmission. The benefits CBG based HARQ also apply to NR-U and hence should be supported for NR-U. 
[bookmark: p11]Proposal 11: The multi-TTI grants should also support CBG based retransmissions.
However, indicating the CBG based transmission information for each of the TTIs scheduled by the multi-TTI grant in the same DCI can increase the DCI overhead significantly. For example, with 16 HARQ processes and 4 CBGs per HARQ process, the multi-TTI grant would need 64 bits just for the CBG based transmission information. Similarly, there are other fields that were mentioned above that can change every TTI. Hence, some solutions need to be considered in order to accommodate the increased DCI overhead. 
In a multi-TTI grant, some of the scheduled PUSCHs are for initial transmissions while others are for retransmissions. Given that CBGTI field is not needed for initial transmissions, if we limit the maximum number of retransmissions that can be scheduled by a multi-TTI grant, then the DCI size can be reduced significantly. Note that this should not limit the scheduling flexibility of a multi-TTI grant as in a typical operation, the first BLER is around 10%. The maximum number of allowed retransmissions in a multi-TTI grant can be an RRC parameter. Also, this requires the UE to identify which of the scheduled HARQ process IDs correspond to a retransmission and which ones correspond to an initial transmission. This can be achieved through one of the mechanisms below:
· Implicitly: UE looks at the NDI value for each HARQ process ID and compares it with the previous NDI for the same HARQ process ID. If NDI is toggled, it is a new transmission; otherwise, it is a retransmission.
· Explicitly: The multi-TTI grant indicates which of the HARQ process IDs correspond to a retransmission.
The implicit option may not be robust against missing DCIs (i.e. in case a previous grant scheduling the initial transmission of a HARQ process ID is missed). Therefore, the explicit option may be preferred. 
Considering the example of a Multi-TTI grant scheduling up to 16 PUSCHs and assuming that maximum of 4 retransmissions can be included in the grant, and number of CBGs is configured to be 4, 16 bits are required in the multi-TTI grant for CBGTI information. In addition, with the explicit indication, we can include a bit map to indicate which of the HARQ process IDs correspond to a retransmission. This results in 16+16=32 bits. Alternatively, the explicit indication can indicate one of the  possibilities. This results in 12+16=28 bits. Note that without this enhancement, 64 bits are required to indicate the CBGTI information for the 16 HARQ process IDs.
Note that the same mechanism can be also used for RV indication. In the LAA design, RV is one bit for the multi-TTI grant (can be either 0 or 2). Assuming that RV value can be fixed to 0 for any initial transmission in the multi-TTI grant, and RV value can be either 0 or 2 for any retransmission, the example above only requires 4 bits for RV indication. Without this enhancement, 16 bits are required for RV indication (one bit per HARQ process ID).   
[bookmark: p12]Proposal 12: Introduce the following scheme to reduce the DCI size of multi-TTI grant
· Limit the maximum number of retransmissions in a Multi-TTI grant through an RRC parameter
· Some of the fields in the multi-TTI grant (e.g. CBGTI, RV) include the information only for HARQ process IDs corresponding to a retransmission.
· UE determines which of the HARQ process IDs correspond to a retransmission via explicit indication in the grant. 
Two-Stage Grant


[bookmark: _Ref521327881]Figure 8: Two-stage grant for scheduling PUSCH
As shown in Figure 8, due to the delay between the UL grant sent in PDCCH in DL and the PUSCH transmission in UL, a node winning the medium could still lose it prior to the UL transmission. The delay itself is necessary as the UE has to decode the PDCCH to detect a grant and then it has to prepare the packet for PUSCH transmission. In eLAA a two-stage grant was introduced for PUSCH scheduling to address this issue. As shown in Figure 8, the two-stage grant splits the PUSCH scheduling is two parts. A first grant provided the trigger to prepare the PUSCH. A second grant asks it to transmit the PUSCH. Since the UE already has the PUSCH packet prepared prior to the second grant, the delay from end of second grant to PUSCH transmission is thus reduced.
For NR PUSCH timing capability 1, the PDCCH to PUSCH delay is 10 symbols (~710us) for 15KHz SCS and 12 symbols (~430us) for 30KHz SCS. Although this gap is much smaller than what LAA had between the PDCCH and PUSCH, the delay is still very large compared to the duration needed for cat-4 LBT. For example, a node with contention window of 16, in absence of other interferers, would complete its cat-4 LBT in at most 205us which is much smaller than the PDCCH to PUSCH delay in NR. This can thus lead to consistent loss of medium to neighbouring nodes. Hence, we propose that two-stage grant should also be supported in NR-U.
[bookmark: p13]Proposal 13: Two-stage grant where a first grant gives the parameters necessary for PUSCH transmission preparation and a second grant that provides the trigger for PUSCH transmission should be supported for scheduling PUSCH.
Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: Alt 2, Alt4, and Alt 5 identified for multiple opportunities for HARQ A/N transmission are not supported.
Proposal 2: Allow for indication of extended HARQ-Ack feedback delay values through PRI field when a reserved value is indicated by PDSCH-to-HARQ-timing-indicator field. The PUCCH resource will be provided by a later DL grant pointing to the same HARQ-Ack transmission time.
Proposal 3: Introduce the following mechanisms to trigger one-shot group HARQ ACK feedback that contains or potentially contain HARQ-ACK feedback for all configured HARQ processes
· A trigger included in the DL PDSCH grant
· A trigger included in a PUSCH grant
· A separate DCI
Proposal 4: If the trigger is included in the DL/UL grants, support including NDI bits in the one-shot group HARQ-ACK feedback. If the trigger is a separate DCI, support including NDI bits in the DCI.
Proposal 5: The one-shot group HARQ-ACK feedback should also support CBG level HARQ-ACK feedback.
Proposal 6: Introduce compression schemes to reduce the HARQ-ACK feedback overhead for CBG based one-shot group HARQ-ACK feedback.
Proposal 7: Introduce a new field in the DL grant that controls the max delay considered in semi-static HARQ ACK codebook size determination. 
Proposal 8: Introduce a new field in the DL grant that indicates the carriers to consider for codebook size determination. 
Proposal 9: Number of bits in the UL PUSCH time domain resource assignment field are increased.
Proposal 10: The multi-TTI grants should include support for transmitting mini-slots in the initial portion of the transmission which can be followed by switching to full slot at slot boundaries.
Proposal 11: The multi-TTI grants should also support CBG based retransmissions.
Proposal 12: Introduce the following scheme to reduce the DCI size of multi-TTI grant
· Limit the maximum number of retransmissions in a Multi-TTI grant through an RRC parameter
· Some of the fields in the multi-TTI grant (e.g. CBGTI, RV) include the information only for HARQ process IDs corresponding to a retransmission.
· UE determines which of the HARQ process IDs correspond to a retransmission via explicit indication in the grant. 
Proposal 13: Two-stage grant where a first grant gives the parameters necessary for PUSCH transmission preparation and a second grant that provides the trigger for PUSCH transmission should be supported for scheduling PUSCH.

References
[1] RP-182878, “New WID on NR-based Access to Unlicensed Spectrum”, Qualcomm Incorporated, RAN#82, Sorrento, Italy, Dec. 10-13, 2018
[2] RP-172021, Revised SID on NR-based Access to Unlicensed Spectrum, Qualcomm Incorporated, RAN#77, Sapporo, Japan, September 11 - 14, 2017.
[3] RP-181339, “Revised SID on NR-based Access to Unlicensed Spectrum”, Qualcomm Incorporated, RAN#80, La Jolla, USA, June 11-14, 2018.
[4] TR 38.889, “Study on NR-based Access to Unlicensed Spectrum”, RAN#82, Dec. 2018.
[5] R1-1901437, “Feature Lead Summary of HARQ Enhancements in NR-U”, Huawei, Hi-Silicon, RAN1#AH-1901,  Taipei, Taiwan, 21-25 Jan. 2019.



image1.emf
DL Data

Slot

LBT Gap

LBT Gap

ACK feedback

UL Tx

ACK Timelines leveraging NR PDSCH to ACK delay field


Microsoft_Visio_2003-2010_Drawing.vsd
DL Data


Slot


LBT Gap


LBT Gap


ACK feedback


UL Tx


ACK Timelines leveraging NR PDSCH to ACK delay field



image2.png
il O I N N

HARQ-Ack feedback delay through regular K1 field in DCI

O O O N .

Extending the HARQ-Ack feedback delay by using PRI field in the DCI when K1=reserved (a
value of PRI, e.g. 0, can be used as reserved in which case no timing is indicated in the DCI)




image3.emf
DL Data

Slot

LBT Gap

UL Tx

Leveraging eLAA type design

ACK for all HARQ 

processes within a 

certain minimum delay

This ACK sent at next 

opportunity.


Microsoft_Visio_2003-2010_Drawing1.vsd
DL Data


Slot


This ACK sent at next opportunity.


ACK for all HARQ processes within a certain minimum delay


LBT Gap


UL Tx


Leveraging eLAA type design



image4.emf
HARQ 0

NDI-0

HARQ 1

NDI-0

HARQ 2

NDI-0

HARQ 3

NDI-0

Group 

HARQ-

ACK 

trigger

ACK 

feedback

HARQ 0

NDI-1

HARQ 1

NDI-1

HARQ 2

NDI-1

HARQ 3

NDI-1

Group 

HARQ-

ACK 

trigger

ACK 

feedback

HARQ 0

NDI-0

HARQ 1

NDI-0

HARQ 2

NDI-0

HARQ 3

NDI-0

Group 

HARQ-

ACK 

trigger

ACK 

feedback

HARQ 0

NDI-1

HARQ 1

NDI-1

HARQ 2

NDI-1

HARQ 3

NDI-1

Group 

HARQ-

ACK 

trigger

ACK 

feedback

Expected operation when UE detects all PDCCHs

PDCCH not 

detected by 

UE

Expected operation when UE doesn’t detect a PDCCH and reports ACK-

NACK for previous detected PDCCH of that HARQ-ID


Microsoft_Visio_2003-2010_Drawing2.vsd
HARQ 0
NDI-0


HARQ 1
NDI-0


HARQ 2
NDI-0


HARQ 3
NDI-0


Group HARQ-ACK trigger


ACK feedback


HARQ 0
NDI-1


HARQ 1
NDI-1


HARQ 2
NDI-1


HARQ 3
NDI-1


Group HARQ-ACK trigger


ACK feedback


HARQ 0
NDI-0


HARQ 1
NDI-0


HARQ 2
NDI-0


HARQ 3
NDI-0


Group HARQ-ACK trigger


ACK feedback


HARQ 0
NDI-1


HARQ 1
NDI-1


HARQ 2
NDI-1


HARQ 3
NDI-1


Group HARQ-ACK trigger


ACK feedback


Expected operation when UE detects all PDCCHs


PDCCH not detected by UE


Expected operation when UE doesn’t detect a PDCCH and reports ACK-NACK for previous detected PDCCH of that HARQ-ID



image5.emf
DL 

Data

DL 

Data

DL 

Data

DL 

Data

DL 

Data

U

L 

A

C

K

D

L 

D

at

a

DL 

Data

DL 

Data

DL 

Data

U

L 

A

C

K

DL 

Data

DL 

Data

DL 

Data

DL 

Data

DL 

Data

U

L 

A

C

K

D

L 

D

at

a

DL 

Data

DL 

Data

DL 

Data

U

L 

A

C

K

ACK not transmitted due to 

LBT failure 

DL 

Data

DL 

Data

DL 

Data

DL 

Data

DL 

Data

U

L 

A

C

K

D

L 

D

at

a

DL 

Data

DL 

Data

DL 

Data

U

L 

A

C

K

ACK not transmitted due to 

LBT failure 

Dynamically increase the 

max delay for which the 

ACK feedback is included 


Microsoft_Visio_2003-2010_Drawing3.vsd
DL Data


DL Data


DL Data


DL Data


DL Data


UL ACK


DL Data


DL Data


DL Data


DL Data


UL ACK


DL Data


DL Data


DL Data


DL Data


DL Data


UL ACK


DL Data


DL Data


DL Data


DL Data


UL ACK


ACK not transmitted due to LBT failure 


DL Data


DL Data


DL Data


DL Data


DL Data


UL ACK


DL Data


DL Data


DL Data


DL Data


UL ACK


ACK not transmitted due to LBT failure 


Dynamically increase the max delay for which the ACK feedback is included 



image6.emf
DL part UL part

TxOP

UL Tx

TB1

UL Tx

TB2

UL Tx

TB3

UL Tx

TB4

UL Tx

TB5

Slot

UL TX with UL LBT success in first attempt



 LBT faiures in first few attempts

X X X



UL Tx

TB1

UL Tx

TB2

With mini-slots in first few Tx

X X X



UL Tx

TB1

UL Tx

TB2

UL Tx

TB3

UL Tx

TB4

Mini-slot

DL part

Multi-TTI grant: Single grant scheduling all 5 UL Tx opportunities

LBT fail

LBT success


Microsoft_Visio_2003-2010_Drawing4.vsd
DL part


UL part


TxOP


UL Tx
TB1


UL Tx
TB2


UL Tx
TB3


UL Tx
TB4


UL Tx
TB5


Slot


UL TX with UL LBT success in first attempt





 LBT faiures in first few attempts


X


X


X





UL Tx
TB1


UL Tx
TB2


With mini-slots in first few Tx


X


X


X





UL Tx
TB1


UL Tx
TB2


UL Tx
TB3


UL Tx
TB4


Mini-slot


DL part


Multi-TTI grant: Single grant scheduling all 5 UL Tx opportunities


LBT fail


LBT success



image7.png
Row index S L1 Map L2 Mapping L3 L4
type fori=1 type fori=2
1 1 3 4 B 7 B 14 A 12
2 0 7 7 B 4 A 4 B 4 B
Row index 1 (for TDRA) Slot boundary Slot boundary Slot boundary

and n=3 are indicated

oo

Row index 2 (for TDRA)
and n=4 are indicated





image8.emf
UL grant

(PDCCH)

Cat 4 LBT

PUSCH Tx

Cat-2 

LBT

gNB

UE

Channel is free. gNB/UE may lose 

medium to neighboring nodes with 

very high probability

UL grant 

stage 1

(PDCCH)

Cat 4 LBT

PUSCH Tx

Cat-2 

LBT

gNB

UE

PDCCH to PUSCH Tx delay with 1 

stage grant

UL grant 

stage 2 

(PDCCH)

Cat 4 LBT

Trigger for 

PUSCH Tx

Trigger for PUSCH 

Preparation 

Channel is free for much shorter 

time reduction chances for losing 

medium to neighboring nodes

PDCCH to PUSCH Tx delay with 1 stage grant


Microsoft_Visio_2003-2010_Drawing5.vsd
UL grant
(PDCCH)


Cat 4 LBT


PUSCH Tx


Cat-2 LBT


gNB


UE


Channel is free. gNB/UE may lose medium to neighboring nodes with very high probability


UL grant stage 1
(PDCCH)


Cat 4 LBT


PUSCH Tx


Cat-2 LBT


gNB


UE


PDCCH to PUSCH Tx delay with 1 stage grant


UL grant stage 2 
(PDCCH)


Cat 4 LBT


Trigger for PUSCH Tx


Trigger for PUSCH Preparation 


Channel is free for much shorter time reduction chances for losing medium to neighboring nodes


PDCCH to PUSCH Tx delay with 1 stage grant



