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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK2]In the previous meetings [1], the following agreements has been achieved:
In Rel-16, the PDSCH-to-HARQ-timing-indicator field is not enhanced to indicate larger values of K1 compared to Rel-15.
When configured for operation with enhanced dynamic HARQ codebook (type-2 codebook), a UE shall support 2 PDSCH groups.
· The number of PDSCH groups that the UE shall support is not RRC configurable
· FFS: More groups, depending on the resolution of the FFS on up to 4 groups from a prior agreement
For enhanced dynamic HARQ codebook, choose one of the alternatives below: 
· Alt-1: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group
· [bookmark: OLE_LINK4]Alt-2: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups
FFS: Extension to fallback DCI
For enhanced dynamic HARQ-ACK codebook when the feedback is triggered by a DL DCI scheduling a PDSCH, a UE is not expected to be requested in that DL DCI to provide feedback only for a PDSCH group not scheduled in that DL DCI
[bookmark: OLE_LINK59][bookmark: OLE_LINK3][bookmark: OLE_LINK8][bookmark: OLE_LINK7]For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.
· FFS: additional methods including 
· based on an earlier DCI
· one-shot HARQ-ACK feedback
· FFS: dependency on NFI
There is no consensus to support a 2-stage uplink grant for NR-U in Rel-16.
In this contribution we discuss the remaining issues for HARQ enhancement and scheduling, including the details for enhanced dynamic HARQ-ACK codebook based on non-fallback/fallback DAI, one-shot group HARQ-ACK feedback, and multiple opportunities for the HARQ-ACK feedback in frequency domain, also the DCI design for multi-TTI scheduling is included.
[bookmark: _Ref129681832]Enhanced dynamic HARQ-ACK codebook based on non-fallback DCI
As agreed in last meeting, the following 2 alternatives for group-based dynamic HARQ-ACK codebook should be down selected:
· Alt 1: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group
· Alt 2:  NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups
The motivation for Alt 2 is to avoid the ambiguity on the HARQ codebook size between UE and gNB. UE may miss a whole group where all of the indications, including C-DAI and T-DAI for this group, will be missed, then UE may be requested to report HARQ-ACK feedback for multiple groups in next PUCCH, and one concern is that UE may not determine the number of feedback bits for the missed group. However, this issue can be solved by gNB’s scheduling, an example can be found in Figure 1, where the following indications are considered:
· Signaling for group index: 1 bit Group ID
· Request for multi-group HARQ-ACK feedback in one PUCCH: 1 bit request, request = 1 denotes that multi-group HARQ-ACK feedback is needed.
· New ACK-Feedback Group Indicator: 1 toggled bit NFI 
· Non-numerical value of K1: The non-numerical value is denoted by X, e.g. due to the processing delay, the HARQ-ACK feedback for PDSCH(s) in slot n+2 cannot be carried in PUCCH1, and gNB could set K1=X to indicate UE to postpone the feedback. Meanwhile, a new group ID is allocated, i.e. group ID = 1. 
· C-DAI/T-DAI: accumulated in each group
Assuming that UE wholly missed the first group (Group ID = 0) in slot n and n+1, obviously, the corresponding HARQ-ACK feedbacks in PUCCH 1 will not be transmitted. gNB could request UE to report them in next PUCCH by setting request = 1 in slot m-1 and slot m, besides, to help UE determining the HARQ-ACK codebook size, the Group ID 0 should be reused either in slot m-1 or slot m. It can be found that the updated C-DAI and T-DAI can still correct the indication for HARQ-ACK codebook size. Therefore, there is no need to include the T-DAI and NFI for the non-scheduled group, and alt 1 is sufficient. 
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[bookmark: OLE_LINK22]   (b)
[bookmark: _Ref7026201]Figure 1. Group based HARQ-ACK feedback
Another issue discussed in last meeting is that due to processing delay, it may be difficult for gNB to make the proper scheduling, e.g. when PUCCH is not decoded yet, gNB could not know whether the corresponding PDSCH(s) has been correctly received or not, then gNB cannot determine the group ID and the DAI for the next scheduling. However, even in this case, the NFI and DAI for the other non-scheduled group are still unnecessary. As shown in Figure 2(a), for the PDSCHs in slot n and n+1, gNB could set group ID = 0 and indicate UE the corresponding HARQ-ACK feedbacks should be carried in the first PUCCH. Assuming that gNB could not decode the PUCCH immediately, for the PDSCH in slot n+4, gNB should set another group ID = 1, furthermore, to handle the potential PDCCH misdetection, the 2 group IDs should be alternately used to correct the potential errors. It can also be found in Figure 2(b), even if the NFI and DAI for the non-scheduled group is indicated, the error case still exists when the last PDCCH is missed. Compared with alt1, there is no obvious benefit for Alt2.
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[bookmark: _Ref20734732]Figure 2.  Comparison between Alt 1 and Alt 2 for group based dynamic HARQ-ACK codebook
Observation 1: For group based dynamic HARQ-ACK codebook, there is no need to indicate the NFI and T-DAI for the non-scheduled group. Error in the last DCI cannot be handled with or without NFI and T-DAI for the non-scheduled group.
Proposal 1: For group based dynamic HARQ-ACK codebook, Alt.1 should be supported.
· NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group.
One-shot HARQ-ACK feedback
To address the error cases caused by LBT failure or miss-detection, one-shot HARQ-ACK feedback is a simple way in NRU, where gNB could send a trigger to indicate to the UE to report the HARQ-ACK feedback for all configured HARQ processes. Obviously, it is a special semi-static HARQ-ACK codebook. 
However, due to the large payload, it should only be considered as a fallback solution for the UE which is configured with semi-static HARQ-ACK codebook. Since semi-static HARQ-ACK codebook has already included some feedbacks for the non-transmitted occasions, and if error case occurs, UE could extend the HARQ-ACK codebook to contain the historical unreported feedbacks, whereas the extended semi-static codebook will always contain the feedbacks for almost all of the HARQ process. A more effective and simpler way is using a one-shot trigger to indicate UE reporting HARQ-ACK information for all configured HARQ processes. 
To support one-shot group HARQ HARQ-ACK feedback, a dedicated trigger should be carried in a UE-specific DCI without PDSCH/PUSCH scheduling. There is no need to introduce this trigger in the DL assignment DCI or in the UL grant DCI, since it already contained enhancements for dynamic codebook operation. On the other hand, having a mechanism to request HARQ feedback without scheduling a PDSCH could be useful.
[bookmark: OLE_LINK62][bookmark: OLE_LINK1]Observation 2: Besides the one-shot HARQ-ACK feedback, no further enhancement for semi-static HARQ-ACK codebook is needed.
Proposal 2: If trigger based one-shot HARQ-ACK feedback is supported in NR-U:
· [bookmark: OLE_LINK51]The trigger is only valid for UE which is configured with semi-static HARQ-ACK codebook. 
· The trigger should be carried in a UE-specific DCI not scheduling PDSCH nor PUSCH.
Considering the detail design for one-shot HARQ-ACK feedback, there is still some issues to be solved. UE may receive the one-shot trigger for more than one time, it means that for one HARQ process, UE may need to transmit the corresponding HARQ-ACK information for multiple times. From gNB’s perspective, it is difficult to differentiate whether the HARQ-ACK feedback information is initially transmitted or retransmitted. 
As summarized in [6], the following schemes were discussed 
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported
· Alt1: the A/N result of the previous PDSCH with that HARQ IDs is reported, even if it had already been reported
· Alt2: Each HARQ A/N is transmitted only once, after which the HARQ A/N value is set to the default value of NACK
For Alt2, each HARQ A/N is allowed to be transmitted only once, and if the PUCCH is missed, the only way for gNB is to resend the corresponding PDSCH(s) again. While in Alt1, the HARQ A/N retransmission could be requested by gNB, which is more efficient. To avoid the ambiguity on HARQ-ACK information between gNB and UE, UE should report the information for each HARQ process to tell gNB whether the corresponding HARQ A/N is initial transmitted or retransmitted. A toggle bit, like NFI bit, for each HARQ process could be used, or the latest NDI value corresponding to the latest received PDSCH for each HARQ process could be used.
For the CBG transmission, one-shot HARQ-ACK feedback will result in large payload size. Compression schemes to reduce the payload size would require further study but due to the time limitation, CBG based one-shot group HARQ-ACK feedback may not supported in R16.
Proposal 3: If trigger based one-shot HARQ-ACK feedback is supported in NR-U:
· HARQ A/N retransmission should be supported.
· A toggled bit for each HARQ process should be reported to tell gNB whether the corresponding HARQ A/N is initial transmitted or retransmitted.
· One-shot HARQ-ACK feedback for CBG based transmission is not supported in R16.
Non-numerical value for K1
[bookmark: OLE_LINK5]The motivation for non-numerical K1 is to indicate UE to save the HARQ-ACK information when there is no opportunity to transmit it in the same COT with the corresponding PDSCH(s). It means that the HARQ-ACK timing cannot be determined currently or previously. Generally, gNB should indicated the actual timing when a new COT is obtained. Another potential use case is that the feedback delay between a PDSCH and corresponding PUCCH is larger than the maximum numerical K1 value configured in RRC, and gNB could use non-numerical value to indicate UE the HARQ-ACK timing should be derived by the next DCI with a numerical K1. It is illogical to determine the HARQ-ACK timing based on an earlier DCI.
When R15 dynamic HARQ-ACK codebook is configured for a Rel-16 NR-U capable UE, the HARQ timing for a PDSCH scheduled with a non-numerical value for K1 just follows the next DCI scheduling PDSCH with a numerical value for K1. Notably, the C-DAI/T-DAI will be accumulated to include the PDSCHs with non-numerical K1. HARQ-ACK information retransmission is not supported in this case.
When enhanced dynamic HARQ-ACK codebook is configured, it has been already agreed that the HARQ timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1 and the same group ID. As discussed in section 2, NFI bit will be toggled only when the HARQ-ACK feedback for the corresponding group is successfully received by gNB, and since the PDSCH scheduled with non-numerical K1 is always at the very beginning of a group, the NFI should be set as the default initial value for the PDSCH(s) scheduled with non-numerical K1 and be aligned within the PDSCHs scheduled with the same group ID. 
[bookmark: OLE_LINK60]When R15 semi-static HARQ-ACK codebook is configured, for a PDSCH scheduled with a non-numerical K1, NACK is reported if it is out of UE processing time capability, otherwise, the actual A/N is reported.
If one-shot HARQ-ACK feedback is supported, and when one-shot HARQ-ACK feedback is triggered, HARQ-ACK information for all of the configured HARQ processes should be transmitted, i.e. no matter whether the PDSCH is scheduled with a non-numerical K1 or a numerical K1 in previous DCI, the HARQ-ACK timing should be derived by the one-shot trigger. 
[bookmark: OLE_LINK9]Proposal 4. For PDSCH(s) scheduled with non-numerical K1 the HARQ-ACK timing derived by the earlier DCI is not supported.
Proposal 5. When scheduling by fallback DCI with a non-numerical value of K1, the NFI bit in DCI should be set to the default initial value. 
Proposal 6. HARQ-ACK timing of a PDSCH scheduled with non-numerical K1 is derived according to Table 1 below.
[bookmark: _Ref20769278]Table 1. HARQ-ACK timing of a PDSCH scheduled with non-numerical K1 value
	
	Non-fallback DCI
	Fallback DCI

	Enhanced dynamic codebook
	HARQ-ACK timing derived by the next DL DCI scheduling PDSCH with numerical K1 and with the same group ID
	HARQ-ACK timing derived by the next DL DCI scheduling PDSCH with a numerical value for K1

	Rel-15 dynamic codebook
	HARQ-ACK timing derived by the next DL DCI scheduling PDSCH with a numerical value for K1
	HARQ-ACK timing derived by the next DL DCI scheduling PDSCH with a numerical value for K1

	Semi-static codebook
	NACK is reported if reporting time is out of UE processing time capability, otherwise, the actual A/N is reported
	NACK is reported if reporting time is out of UE processing time capability, otherwise, the actual A/N is reported

	One-shot HARQ-ACK feedback
	HARQ-ACK timing derived by the one-shot trigger when the one-shot HARQ-ACK feedback is triggered
	HARQ-ACK timing derived by the one-shot trigger when the one-shot HARQ-ACK feedback is triggered



Multiple opportunities for HARQ-ACK in frequency domain
[bookmark: OLE_LINK13]In some cases the HARQ feedback transmission may be delayed due to a busy channel or lost due to persistent collisions with the transmissions of hidden nodes on that channel despite the LBT success. A mechanism that exploits the frequency domain diversity in such cases potentially avoids the latency/loss of HARQ feedback. This is due to the fact that each LBT subband potentially observes a different channel occupancy and interference level.
For the carrier aggregation (CA) cases, since the UE is typically indicated with a PUCCH resource on the PCell (or the PSCell) for which the unlicensed CC may span only a single LBT subband similar to the secondary cells of the baseline LAA, NR-U cannot benefit from such frequency diversity unless the gNB is able to indicate to the UE multiple PUCCH resources across multiple aggregated carriers including SCells as shown in Figure 3. Based on the LBT results, the UE can select among the PUCCH resources for which the LBT results were successful to transmit the PUCCH carrying the HARQ-ACK feedback.
For the case of wideband operation in NR-U, the UE can be configured to operate on one or more wideband carriers each spanning multiple 20 MHz unlicensed channels (LBT subbands). Since the LBT procedure is performed in units of 20MHz, it is intuitive for each PUCCH resource to be confined within the LBT bandwidth. Therefore, if the gNB configures the UE with PUCCH Resource Sets that are distributed across the bandwidth of the wideband carrier, a frequency-domain LBT-resilient mechanism can be devised such that the gNB allocates to the UE multiple PUCCH resources for transmission of the same HARQ-ACK feedback, each on a different subband of the wideband carrier. 

[image: ]
[bookmark: _Ref16693949]Figure 3. Multiple PUCCH resources for HARQ feedback indicated on multiple aggregated carriers 
As shown in the example in Figure 4, on the 80 MHz active BWP that might span the whole bandwidth of a wideband carrier or a part thereof, the gNB indicated to the UE in DCI multiple PUCCH resources each on a different 20 MHz subband. If subbands coincide with the unlicensed channels in the 5GHz band, each potentially observes a different coexistence activity and interference level. 
The UE can perform either independent subband LBTs or a hierarchical LBT (as in eLAA multi-channel access), and based on the LBT results, the UE can select among the PUCCH resources for which the LBT results were successful to transmit the PUCCH carrying the HARQ-ACK feedback. Whereas, the gNB blindly detects the PUCCH on the multiple allocated resources. The details for PUCCH resource indication from gNB side and PUCCH resource selection from UE side could be found in our contribution [4].
[image: ]
[bookmark: _Ref16693962]Figure 4.  Multiple PUCCH resources for HARQ feedback indicated on multiple LBT subbands of an active BWP.
The performance evaluation for multiple opportunities for HARQ-ACK in frequency domain is provided in Figure 5.We assume that two NR-U operators are located in separate 20MHz, for each HARQ feedback, 2 opportunities are provided among the 40MHz bandwidth, the other SLS simulation assumptions are found in [5]. Low, Medium and High traffic load are evaluated, it can be found that by introducing more opportunities for HARQ-ACK feedback in frequency domain, the mean throughput could be improved, also the latency could be reduced significantly.
Proposal 7: Multiple opportunities for HARQ-ACK feedback in frequency domain should be supported in NR-U:
· When UE is configured with carrier aggregation (CA), gNB could indicate to the UE multiple concurrent PUCCH resources across multiple activated carriers including SCells.
· When the UE is configured with a wideband BWP, the associated PUCCH Resource Sets should be distributed across multiple LBT subbands of the wideband BWP. 
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[bookmark: _Ref16692344]Figure 5. UPT and latency performance for multiple HARQ-ACK feedback opportunities in frequency domain
Multi-TTI scheduling
[bookmark: OLE_LINK53]Based on the agreement achieved in last meeting, the remaining issues for multi-TTI scheduling are discussed in this section. Considering the DCI design, more fields or more bits are needed compared with single-TTI scheduling, and the same DCI format shared between single-TTI scheduling and multi-TTI scheduling will lead to bit redundancy, since if both single-TTI and multi-TTI scheduling is configured, the DCI size should always be set as the maximum value to cover all of the necessary field/bits for multi-TTI scheduling. Therefore, a new DCI format for multi-TTI scheduling should be supported, e.g. DCI format 0_0A and DCI format 0_1A. Notably, DCI size alignment procedure is defined in R15, it could be found that adding new DCI format does not necessarily increase the blind detection and gNB could control the total number of different DCI sizes. 
For the detailed fields, the following two alternatives for TDRA were discussed in last meeting:
· Alt1: new field in DCI + a single SLIV
· Alt2: implicitly indicated by TDRA table
Although Alt2 could provide the most flexibility for scheduling, when multi-TTI scheduling is configured, only consecutive slot will be allocated, that means the TDRA for the middle slots is meaningless. The slot offset and starting symbol only related to the first slot and the duration only related to the last slot. The PUSCH time domain resource allocation defined in R15 could be reused with new interpretation. Only a new field to indicate the number of scheduled PUSCH is needed. Therefore, Alt 1 for TDRA should be supported. 
Another point is whether to support CBG based retransmission for multi-TTI scheduling or not. Obviously, CBG based retransmission for multiple TTI scheduling will lead to large overhead for DCI, e.g. assuming 8 bit DBGTI for single TTI, then for 4 TTIs scheduling, 32bits are required. On the other hand, considering the general use case for NR-U, the channel state will not change dramatically and if the retransmission is needed, it is more likely that the whole TB should be retransmitted, and then the CBGTI indication will be redundant. Even if the CBG based retransmission is needed for some TBs, gNB could still use single-TTI scheduling to indicate the retransmission for each TB. Therefore, there is no need to support CBG based retransmission for multi-TTI scheduling. 
As discussed above, the new DCI format is defined as below:
[bookmark: _Ref7444549][bookmark: OLE_LINK10]Table 2. Information transmitted by DCI format 0_0A
	Fields
	Description 

	Number of scheduled PUSCHs
	Indicating the Number of scheduled PUSCHs, N

	Frequency domain resource assignment
	provides the frequency domain resource allocation (interlace based)

	Time domain resource assignment
	provides the frequency domain resource allocation(Alt1)

	Transmission mode
	Support different transmission mode, which is discussed in UL signals and channels to support multiple starting points for PUSCH [6], i.e. scheduled by gNB or multiple starting position depends on LBT outcome.

	[bookmark: OLE_LINK57]LBT gap indication/offset from starting position in TDRA
	Indicating whether a LBT gap (e.g. 25us) should be left before the transmission

	Modulation and coding scheme
	Same scheme across multi-PUSCH

	New data indicator
	1 bit *N, N represents the number of scheduled PUSCHs

	Redundancy version 
	2 bits*N, N represents the number of scheduled PUSCHs 

	HARQ process number
	4 bits as R15, The 4-bit applies to the first scheduled PUSCH, and the HARQ process numbers for other scheduled PUSCHs are determined by 
mod (HARQ_ID+i, N_HARQ _process ), i=1,…,N-1, where N_HARQ _process is the number of configured HARQ process.

	TPC command for scheduled PUSCH
	Same as R15

	Padding bits
	Same as R15

	Channel access type indication
	Cat 1 or Cat 2 or Cat 4, indicated for the first PUSCH, and if LBT failed in the first PUSCH, same LBT procedure can be performed in the following PUSCHs

	Channel access priority 
	Indicating the channel access priority for Cat 4 LBT procedure



[bookmark: _Ref7444551]Table 3. Information transmitted by DCI format 0_1A 
	Fields
	Description 

	Carrier indicator
	Same as R15

	Bandwidth part indicator
	Same as R15

	Number of scheduled PUSCHs
	Indicating the Number of scheduled PUSCHs, N

	Frequency domain resource assignment
	provides the frequency domain resource allocation (interlace based)

	Time domain resource assignment
	provides the frequency domain resource allocation(Alt1)

	Transmission mode
	Support different transmission mode, i.e. scheduled by gNB or multiple starting position depends on LBT outcome

	LBT gap indication/ offset from starting position in TDRA
	Indicating whether a LBT gap(e.g. 25us) should be left before the transmission

	Frequency hopping flag
	Supported if contiguous RA is configured

	Modulation and coding scheme
	Same scheme across multi-PUSCH

	New data indicator
	1 bits*N, N represents the number of scheduled PUSCHs 

	Redundancy version 
	 2 bits*N, N represents the number of scheduled PUSCHs 

	HARQ process number
	4 bits as R15, The 4-bit applies to the first scheduled PUSCH, and the HARQ process numbers for other scheduled PUSCHs are determined by 
mod (HARQ_ID+i, N_HARQ _process ), i=1,…,N-1

	TPC command for scheduled PUSCH
	Same as R15

	SRS resource indicator
	Same as R15 

	Precoding information and number of layers
	Same as R15

	Antenna ports
	Same as R15

	SRS request
	This field only applies to a single PUSCH, and to which one is TBD

	CSI request
	This field only applies to a single PUSCH, and to which one is TBD

	PTRS-DMRS association
	Same as R15

	beta_offset indicator
	Same as R15

	DMRS sequence initialization
	Same as R15

	Channel access type indication
	Cat 1 or Cat 2 or Cat 4, indicated for the first PUSCH, and if LBT failed in the first PUSCH, same LBT procedure can be performed in the following PUSCHs

	Channel access priority 
	Indicating the channel access priority for Cat 4 LBT procedure



Proposal 8: For multi-TTI scheduling, the DCI information defined in Table 2 and Table 3 should be supported.
· For TDRA, Alt 1 (new field in DCI + a single SLIV) should be supported.
Conclusions
We discuss HARQ enhancements in NR-U through enhanced HARQ-ACK feedback mechanisms supporting triggered HARQ-ACK feedback, multiple HARQ-ACK feedback opportunities in both time and frequency domains, HARQ-ACK codebook size determination and multi-TTI scheduling. The following observations and proposals were made:
[bookmark: OLE_LINK20]For group base dynamic HARQ-ACK codebook:
Observation 1: For group based dynamic HARQ-ACK codebook, there is no need to indicate the NFI and T-DAI for the non-scheduled group. Error in the last DCI cannot be handled with or without NFI and T-DAI for the non-scheduled group.
Proposal 1: For group based dynamic HARQ-ACK codebook, Alt.1 should be supported.
· NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group.
For one-shot group HARQ-ACK feedback:
Observation 2: Besides the one-shot HARQ-ACK feedback, no further enhancement for semi-static HARQ-ACK codebook is needed.
Proposal 2: If trigger based one-shot HARQ-ACK feedback is supported in NR-U:
· The trigger is only valid for UE which is configured with semi-static HARQ-ACK codebook. 
· The trigger should be carried in a UE-specific DCI not scheduling PDSCH nor PUSCH.
Proposal 3: If trigger based one-shot HARQ-ACK feedback is supported in NR-U:
· HARQ A/N retransmission should be supported.
· A toggled bit for each HARQ process should be reported to tell gNB whether the corresponding HARQ A/N is initial transmitted or retransmitted.
· One-shot HARQ-ACK feedback for CBG based transmission is not supported in R16.
For non-numerical K1:
Proposal 4. For PDSCH(s) scheduled with non-numerical K1 the HARQ-ACK timing derived by the earlier DCI is not supported.
Proposal 5. When scheduling by fallback DCI with a non-numerical value of K1, the NFI bit in DCI should be set to the default initial value. 
Proposal 6. HARQ-ACK timing of a PDSCH scheduled with non-numerical K1 is derived according to Table 1.
Table 1. HARQ-ACK timing of a PDSCH scheduled with non-numerical K1 value
	
	Non-fallback DCI
	Fallback DCI

	Enhanced dynamic codebook
	HARQ-ACK timing derived by the next DL DCI scheduling PDSCH with numerical K1 and with the same group ID
	HARQ-ACK timing derived by the next DL DCI scheduling PDSCH with a numerical value for K1

	Rel-15 dynamic codebook
	HARQ-ACK timing derived by the next DL DCI scheduling PDSCH with a numerical value for K1
	HARQ-ACK timing derived by the next DL DCI scheduling PDSCH with a numerical value for K1

	Semi-static codebook
	NACK is reported if reporting time is out of UE processing time capability, otherwise, the actual A/N is reported
	NACK is reported if reporting time is out of UE processing time capability, otherwise, the actual A/N is reported

	One-shot HARQ-ACK feedback
	HARQ-ACK timing derived by the one-shot trigger when the one-shot HARQ-ACK feedback is triggered
	HARQ-ACK timing derived by the one-shot trigger when the one-shot HARQ-ACK feedback is triggered




For multiple HARQ feedback opportunities in the frequency domain:
Proposal 7: Multiple opportunities for HARQ-ACK feedback in frequency domain should be supported in NR-U:
· When UE is configured with carrier aggregation (CA), gNB could indicate to the UE multiple concurrent PUCCH resources across multiple activated carriers including SCells.
· When the UE is configured with a wideband BWP, the associated PUCCH Resource Sets should be distributed across multiple LBT subbands of the wideband BWP. 
[bookmark: _GoBack]For multi-TTI scheduling:
Proposal 8: For multi-TTI scheduling, the DCI information defined in Table 2 and Table 3 should be supported.
· For TDRA, Alt 1 (new field in DCI + a single SLIV) should be supported.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref331106417][bookmark: _Ref345149415][bookmark: _Ref351725474][bookmark: _Ref377803896][bookmark: _Ref510109017]RAN Chairman’s Notes, 3GPP TSG RAN Meeting #98, Prague, Czech Republic, August 26 – 30, 2019
3GPP TS 38.213 V15.4.0,“Physical layer procedures for control”
3GPP TR 38.889 V16.0.0, “Study on NR-based access to unlicensed spectrum”
R1-1906046, HARQ enhancement in NR unlicensed, Huawei, HiSilicon, RAN1#97, Reno, USA, May 13 – 17, 2019
[bookmark: OLE_LINK56]R1-1908113, NRU wideband BWP operation, Huawei, HiSilicon , RAN1#98, Prague, Czech Republic, Aug 26 – 30, 2019
[bookmark: OLE_LINK58][bookmark: _Ref20751227]R1-1909694, Feature lead summary of HARQ enhancements for NR-U, Huawei, HiSilicon , RAN1#98, Prague, Czech Republic, Aug 26 – 30, 2019


image3.emf
GI=0

R=0

NFI=0

DAI=1

K1=3

GI=0

R=0

NFI=0

DAI=2

K1=2

GI=1

R=0

NFI=0

DAI=1

K1=X

PUCCH

2bits

GI=1

R=0

NFI=0

DAI=2

K1=3

GI=0

R=1

NFI=0

DAI=3

K1=2

PUCCH

5bits

To handle the 

process delay

To correct the 

errors 

GI=0

R=0

NFI=0

DAI=1

K1=3

NFI_O=0

DAI_O=0

GI=0

R=0

NFI=0

DAI=2

K1=2

NFI_O=0

DAI_O=0

GI=1

R=0

NFI=0

DAI=1

K1=X

NFI_O=0

DAI_O=0

PUCCH

2bits

GI=1

R=0

NFI=0

DAI=2

K1=3

NFI_O=0

DAI_O=0

GI=0

R=1

NFI=0

DAI=3

K1=2

NFI_O=0

DAI_O=2

PUCCH

5bits

Alt1

Alt2 

Slot n Slot n+1 Slot n+2 Slot n+3 Slot n+4 Slot n+5 Slot n+6 Slot n+7


image4.emf
GI=0

R=0

NFI=0

DAI=1

K1=3

NFI_O=0

DAI_O=0

GI=0

R=0

NFI=0

DAI=2

K1=2

NFI_O=0

DAI_O=0

GI=1

R=0

NFI=0

DAI=1

K1=X

NFI_O=0

DAI_O=0

PUCCH

2bits

GI=1

R=0

NFI=0

DAI=2

K1=3

NFI_O=0

DAI_O=0

GI=0

R=1

NFI=0

DAI=3

K1=2

NFI_O=0

DAI_O=2

PUCCH

error

Alt2 

Slot n Slot n+1 Slot n+2 Slot n+3 Slot n+4 Slot n+5 Slot n+6 Slot n+7


image5.png
Non-indic;te\d

Celll ™\
Cell 2

20 | "

MHz Cell5

UEis
Pre-configured

[ with Cell Group

{0,1,2,5}




image6.png
Wideband
BWP

(80 MHz)

20
MHz el

B

UE
LBT

PUCCH 1

PUSCH

UE
LBT
Failed

PUSCH

UE
LBT
Failed

PUCCH 2

UE
LBT

PUCCH 3

Subband
[ 1

Subband
r 2

Subband
r 3

Subband
ro4





image7.png
i

& 8

x
p

DL mean UPT(Mbps)

Medum

mNoerhancament B enhancement




image8.png
02

02

o1

01

o0

Mean Latency(s)

Medum

mNoerhancament B enhancement




image1.emf
K1=3

(4,4)

(X,Y)

：

 counter DAI = X

，

 total DAI = Y

，

 

K1

：

value indicated in PDSCH-to-HARQ-timing-indicator, X represent non-numerical value

K1=3

(3,4)

K1=3

(2,4)

K1=3

(1,4)

K1=2

(5,6)

K1=2

(6,6)

14 bit

Slot n Slot n+1 Slot n+2 ... Slot m Slot m+2 Slot m+1

PDSCH group 1

Cell 1

Cell 2

Cell 3

Cell 4

K1=2

(7,9)

K1=X

(3,3)

K1=X

(2,3)

K1=X

(1,3)

K1=2

(8,9)

K1=2

(9,9)

6 bits

PDSCH group 2

PUCCH 2 PUCCH 1

Slot m-1 Slot n+3

COT1 COT2

Group ID=0

Request=0

NFI = 0

Group ID=1

Request=0

NFI = 0

Group ID=0

Request=1

NFI = 0

UE missed the 

whole group

K1=3

(5,5)

K1=3

(4,5)

Group ID=1

Request=1

NFI = 0


image2.emf
K1=3

(4,4)

(X,Y)

：

 counter DAI = X

，

 total DAI = Y

，

 

K1

：

value indicated in PDSCH-to-HARQ-timing-indicator, X represent non-numerical value

K1=3

(3,4)

K1=3

(2,4)

K1=3

(1,4)

K1=2

(5,6)

K1=2

(6,6)

14 bit

Slot n Slot n+1 Slot n+2 ... Slot m Slot m+2 Slot m+1

PDSCH group 1

Cell 1

Cell 2

Cell 3

Cell 4

K1=2

(4,6)

K1=X

(3,3)

K1=X

(2,3)

K1=X

(1,3)

K1=2

(5,6)

K1=2

(6,6)

6 bits

PDSCH group 2

PUCCH 2 PUCCH 1

Slot m-1 Slot n+3

COT1 COT2

Group ID=0

Request=0

NFI = 0

Group ID=1

Request=0

NFI = 0

UE missed the 

whole group

K1=3

(8,8)

K1=3

(7,8)

Group ID=1

Request=1

NFI = 0

Group ID=0

Request=1

NFI = 0


