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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the previous meetings [1], the following agreements has been achieved:
· 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
· 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: 
· [bookmark: OLE_LINK15]One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· [bookmark: OLE_LINK19]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 discuss the remaining issues for HARQ enhancement and scheduling, including the comparison between the above 2 options for dynamic HARQ-ACK codebook, semi-static HARQ-ACK codebook enhancement, multiple opportunities for the HARQ-ACK feedback in frequency domain, also the DCI design for multi-TTI scheduling is included.
[bookmark: _Ref129681832]HARQ-ACK timing indicator (K1) design
One conclusion from the last meeting is that no additional value of K1 signaled by PDSCH-to-HARQ-timing-indicator needs to be introduced for the purpose of requesting feedback outside the COT. However, considering the transmission with 60KHz SCS, a larger K1 is necessary for feedback inside the COT. To achieve the self-contained COT HARQ-ACK feedback, the value indicated in PDSCH-to-HARQ-timing should support indicating timings up to the end of the longest COT allowed by regulation. Take the COT with 10ms length as an example, there will be at least 40 slots in each COT (or more with some gaps of at least 100 us). It can be found that the current available values for K1 (e.g. the largest available value is 15) are obviously not sufficient, either for the self-contained COT HARQ-ACK feedback or cross-COT HARQ-ACK feedback. Therefore, values larger than 15 by RRC signaling should be allowed in order to use the longest COT with a structure such as many DL slots following by a few UL symbols used for carrying the HARQ feedback of most the PDSCHs scheduled within this COT (with the possible exception of the very last ones). This avoids having to rely on multiple DL/UL switching points (risk of losing the channel) or without having to delay most of the HARQ feedback to a later COT (larger latency, fewer usable HARQ processes).
Proposal 1: Values larger than 15 by RRC signaling should be allowed in NR-U.
Semi-static HARQ-ACK codebook (Type-1)
For semi-static HARQ-ACK codebook in R15, as described in 38.213[2], UE determines a set of occasions for candidate PDSCH for which the UE can transmit corresponding HARQ-ACK information in a PUCCH. The occasion set basically depends on the set of slot timing values K1, e.g. if UE is configured to monitor PDCCH for DCI format 1_0, K1 is provided by the slot timing values {1,2,3,4,5,6,7,8}, and if UE is configured to monitor PDCCH for DCI format 1_1, K1 if provided by higher layer parameter. 
Due to LBT uncertainty, error cases could become more frequent in unlicensed band, and multiple opportunities for HARQ-ACK feedback will be provided. To support the triggered HARQ-ACK feedback, one potential solution is extending the semi-static HARQ-ACK codebook to cover the accumulation of HARQ-ACK feedback(s) for the previous PDSCH(s). As shown in Figure 1, UE is configured to monitor PDCCH for DCI format 1_0, then for PUCCH1 in slot n, the default set of occasions (O1) should be slot {n-8,…, n-1}, and for PUCCH2 in slot m, the default set of occasions (O2) should be slot {n-4,…, m-1} (where slot n may be excluded since it is for UL). Assuming that PUCCH1 was not transmitted by UE due to LBT failure, then gNB could send a trigger to indicate UE reporting the corresponding feedbacks in PUCCH2. Upon receiving the trigger, the set of occasions for PUCCH2 could be extended, e.g. the extended set of occasions for PUCCH2 should be the union of O1 and O2. 
It could be found that to determine the size of the extended occasion set, both gNB and UE should make additional decisions, otherwise, more detailed signaling is needed. On the other hand, since semi-static HARQ-ACK codebook has already included some feedbacks for the non-transmitted occasions (e.g. slot n-8, n-4 and n-1 in Figure 1), 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. Therefore, for the semi-static HARQ-ACK codebook determination:
· If the one-shot trigger is received, the codebook size equals to the number of configured HARQ processes
· Otherwise, the same determination procedure as NR R15.
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[bookmark: _Ref6671857]Figure 1. Semi-static codebook with dynamic extension for triggered HARQ-ACK feedback
Another issue that should be addressed is the case where the HARQ-ACK feedback for a PDSCH is postponed by signaling a non-numerical value by PDSCH-to-HARQ-timing-indicator, which means that the UE should firstly store the HARQ-ACK feedback and wait for another signaling to determine the actual time for HARQ-ACK transmission. Generally, this will occurs when there is no time for UE to transmit the HARQ-ACK feedback before the end of the COT for one or more PDSCHs due to UE capability.
To facilitate the description, a stored set of occasions (O_S) is defined as a set of occasions in which the non-numerical value is indicated by PDSCH-to-HARQ-timing-indicator, as shown in Figure 2, slot n-2 and slot n-1 form the stored set of occasions. In should be noted that, O_S may already be included in the default set of occasions for one PUCCH, so NACK value(s) should be reported in this PUCCH, e.g. NACKs for O_S should be reported in PUCCH1 as expected by the gNB.
After obtaining a new COT, gNB could trigger the HARQ-ACK feedback(s) for O_S, i.e. using a dedicated trigger to indicate UE reporting the stored HARQ-ACK information. 
Upon receiving the dedicated trigger, the corresponding set of occasions should be extended to contain the previously stored (but yet unreported) HARQ-ACK feedback(s), e.g. the corresponding set of occasions for PUCCH2 should be the union of O2 and O_S. Generally, the size of the O_S depends on the processing capability of UE, and this information is also aligned between UE and gNB.
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[bookmark: _Ref6675716]Figure 2. Semi-static codebook with dynamic extension for postponed HARQ-ACK feedback
Proposal 2: For semi-static HARQ-ACK codebook determination in NRU:
· For the first feedback of HARQ-ACK for a PDSCH:
· Include in the same feedback report all the HARQ feedback postponed by PDSCH-to-HARQ-timing indicator which meets the UE processing time requirements
· For a request to re-transmit HARQ feedback:
· Use one-shot triggering for all HARQ processes.
Dynamic HARQ-ACK codebook (Type-2)
[bookmark: OLE_LINK18][bookmark: OLE_LINK14]As agreed in last meeting, for the triggered HARQ-ACK feedback mechanism, a PDSCH group index in DCI is used to tell UE for which group the HARQ-ACK feedbacks should be reported. gNB can request HARQ-ACK feedback in one PUCCH for all PDSCHs in the same group. There are still two grouping mechanism:
· Option 1: One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· Option 2: One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
For option1, PDSCHs are naturally grouped based on the PDSCH-to-HARQ-timing-indicator, i.e. the PDSCH(s) for which the HARQ-ACK information is firstly indicated to be carried in a same PUCCH could be considered as a group. Besides the group index, additional signaling should be included to tell UE how many/which group should be acknowledged, e.g. the number of groups or a group-level bitmap, etc. As shown in Figure 3(a), in the first COT gNB could indicate UE to report the HARQ-ACK feedbacks in PUCCH1 for PDSCHs in slot n and slot n+1 by setting K1=3 and K1=2 respectively. These PDSCHs could be assigned a group ID = 1, and only 1 group should be acknowledged (group num =1). For the PDSCHs in slot n+2, since the HARQ-ACK feedbacks could not be transmitted in current COT due to UE capability, gNB could set K1=X (the non-numerical value) to indicate UE store the HARQ-ACK information, and group ID=2, group num = 0. In COT2, after accessing the channel, gNB could trigger UE to report the previously stored HARQ-ACK information for PDSCHs in slot n+2 along with the HARQ-ACK feedbacks for PDSCHs in slot m, by assigning a same group ID=2 to them. Besides, assuming that PUCCH1 is missed by gNB or is not transmitted due to LBT failure, gNB could indicate UE to retransmit it in PUCCH2 as well by setting the group num = 2.
For option2, as long as the HARQ-ACK feedback(s) (including the initial transmission and retransmission) are carried in a same PUCCH, the corresponding PDSCH(s) will be considered as a group. Besides the group index, additional signaling is also needed to tell UE whether the feedback for each group has been correctly received or not, e.g. a toggled bit. Same issues as option 1 is considered in Figure 3(b), to address the postponed HARQ-ACK feedback for PDSCHs in slot n+2, a new group ID is assigned. In COT2, either group ID =1 or group ID =2 could be reused. However, no matter which one is chosen, it will always leave the HARQ-ACK feedback for another group pending until an additional COT is obtained, which will lead to large latency.
It can be found that, compared with option 2, more signaling bits may be needed for option 1. However, for option 2 multiple PUCCHs are always needed, while for option 1 the gNB could trigger HARQ-ACK feedback for all of the pending groups in one PUCCH, which could obviously save LBT overhead.  In unlicensed band, the error case or latency is more likely due to the LBT uncertainty and saving the times of LBT should have a priority. Therefore, for the triggered HARQ-ACK feedback mechanism, option 1 is preferred. 
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(a) [bookmark: OLE_LINK22]Illustration for option 1
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(b) Illustration for option 2
[bookmark: _Ref7026201]Figure 3. HARQ-ACK feedback mechanism based on group indication
[bookmark: OLE_LINK16]Besides the group indication, to avoid the misunderstanding on the HARQ-ACK codebook for UE, gNB should also exactly indicate how many PDSCHs (including the potential accumulated ones for which the HARQ-ACK feedbacks are not reported due to cross-COT feedback or LBT failure) should be acknowledged.
[bookmark: OLE_LINK12]The existing DAI mechanism in NR could be considered as the starting point, however, in order to indicate the accumulated unacknowledged PDSCH(s), both the counter DAI and total DAI should be extended. As shown in Figure 4, group indication based on option 1 is assumed. Assume that PUCCH in slot j is not received by gNB, then gNB will send a trigger to indicate that the feedback for PDSCH group 1 should be reported along with that for PDSCH group 2 (e.g. setting group num = 2). The counter DAI and total DAI in the DCI scheduling PDSCH in PDSCH group 2 should also count in the HARQ processes in PDSCH group 1. From UE’s perspective, based on the gNB’s trigger and the previous DAI indication, UE could know that the HARQ-ACK feedbacks for group 1 (6bits) should be transmitted along with the HARQ-ACK feedback for group 2. Note that, the absolute value for counter DAI and total DAI is just used to facilitate the description. In practice, modulo operation will be performed. Compared with the DAI field in current DCI format 1_1, more bits in counter DAI and total DAI are required since the number of previous pending PDSCH(s) should be also included.
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[bookmark: _Ref7430224]Figure 4. Illustration for HARQ-ACK codebook size indication by extended DAI
Proposal 3: For dynamic HARQ-ACK codebook, option 1 should be supported. The PDSCH group ID and/or PDSCH group number could be used. Both the downlink assignment indicator (DAI) and the HARQ-ACK feedback trigger are used to determine the codebook size.
· The scheduled PDSCH(s) for which the HARQ-ACK information is firstly indicated to be carried in a same PUCCH is assigned a same PDSCH group ID.
· Each PDSCH-to-HARQ-timing-indicator is associated with a PDSCH group number. 
· The existing DAI mechanism should be extended by
· Increasing the number of bits in counter DAI and total DAI 
· Counting the HARQ process(es) in previous COT(s) which is not acknowledged due to UE capability or LBT failure, using the PDSCH group ID and/or PDSCH group number.
One-shot group HARQ ACK feedback
To address the error cases caused by LBT failure or miss-detection, one-shot group HARQ ACK feedback is a simple and effective 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.
However, due to the large payload, it should be considered as a fallback solution for the severe cases, e.g. UE could not access the channel for a long time and/or there are a lot of accumulated feedbacks that need to be reported, then gNB could request the one-shot group HARQ-ACK feedback, no matter whether the semi-static codebook or dynamic codebook is configured for a UE. To support this mechanism, 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 those would already contain enhancements for dynamic codebook operation (proposal 2) and semi-static operation (proposal 3). On the other hand, having a mechanism to request HARQ feedback without scheduling a PDSCH would be useful.
For the CBG transmission, one-shot group HARQ-ACK feedback will result in large payload size, compression schemes to reduce the payload size should be further studied.
[bookmark: OLE_LINK1]Proposal 4: Trigger based one-shot group HARQ-ACK feedback should be supported in NRU, in addition to enhancements for dynamic codebook and enhancements for semi-static codebook:
· The trigger should be carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The trigger could be used for dynamic or semi-static HARQ codebook
· FFS: one-shot group HARQ-ACK feedback for CBG based transmission

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.
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[bookmark: _Ref4604465]Figure 5. Multiple PUCCH resources for HARQ feedback indicated on multiple aggregated carriers 
However, 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 5. 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.
Proposal 5: gNB can indicate to a UE multiple PUCCH resources in frequency-domain in which the HARQ-ACK feedback can be transmitted based on LBT results.
Proposal 6: When the UE is configured with an unlicensed PCell/PSCell spanning a single LBT subband, NR-U should support the gNB indicating to the UE multiple PUCCH resources across multiple activated carriers including SCells.
[image: ]
[bookmark: _Ref4604485]Figure 6. Options for the signaling mechanism for dynamic allocation of multiple PUCCH resources on multiple aggregated carriers 

Towards that end, a bitmap can be introduced in the DCI scheduling the PDSCH to indicate to the UE which cells out of the configured cell group are intended for PUCCH resource allocation, i.e., the Cross-carrier PUCCH Indication Bitmap in Figure 6. The two mechanisms shown therein are possible signaling options: 
· CA-Opt1: If cells are configured with identical PUCCH Resource Sets, one simple mechanism is to reuse the value of the legacy PUCCH Resource Indicator field and propagate it to all the cells indicated in the Cross-carrier PUCCH Indication Bitmap. 
· CA-Opt2: If cells are not necessarily configured with identical PUCCH Resource Sets, or it is desired for the gNB to be able to allocate a combination of different PUCCH resources in the DCI, a Multi-PUCCH-Resource Indicator field can be introduced to replace the legacy PUCCH Resource Indication field. The bitwidth may depend on the max number of PUCCH resources that can be indicated simultaneously. Using the Cross-carrier PUCCH Indication Bitmap, the Resource Indicator fields corresponding to cells that are not intended for the PUCCH resource allocation are ignored by the UE.
Proposal 7: For gNB to dynamically indicate multiple PUCCH resources across multiple activated carriers including SCells, a bitmap is used to indicate to the UE which cells are intended for the PUCCH resource indicated by the legacy PUCCH Indicator field (CA-Opt1).
Proposal 8: For gNB to dynamically allocate different PUCCH resource indexes across multiple activated carriers including SCells, a Multi-PUCCH-Resource Indicator field replaces the legacy PUCCH Resource Indication field (CA-Opt2).
In some cases, the UE may acquire more than one cell for transmission of PUCCH. For example the UE in Figure 5 may determine that both Cell 2 and Cell 5 are unoccupied, and therefore the respective PUCCH resources are both available for transmission of the UCI. The UE can therefore be configured to execute one of the following rules: 
· UE applies a preset priority order, e.g., in the frequency domain
· UE randomly selects one cell
· UE selects the cell associated with the earliest starting point (e.g., when an offsets is applied to each LBT bandwidth)   
Alternatively, the UE may transmit additional UCI on the additional unoccupied cell or cells. For example, the UE may transmit pending HARQ feedback from earlier PDSCH transmission(s). The UE may also repeat the transmission of the UCI in different cells for improved reliability in some use cases.
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. 
As shown in the example in Figure 7, 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. 
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[bookmark: _Ref876908]Figure 7.  Multiple PUCCH resources for HARQ feedback indicated on multiple LBT subbands of an active BWP.
Since all PUCCH resources belong to the same PUCCH Resource Sets configured for the wideband BWP, it is sufficient for the gNB to indicate multiple unique resource indexes within the appropriate PUCCH Resource Set the UE will identify. Resource waste can be avoided by gNB assigning different priorities/starting positions for UEs configured with the same resource
The UE can perform either independent subband LBTs or a hierarchical LBT (as in eLAA type 2), 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.
Proposal 9: 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. 
Proposal 10: UEs indicated with the same PUCCH resource can be assigned different access priorities/starting positions to improve the resource utilization.
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Figure 8. Dynamic indication of multiple PUCCH resource allocation across multiple subbands of a WB BWP.
As shown in Figure 7, 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. Since all PUCCH resources belong to the same PUCCH Resource Sets configured for the wideband BWP, it is sufficient to for the gNB use a PUCCH Resource bitmap in DCI to indicate multiple unique resource indexes within the appropriate PUCCH Resource Set the UE will identify.
Proposal 11: For efficient dynamic indication of multiple PUCCH resources across multiple LBT subbands of a wideband BWP, a PUCCH resource bitmap can be used instead of multiple legacy PUCCH RI fields.
Proposal 12: The UE applies a preconfigured selection rule in the case the UE acquires more than one LBT subband corresponding to the indicated PUCCH resources.

Multi-TTI scheduling
It has been agreed that different TBs in consecutive TTIs should be supported. Considering the DCI design, the basic indication in NR R15, e.g. the information in DCI format 0_0 and DCI format 0_1 which are common across different TTIs should be reused, including identifier for DCI format, carrier indicator, UL/SUL indicator, bandwidth part indicator, Modulation and coding scheme, TPC command for scheduled PUSCH, Precoding information and number of layers, Antenna ports, PTRS-DMRS association, SRS resource indicator, SRS request, CSI request, etc. Other information which may be different across different TTIs, including time domain resource assignment and/or frequency domain resource assignment and/or CBGTI should be further studied.
Besides, for the indication for multi-TTI scheduling, the corresponding eLAA fields in DCI format 0B and DCI format 4B could be considered as a starting point. The following fields could be adopted with enhancement:
-	Number of scheduled slots  
-	New data indicator – Each scheduled PUSCH corresponds to 1 bit. 
-	Redundancy version –Each scheduled PUSCH corresponds to 2 bit.
-	PUSCH starting symbol 
-	PUSCH ending symbol 
-	HARQ process number - The field applies to the first scheduled TTI, and the HARQ process numbers for other scheduled TTIs can be calculated by a predefined rule.
Therefore, for multi-TTI scheduling, the fields defined in the DCI below could be considered:
[bookmark: _Ref7444549][bookmark: OLE_LINK10]Table 1. Enhanced DCI format for multi-TTI scheduling on top of DCI format 0_0
	Fields
	Description 

	Identifier for DCI format
	Indicating an UL DCI format

	Identifier for multi-TTI scheduling
	Indicating multi-TTI scheduling

	Number of scheduled TTIs
	Indicating the Number of scheduled TTIs, N

	Frequency domain resource assignment
	provides the frequency domain resource allocation (interlace based)
(same or different across multiple TTIs)

	Time domain resource assignment
	provides the frequency domain resource allocation
(one or multiple SLIV(starting symbol and length))

	LBT gap indication/staring position
	Indicating whether a LBT gap(e.g. 25us) should be left before the transmission

	Modulation and coding scheme
	same as R15

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

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

	HARQ process number
	4 bits as R15, The 4-bit applies to the first scheduled TTI, and the HARQ process numbers for other scheduled TTIs 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

	UL/SUL indicator
	Same as R15

	Channel access type indication
	Cat 1 or Cat 2 or Cat 4 

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



[bookmark: _Ref7444551]Table 2. Enhanced DCI format for multi-TTI scheduling on top of DCI format 0_0
	Fields
	Description 

	Identifier for DCI format
	Indicating an UL DCI format

	Carrier indicator
	Same as R15

	Bandwidth part indicator
	Same as R15

	Identifier for multi-TTI scheduling
	Indicating multi-TTI scheduling

	Number of scheduled TTIs
	Indicating the Number of scheduled TTIs

	Frequency domain resource assignment
	provides the frequency domain resource allocation (interlace based)
(same or different across multiple TTIs)

	Time domain resource assignment
	provides the frequency domain resource allocation
(one or multiple SLIV(starting symbol and length))

	LBT gap indication/staring position
	Indicating whether a LBT gap(e.g. 25us) should be left before the transmission

	Modulation and coding scheme
	same as R15

	New data indicator
	Same as R15

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

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

	TPC command for scheduled PUSCH
	Same as R15

	Padding bits
	Same as R15

	UL/SUL indicator
	Same as R15

	SRS resource indicator
	Same as R15 or enhancement to support interlace-based SRS

	Precoding information and number of layers
	Same as R15

	Antenna ports
	Same as R15

	SRS request
	Same as R15

	CSI request
	Same as R15

	CBG transmission information (CBGTI)
	One or more sub-field to indicate the CBG transmission for multi-TTI scheduling

	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 

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



Proposal 13: For multi-TTI scheduling, the DCI information defined in Table 1 and Table 2 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 HARQ-ACK timing indicator (K1):
Proposal 1: Values larger than 15 by RRC signaling should be allowed in NR-U.
For semi-static HARQ-ACK codebook determination:
Proposal 2: For semi-static HARQ-ACK codebook determination in NRU:
· For the first feedback of HARQ-ACK for a PDSCH:
· Include in the same feedback report all the HARQ feedback postponed by PDSCH-to-HARQ-timing indicator which meets the UE processing time requirements
· For a request to re-transmit HARQ feedback:
· Use one-shot triggering for all HARQ processes.
For dynamic HARQ-ACK codebook determination:
Proposal 3: For dynamic HARQ-ACK codebook, option 1 should be supported. The PDSCH group ID and/or PDSCH group number could be used. Both the downlink assignment indicator (DAI) and the HARQ-ACK feedback trigger are used to determine the codebook size.
· The scheduled PDSCH(s) for which the HARQ-ACK information is firstly indicated to be carried in a same PUCCH is assigned a same PDSCH group ID.
· Each PDSCH-to-HARQ-timing-indicator is associated with a PDSCH groupnumber. 
· The existing DAI mechanism should be extended by
· Increasing number of bits in counter DAI and total DAI 
· Counting on the HARQ process(es) in previous COT(s) which is not acknowledged due to UE capability or LBT failure, using the PDSCH group ID and/or PDSCH group number.
For one-shot group HARQ-ACK feedback:
Proposal 4: Trigger based one-shot group HARQ-ACK feedback should be supported in NRU, in addition to enhancements for dynamic codebook and enhancements for semi-static codebook:
· The trigger should be carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The trigger could be used for dynamic or semi-static HARQ codebook
· FFS: one-shot group HARQ-ACK feedback for CBG based transmission
For multiple HARQ feedback opportunities in the frequency domain:
Proposal 5: gNB can indicate to a UE multiple PUCCH resources in frequency-domain in which the HARQ-ACK feedback can be transmitted based on LBT results.
Proposal 6: When the UE is configured with an unlicensed PCell/PSCell spanning a single LBT subband, NR-U should support the gNB indicating to the UE multiple PUCCH resources across multiple activated carriers including SCells.
Proposal 7: For gNB to dynamically indicate multiple PUCCH resources across multiple activated carriers including SCells, a bitmap is used to indicate to the UE which cells are intended for the PUCCH resource indicated by the legacy PUCCH Indicator field (CA-Opt1).
Proposal 8: For gNB to dynamically allocate different PUCCH resource indexes across multiple activated carriers including SCells, a Multi-PUCCH-Resource Indicator field replaces the legacy PUCCH Resource Indication field (CA-Opt2).
Proposal 9: 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. 
Proposal 10: UEs indicated with the same PUCCH resource can be assigned different access priorities/starting positions to improve the resource utilization.
Proposal 11: For efficient dynamic indication of multiple PUCCH resources across multiple LBT subbands of a wideband BWP, a PUCCH resource bitmap can be used instead of multiple legacy PUCCH RI fields.
Proposal 12: The UE applies a preconfigured selection rule in the case the UE acquires more than one LBT subband corresponding to the indicated PUCCH resources.
For multi-TTI scheduling:
[bookmark: _GoBack]Proposal 13: For multi-TTI scheduling, the DCI format defined in Table 1 and Table 2 should be supported.
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