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1 Introduction
The contribution is a revision of R1-1904582.
In RAN1#96bis meeting, regarding the HARQ enhancement, the related agreements are listed below:

Agreement:
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.

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

In this contribution, we further discuss HARQ-ACK enhancement issues and present our views. 
2 Discussion
2.1 HARQ-ACK Triggering
Transmitting HARQ-ACK feedback on unlicensed carrier is inevitably supported for NR-U in case of standalone deployment and dual-connectivity scenarios. 
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 fails 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.

To provide extra transmission opportunities for HARQ-ACK feedback on unlicensed carrier, gNB-triggered HARQ-ACK reporting is agreed in RAN1. 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. If the first transmission of the HARQ-ACK corresponding to the five DL transmissions is failed due to either LBT failure or hidden node interference, 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, in the worst case 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 when the LBT is failed. 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 reflected in the HARQ-ACK feedback within the same COT, 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 an uplink slot for 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 by indicating a HARQ-ACK feedback suspension state in PDSCH-to-HARQ_timing indicator in the scheduling DCI, and triggers the HARQ-ACK transmission in a later slot by indicating a valid HARQ-ACK feedback timing in the PDSCH-to-HARQ_timing indicator in a triggering DCI. In this case, gNB triggers the initial transmission of one HARQ-ACK codebook.
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Figure 2: gNB-triggered HARQ-ACK reporting

For one COT, in case that one self-contained HARQ-ACK codebook for most DL transmissions is not transmitted due to LBT failure or incorrectly decoded at gNB side, and the last several DL transmissions within the COT cannot be acknowledged in same COT and have already been indicated to suspend the HARQ-ACK transmission, then a triggering DCI can be sent by gNB not only for requesting the retransmission of the self-contained HARQ-ACK codebook but also triggering the initial transmission of the HARQ-ACK feedback for those DL transmissions whose HARQ-ACK feedback cannot be transmitted in same COT. One example is shown in Figure 3.
[image: image3.png]Triggering

Pending Pending
One COT 1 | |

One COT

one HARQ-ACK codebook





Figure 3: gNB-triggered HARQ-ACK reporting

Regarding the triggering DCI design, it is necessary to indicate which HARQ-ACK feedback needs to be retransmitted when the triggering DCI is used to trigger retransmission of an earlier HARQ-ACK feedback and/or initial transmission of suspended HARQ-ACK feedback. 
· One straightforward solution is to use 1 bit in the triggering DCI to trigger the HARQ-ACK feedback corresponding to all the configured HARQ processes. The benefit of this solution is only one bit signaling overhead in the triggering DCI. However, the drawback is too much HARQ-ACK feedback overhead is caused especially when UE is configured with 16 HARQ processes, multiple carriers or CBG-based retransmission with maximum 8 CBGs per TB. 

· Another solution is to group all the 16 HARQ processes into 4 HARQ process groups, e.g., HARQ process 0-3 in group 0, process 4-7 in group 1, process 8-11 in group 2 and process 12-15 in group 3. Then two bits are needed in the triggering DCI for indicating a certain HARQ process group for retransmission of the corresponding HARQ process. Compared to previous solution, this solution reduces some HARQ-ACK feedback overhead by grouping. However, the overhead reduction is limited. When HARQ-ACK feedback corresponding to a single HARQ process needs to be retransmitted, gNB has to trigger HARQ-ACK retransmission for all the HARQ processes in same group. Additionally, when HARQ-ACK feedback corresponding to two or more HARQ processes within different HARQ process groups needs to be retransmitted, e.g., HARQ-ACK feedback corresponding to HARQ process 3 and 4 needs to be retransmitted, gNB has to transmit the triggering DCI twice to separately indicate UE to retransmit HARQ process group 0 and group 1. One may consider using 4-bit bitmap in the triggering DCI with each bit corresponding to one HARQ process group. Although it can use one DCI to trigger the HARQ-ACK feedback retransmission for more than one HARQ process group, the first problem is still not addressed even with 4 bits in DCI.
· The third solution is to indicate an index of HARQ-ACK codebook in the triggering DCI. In this solution, HARQ-ACK codebook index (HCI) is necessarily included in each DL grant. For PDSCHs with corresponding HARQ-ACK feedback in same HARQ-ACK codebook, the HCI value is kept same among the associated DL grants. The value of HCI is updated from one HARQ-ACK codebook to next. As the HARQ-ACK feedback is actually transmitted in the form of HARQ-ACK codebook, in case a HARQ-ACK codebook is not transmitted successfully due to LBT failure at UE side or incorrectly decoding at gNB side, it is easy for gNB to trigger the retransmission by means of indicating the corresponding HCI in the triggering DCI.  Meanwhile, in case the HARQ-ACK feedback is indicated as “pending”, it is still easy for gNB to trigger the initial transmission of the HARQ-ACK feedback by means of indicating the corresponding HCI in the triggering DCI. At UE side, UE shall transmit the corresponding HARQ-ACK codebook upon reception of the HCI in the triggering DCI. The main benefit of this solution is only the necessary HARQ-ACK codebook is retransmitted without redundant HARQ-ACK feedback overhead.
Proposal 1: The triggering DCI includes HARQ-ACK codebook index.
2.2 Multiple transmission opportunities in time domain

Furthermore, if HARQ-ACK cannot be transmitted to gNB due to failed LBT, DL performance loss will happen due to consequent unnecessary DL retransmission. In order to avoid this problem, it is better to allow multiple opportunities in time domain for a UE to transmit one HARQ-ACK feedback. In detail, a HARQ-ACK feedback window comprises multiple consecutive slots and the size of the window can be configured by RRC signaling. The first slot of the HARQ-ACK feedback window, i.e., the starting slot of the HARQ-ACK feedback window, is indicated by the field of PDSCH-to-HARQ_timing indicator in DL grant. Based on the RRC configured window size and the DCI indicated starting slot, UE can derive the starting slot and duration of the HARQ-ACK feedback window so that the UE can transmit one HARQ-ACK codebook within it. It is noted that UE performs LBT for each transmission opportunity within the window and  transmits the HARQ-ACK feedback in a certain slot once the LBT for the slot is successful. Depending on LBT outcome, some transmission opportunities within the feedback window may be left unused for only one HARQ-ACK transmission is necessary. Alternatively, the HARQ-ACK feedback can be transmitted repeatedly within the feedback window as long as the LBT for the corresponding transmission opportunity is successful. In this way, the HARQ-ACK transmission reliability can be further enhanced.
One may have concern about the potential resource waste due to RRC configured HARQ-ACK feedback window size. To address this concern, firstly, this configuration is UE-specific. It is adopted only to the UEs frequently suffering from blocked channel access. Secondly, for further saving resource, one bit in DCI can be used to explicitly enable or disable the RRC configured HARQ-ACK feedback window. In detail, if a HARQ-ACK codebook is to be transmitted outside of gNB-initiated COT, it may lead to a low successful probability of LBT, then gNB can indicate one bit of “1” to enable the RRC configured HARQ-ACK feedback window in order to provide multiple transmission opportunities; if the HARQ-ACK codebook is to be transmitted inside of gNB-initiated COT, it may have a high successful probability of LBT, then gNB can indicate one bit of “0” to disable the RRC configured HARQ-ACK feedback window so as to fall back to single transmission opportunity. In this sense, the resource waste can be reduced.
Proposal 2: A HARQ-ACK feedback window size is configured for UE to allow multiple transmission opportunities.
Proposal 3: HARQ-ACK feedback window can be enabled/disabled by one bit in DCI.
2.3 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. 

The benefit for semi-static HARQ-ACK codebook is that the codebook size determination is quite simple. There is no ambiguity between UE and gNB on determining HARQ-ACK codebook size even when some DL transmissions are missed. However, the drawback is too much overhead. Especially considering the fact that introducing larger size of PDSCH-to-HARQ indicator field has been already agreed in RAN1, for semi-static HARQ-ACK codebook, UE needs to report much more HARQ-ACK bits than NR Rel-15.Therefore, payload reduction method for semi-static HARQ-ACK codebook determination is necessary. One simple way is to exclude those slots outside gNB-initiated COT from the downlink association set. UE can directly determine the starting slot and ending slot based on explicit COT structure signaling, or implicitly derive the starting slot and ending slot based on initial signal, wideband DRMS or DCI format 2-0. With reliable design of COT structure signaling or initial signal or wideband DMRS, both gNB and UE can have same understanding on the HARQ-ACK codebook. 
Proposal 5: Exclude those slots outside gNB-initiated COT from the downlink association set for reducing NR-U semi-static HARQ-ACK codebook. 
The benefit for dynamic HARQ-ACK codebook is that the codebook size is equal to the number of actually transmitted PDSCHs and/or PDCCH for DL SPS release. Based on the counter DAI and total DAI, the ambiguity between UE and gNB on determining HARQ-ACK codebook size can be solved when some DL transmissions are missed. In detail, for NR-U dynamic HARQ-ACK codebook, there are two options, Option 1 and Option 2, as shown in Section 1. Generally, both options support explicit group index in DL grant for grouping PDSCH in same HARQ-ACK codebook. The main difference is whether a single PDSCH group can be extended to cover the previous PDSCH group and new PDSCHs when the HARQ-ACK feedback for previous PDSCH group needs to be retransmitted. Considering RAN1 has agreed to include a PDSCH group index in DL grant, this PDSCH group index can be used to clearly distinguish one PDSCH group from another. In this way, DCI can trigger UE to retransmit the earlier HARQ-ACK feedback for one or more PDSCH groups by means of explicit indicating the corresponding PDSCH group index. Compared to Option 2, Option 1 is more straightforward and simple. 
Proposal 6: For dynamic HARQ-ACK codebook, Option 1 is supported. 
2.4 Multi-TTI 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. 

For designing the DCI for multi-TTI scheduling by single UL grant with separate TB for each individual PUSCH, the maximum allowed number of slots or mini-slots scheduled by the single UL grant should be determined (from a UE’s perspective). Based on the maximum allowed number, the payload size of the single UL grant can be further determined. Assuming the maximum number of schedulable slots/mini-slots is determined to N, then the payload size of the slot-specific or mini-slot specific information fields needs to be multiplied by N in the single UL grant. E.g., 1-bit NDI, 2-bit RV, M-bit CBGTI, … for a single PUSCH need to be extended to N-bit NDI, 2*N-bit RV and M*N-bit CBGTI for multiple PUSCHs, respectively, wherein M is the RRC configured maximum number of CBGs per TB. Some information fields in the single UL grant, e.g., BWP indicator, frequency domain resource assignment, MCS, TPC, etc., can be set to common for the scheduled multiple slots/mini-slots in order to save signaling overhead. 

In addition, NR Rel-15 time domain resource assignment field indicates a single starting symbol and duration for a single PUSCH transmission, which cannot support multiple starting positions and durations for multiple PUSCHs in multiple slots/mini-slots to avoid gaps between transmissions. Furthermore, if the field of time domain resource assignment is set to common for the scheduled multiple slots or mini-slots, there may be some problems for NR-U uplink transmission. As shown in Figure 4, assuming seven contiguous mini-slots are scheduled by a single UL grant to equally occupy one full slot, it is obvious that the starting symbol and ending symbol for each scheduled mini-slot are totally different. In some cases, the duration for the multiple scheduled mini-slots may be even different. As shown in Figure 5, the last mini-slot has different duration compared to the other scheduled mini-slots. In this case, the starting symbol and ending symbol as well as duration for each scheduled mini-slot are completely different. 
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Figure 4: Seven mini-slots scheduled by single UL grant (Front-loaded DMRS in the blue symbol)
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Figure 5: Four mini-slots scheduled by single UL grant (Front-loaded DMRS in the blue symbol)

As mentioned above, the field of time domain resource assignment is TTI-specific. If each scheduled PUSCH has a separate field of starting position and length, the DCI payload size will be large. In order not to enlarge the existing field of time domain resource assignment in UL grant, a simple way is to provide a list of time domain resource allocation (TDRA) patterns by RRC signaling in PUSCH-TimeDomainResourceAllocation of PUSCH-config and each of the TDRA patterns includes k2 value, mapping type, multiple fields of starting symbol index and length. One code point of time domain resource assignment in the DCI indicates one TDRA pattern from the list. For supporting single PUSCH scheduling, DCI indicates one TDRA pattern configured with single field of starting symbol index and length; for supporting multiple PUSCH scheduling, DCI indicates one TDRA pattern configured with multiple fields of starting symbol index and length. Dependent on the mapping relationship between the code point and the corresponding TDRA pattern, a single DCI can schedule single PUSCH in one slot or mini-slot or schedule multiple PUSCHs in multiple slots/mini-slots. One example is shown in below RRC IE, where startSymbolAnd Length_N indicates the number of scheduled PUSCHs.
Example 1 on support of two-PUSCH scheduling:
PUSCH-TimeDomainResourceAllocation::= SEQUENCE 

{ 

k2 INTEGER(0..32), 

mappingType ENUMERATED {typeA, typeB}, 
startSymbolAndLength_1 INTEGER (0..127),
startSymbolAndLength_2 INTEGER (0..127),
 }
Example 2 on support of four-PUSCH scheduling:
PUSCH-TimeDomainResourceAllocation::= SEQUENCE 

{ 

k2 INTEGER(0..32), 

mappingType ENUMERATED {typeA, typeB}, 
startSymbolAndLength_1 INTEGER (0..127),
startSymbolAndLength_2 INTEGER (0..127),
startSymbolAndLength_3 INTEGER (0..127),
startSymbolAndLength_4 INTEGER (0..127)
         }
Proposal 7: For multi-TTI scheduling, support the following:

· Only time contiguous transmission is supported (i.e. no transmission gaps between slots / mini-slots);
· At least NDI, 2-bit RV, M-bit CBGTI are present in the single UL grant for each of the up to N scheduled PUSCHs; BWP indicator, frequency domain resource assignment, MCS, TPC can be one value applicable to all of the scheduled PUSCHs;

· Time domain resource assignment in the UL grant indicates one of RRC configured time domain resource allocation patterns 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: The triggering DCI includes HARQ-ACK codebook index.

Proposal 2: A HARQ-ACK feedback window size is configured for UE to allow multiple transmission opportunities.
Proposal 3: HARQ-ACK feedback window can be enabled/disabled by one bit in DCI.
Proposal 4: Both semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook are supported for NR-U. 
Proposal 5: Exclude those slots outside gNB-initiated COT from the downlink association set for reducing NR-U semi-static HARQ-ACK codebook. 
Proposal 6: For dynamic HARQ-ACK codebook, Option 1 is supported. 
Proposal 7: For multi-TTI scheduling, support the following:

· Only time contiguous transmission is supported (i.e. no transmission gaps between slots / mini-slots);

· At least NDI, 2-bit RV, M-bit CBGTI are present in the single UL grant for each of the up to N scheduled PUSCHs; BWP indicator, frequency domain resource assignment, MCS, TPC can be one value applicable to all of the scheduled PUSCHs;

· Time domain resource assignment in the UL grant indicates one of RRC configured time domain resource allocation patterns for UL multi-TTI scheduling.
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