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1. Introduction & Background
In this contribution, we provide our views on the remaining issues of configured grant (CG) enhancement in NRU, including time domain resource configuration, UCI content and multiplexing, as well as HARQ feedback related issues.
2. Discussion
2.1. Time domain resource configuration
2.1.1. Multiple PUSCHs within a slot 
Agreement in RAN1 #97:

For configured grant time domain resource allocation, the mechanisms in Rel-15 (both Type 1 and Type 2) are extended so that the number of allocated slots following the time instance corresponding to the indicated offset can be configured 

· FFS: How to indicate multiple PUSCHs within a slot.

Agreement in RAN1 #97:

UE can only start transmissions accessing transmission opportunities provided by a configured grant at the configured/indicated starting position.
In RAN1 #97, it was agreed that the mechanisms for configured grant time domain resource allocation in Rel-15 NR (both Type 1 and Type 2) are extended so that the number of allocated slots following the time instance corresponding to the indicated offset can be configured in NRU. More specifically, a new parameter cg-nrofSlots-r16 is introduced to indicate the allocated N slots following the time instance corresponding to the indicated offset. However, how to indicate multiple PUSCHs within each slot should be designed. Multiple active configurations for configured grant are supported as agreed Rel-16, so there are two alternatives for the length configuration of PUSCH in time domain as is shown in Figure 1:

· Alt 1: Length of the different PUSCHs are the same for a given configuration.
· Alt 2: Length of the different PUSCHs can be different (at least one PUSCH can be of different length) within a slot for a given configuration.
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Figure 1: Length of the different PUSCHs in time domain
In Rel-15 NR, PUSCH repetition is supported to improve the transmission reliability, and the number of repetitions is configured by repK indicating one of {1, 2, 4, 8}. When UE is configured with repK > 1, the UE shall repeat the TB across the repK consecutive slots applying the same symbol allocation in each slot.

For NRU CG, if the UE reuses the repetition rule as Rel-15 NR, the UE shall perform LBT for at least repK times when there are gaps between the repeated PUSCHs. Therefore, the UE shall repeat the TB in the repK consecutive transmission occasion candidates instead of across consecutive slots applying the same symbol allocation in each slot. 
The PUSCH repetition is expediently transmitted in the same length time domain resource, the MCS may be different or the resource may need to be punctured when the length of repeated PUSCHs are different. Therefore, Alt 1 is more suitable for PUSCH repetition than Alt 2. While to make sure the same length for different PUSCHs, the gap between PUSCHs may be created, which may lead to successful channel access by the other nodes during the gap. However, the gap can be used to transmit another PUSCH using another configuration, which doesn’t leave gap between PUSCHs. For example, as shown in Figure 2, configuration 2 is used when transmitting TB1 after successful LBT, then the UE switches to configuration 1 when transmitting TB2. Note that in the example the repK is configured as 2.
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Figure 2: Switching between multiple configurations for NRU CG
Proposal 1: For NRU configured grant, length of the different PUSCHs are the same for a given configuration.
Another way to resolve the gap symbols problem could be by configuring SRS on those symbols, for example in the configuration 2 in figure 2, last 2 symbols in each slot can be configured with SRS. Similar to the number of allocated slots following the time instance corresponding to the indicated offset can be configured for CG-PUSCH, number of allocated slots following indicated offset can also be configured for periodic/semi-persistent SRS.
Proposal 2: The number of allocated slots following the time instance corresponding to the indicated offset can be configured for periodic/semi-persistent SRS.
In Rel-15 NR, only one PUSCH is configured in each CG period where SLIV will indicate the actual position of this PUSCH together with indicated slot offset in RRC configuration (Type 1) or DCI (Type 2). For NRU, actual position of multiple PUSCHs will be configured based on SLIV and N together with indicated slot offset. Here, the mapping for the PUSCH occasion candidates will be considered separately in terms of the first slot and the remaining N-1 slots. 
Specifically, within the first slot, the SLIV in RRC configuration (Type 1) or DCI (Type 2) indicate the first PUSCH occasion candidate. Then for the remaining PUSCH occasion candidates, starting position and ending position are determined according to the first PUSCH occasion candidate in consecutive resources. As depicted in Figure 3, the SLIV indicates that the first transmission occasion candidate is from symbol #2 to symbol #3, then the 2nd, the 3rd ones are separately from symbol #4 to symbol #5, symbol #6 to symbol #7, and so on. Within the remaining each N-1 allocated slots, the first PUSCH occasion candidate starts from symbol #0 by assuming S=0, and the remaining transmission occasions immediately follow the first one in consecutive resources. 
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Figure 3: Example of resource mapping within every slot for an offset within a period for NRU UL configured grant
Proposal 3: The CG PUSCH mapping in configured N (N >=1) slots given one SLIV value and offset value as follows:
· The allocated N slots contains the first slot determined by the indicated offset value as Rel-15 NR and successive N-1 slots.
· The first slot: start with SLIV indicated PUSCH transmission candidate and contiguous PUSCH transmission candidates with length L until slot boundary, i.e. [S, S + L - 1], [S + L, S + 2 * L - 1], …, [S + (n0 - 1) * L, S + n0 * L - 1] where n0= ⌊(14 - S)  /  L⌋.
· The ith slot in successive N-1 slots (N>1): start with symbol#0 and contiguous PUSCH transmission candidates with length L until slot boundary, i.e. [0, L - 1], [L, 2 * L - 1], …, [(ni - 1) * L, ni * L - 1] where ni=⌊14  /  L⌋.
For PUSCH repetition, gNB may combine the repK UCIs in some cases but fails to decode correctly due to lack of knowledge on the repeated TB resource mapping. For instance, gNB may not decode the respective UCI correctly in severe channel condition such that gNB is not able to get knowledge of HARQ process ID from respective UCI. Therefore, the RV field should be invalid in UCI when CG-PUSCH repetition transmission is configured in NRU. 
Hence, the resource mapping for a repeated TB should be configured. Firstly, The PUSCH transmission occasion candidates are divided into S resource groups, in which one resource group includes repK consecutive transmission occasion candidates. Then, once UE performs LBT successfully, the UE shall repeat the TB in consecutive transmission occasion candidates within the resource group.
As shown in Figure 4, the grey blocks are the transmission occasion candidates, and the green blocks are PUSCH actually transmitted after successful LBT. Specifically, there are 8 slots allocated during the CG period, and the repK is configured as 2, the SLIV is configured as “S = 0, L =7”, as a result, there are 8 configured resource groups as shown. Moreover, UE can continue transmitting the other TBs in the continuous resources immediately following the transmission of the first TB. In this example, the UE performs LBT successfully in resource group 5, so the UE transmits TB1 twice within resource group 5, after that, the UE can transmit TB2 twice if there are remaining data to be sent after TB1 transmission.
Proposal 4: For NRU configured grant, the UE shall repeat the TB in the consecutive transmission occasion candidates within a resource group.
· The PUSCH transmission occasion candidates are divided into S resource groups, in which one resource group includes repK consecutive transmission occasion candidates. 
Proposal 5: The RV field should be invalid in UCI when CG-PUSCH repetition transmission is configured in NRU.
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Figure 4: Example of repetition transmission for a UE with two TBs when multiple transmission occasion candidates for an offset within a period for NRU configured grant
2.1.2. Ending symbol 

Agreement in RAN1 #98b:
The starting time offset applied by a UE at the beginning of a transmitted burst with a CG resource at the start of the transmission burst, is RRC configured and defined as the length of a CP extension of the first symbol that is located before the configured resource 

· Regardless of SCS, the CP extension is up to 72 micro seconds with a granularity of 9 micro seconds

In FeLAA, the ending symbol of PUSCH in the set {12os, 13os} is indicated in UCI, and the PUSCH ending symbol of the last AUL subframe in an AUL burst is configured by RRC. Moreover, if the UE indicates a subframe as being applicable for UL to DL COT sharing, the UE will stop its AUL PUSCH transmission in the preceding subframe at symbol #12 irrespective of the RRC configuration for the PUSCH ending symbol. There are two reasons for PUSCH ending symbol indication, the first one is to create the LBT gap to make other UEs access the channel as soon as possible, and the second one is to ensure the UL/DL switching gap when eNB shares the UE initiated COT. 
For the first reason, in NRU CG, as it has been agreed that the CP extension which is up to 72us of the first symbol that is located before the configured resource. To make sure the LBT gap can satisfy the defer time of 79us for LBT CAT 4 of the highest priority class value, the ending symbol before the starting time offset maybe more than 4 symbols when SCS is 60khz. However, the length of CP extension is up to 4 symbols when SCS is 60khz. So, if the number of symbols before the actual CG resource need to be more than 8 symbols when SCS is 60khz which is not suitable for transmitting. Moreover, mini-slot has already increased the channel access probability for other UEs. Therefore, it is not necessary to configure the ending symbol for the purpose of increasing other UEs’ channel access probability.

For the second reason, in NRU CG, when gNB shares the UE initiated COT, the length of ending symbol needs to satisfy the gap of 25us or 16us for LBT CAT 2 or LBT CAT 1. Therefore, the number of ending symbol can be different for different SCS sizes and different LBT types when gNB shares the UE initiated COT. For example, when SCS is 60khz, the number of ending symbol can be configured as 2 when gNB makes 25us LBT cat 2, while can be configured as 1 when gNB makes 16us LBT cat 2 or LBT cat 1.
Proposal 6: The number of ending symbol can be different for different SCS sizes and different LBT types when gNB shares the UE initiated COT.
2.2. UCI content and multiplexing
2.2.1. UCI content
Agreement in RAN1 #AH-1901:
CG-UCI should at least include the following information:

· HARQ ID

· NDI

· RV

· COT sharing information, FFS details

· FFS: other information including UE ID

Agreement in RAN1 #96:
When a UE initiates a channel occupancy with a transmission using a configured grant, it can signal at least the following

· The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
· FFS: 

· How the duration is signalled

· Whether the UE should signal continued use of the COT for its own transmissions

· LBT priority class
Agreement in RAN1 #98b:
Sharing of a UE-initiated channel occupancy (either CG-PUSCH or scheduled UL) with gNB is supported, such that the gNB is allowed to transmit control/broadcast signals/channels for any UEs as long as the transmission contains transmissions for the UE that initiated the channel occupancy and/or DL signals/channels (PDSCH, PDCCH, reference signals) meant for the UE that initiated the channel occupancy.

· The ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is configured by gNB (RRC signaling)

· if ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is not configured, the transmission of the gNB in UE initiated COT may include only control/broadcast signals/channels transmissions of up to 2/4/8 OFDM symbols in duration for 15/30/60 kHz SCS

· When absence of WiFi cannot be assumed based on e.g. regulation, the ED threshold that the gNB configures to the UE to apply when initiating the channel occupancy is determined based on the max gNB TX power

· Cat. 2 LBT can be used (for gaps of 16us and 25us). 

· Cat. 1 LBT can be used under the following conditions.

· Gap duration <= 16us

· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission contains only control/broadcast signals/channels

· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission has a duration below X ms (X >= 0).

· FFS: X

· FFS: For transmissions after the second and subsequent switches between UE and gNB
It has been agreed that CG-UCI should at least include HARQ ID, NDI, RV, COT sharing information, and the inclusion of other information is for further study. It was also discussed whether UE ID shall be reported in CG-UCI. In Rel-15 NR, DMRS scrambling ID is configured by RRC so that gNB can distinguish UE from DMRS scrambling ID. Therefore, the benefit of reporting UE ID is not so clear in NRU. Moreover, it was agreed that CG-UCI is included in every CG-PUSCH transmission, then it is important to keep the CG-UCI payload as small as possible.
In addition, when HARQ-ACK is multiplexed on CG-PUSCH, there is no total DAI in UL grant to guarantee the same understanding for HARQ-ACK bits between gNB and UE. When HARQ-ACK is multiplexed on CG-PUSCH by rate matching, if the HARQ-ACK payload is misunderstood, then PUSCH cannot be correctly decoded by gNB. To solve this problem, indicating the total number of HARQ-ACK bits multiplexed on CG-PUSCH in CG-UCI can be considered. For example, similar as DAI mechanism, 2 bits can be included in CG-UCI to indicate the number of HARQ-ACK bits. 
Furthermore, it has been agreed that gNB can share the UE initiated COT, and is allowed to transmit control/broadcast signals/channels for any UE as long as the transmission contains transmissions for the UE that initiated the channel occupancy and/or DL signals/channels (PDSCH, PDCCH, reference signals) meant for the UE that initiated the channel occupancy. The duration about COT sharing with gNB should be indicated in CG-UCI, then the following two options can be considered:
· Option 1: The duration of remaining COT after the PUSCH transmission is indicated in CG-UCI.

· Option 2: The duration of sharing COT for the gNB is indicated in CG-UCI.

In Option 1, since CG-UCI is included in every CG-PUSCH transmission, the duration of remaining COT after the PUSCH transmission is indicated but the value is different in every CG-PUSCH transmission. In addition, the MCOT is related to the UE’s LBT priority class which should be known by the gNB when the gNB shares the UE initiated COT. The duration can be explicitly indicated in CG-UCI or implicitly inferred by the MCOT and the ending time of the PUSCH which carries the CG-UCI. For example shown in Figure 5, if the MCOT is 4ms when the LBT priority class value is 2, gNB can get knowledge of the beginning time of the COT P ms by blind decoding, and the ending time of the PUSCH which carries the CG-UCI is Q ms, then the remaining COT after the PUSCH can be determined by {4 - (P - Q)} ms.
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Figure 5: The remaining COT is implicitly inferred by the MCOT and the ending time of the PUSCH
In Option 2, the duration of sharing COT with gNB can be explicitly indicated in CG-UCI. For example, the duration of the sharing of COT is the value equals to Y times the length of the current CG-PUSCH, and Y is indicated by CG-UCI.
In both Option 1 and Option 2, the starting time when the gNB starts to share the UE initiated COT can be inferred by t0+X*tg , t0 is the staring or ending time of the CG-PUSCH carrying the CG-UCI, X is multiple of the time granularity, tg is the value of time granularity. X and tg can be jointly indicated in CG-UCI. Furthermore, the Option 1 and Option 2 can also be both indicated if the UE continues to use the COT for its own transmissions after it is shared with gNB. 
As agreed in last meeting, when sharing a UE-initiated COT, an ED threshold for COT sharing should be configured by gNB if DL signals/channels (PDSCH, PDCCH, reference signals) meant for that UE is to be sent in the shared COT. However, if the configuration of the ED threshold for COT sharing means the sharing of UE-initiated COT for DL signals/channels is enabled, even if there is no DL data for transmission, UE still needs to apply the configured ED threshold for COT sharing to perform LBT, which will dramatically reduce the channel access probability for UE. Therefore, to enable a more efficient channel access scheme for UE, it is better to enable the ED threshold for COT sharing in a dynamic way. The gNB can indicate the scheduled UE to use the configured ED threshold for COT sharing in the DCI when it has DL data for transmission, otherwise, UE applies the configured ED threshold for its own to perform LBT.

For CG UL transmission, the COT sharing information is agreed to be included in the CG-UCI. UE can use a COT sharing indicator to enable or disable the COT sharing. Besides, the ED threshold that the UE used to perform LBT should also be indicated to the gNB in the CG-UCI. This field is only valid when the COT sharing is enabled, then gNB can determine to transmit control/broadcast signals/channels for any UE as long as the transmission contains transmissions for the UE that initiated the channel occupancy and/or DL signals/channels (PDSCH, PDCCH, reference signals) meant for the UE that initiated the channel occupancy.
In FelAA, only when the eNB acquires the channel using the largest priority class value and the eNB’s transmission includes PDSCH, the eNB may indicate COT sharing for AUL-UE. Then a UE configured with autonomous UL may use channel access Type 2 for autonomous UL transmissions corresponding to any priority class. In NRU, The CG-UE may enable the COT sharing when one of the two condition alternatives is satisfied:
· Alt 1: Only when the UE initiates a channel occupancy using the largest priority class value.

· Alt 2: Whatever the LBT priority class value is when the UE initiates a channel occupancy. 

The LBT priority class indication may need to be considered when gNB is allowed to transmit DL data in sharing COT by COT sharing indicator and ED threshold indication in CG-UCI. In Alt 1, the gNB can transmit DL data corresponding to any priority class. So, there is no need to indicated the UE’s LBT priority class. While in Alt 2, the gNB can only transmit DL data corresponding to lower priority class than that the UE applied when initiating a channel occupancy during the sharing COT. Therefore, in such case, it is necessary to indicate the LBT priority class that UE applied when initiating the COT in Alt 2. 
Proposal 7: For NRU UL configured grant, the content of CG-UCI can include 
· COT sharing information contains a COT sharing indicator to enable or disable the COT sharing and the duration about COT sharing with gNB
· Option 1: The duration of remaining COT after the PUSCH transmission.

· Option 2: The duration of sharing COT for the gNB.

· The indication of number of HARQ-ACK bits multiplexed in CG-PUSCH.
· The indication of ED threshold that the UE actually applied when initiating a channel occupancy.
· FFS: The LBT priority class that the UE applied when initiating the COT.
2.2.2. UCI multiplexing
Agreement in RAN1 #98:

The number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3).

Agreement in RAN1 #98b:
CG-UCI is mapped as per Rel-15 rules with CG-UCI having the highest priority (CG-UCI is mapped on the symbols starting after first DMRS symbol)

Agreement in RAN1 #98b: 

CG-UCI is included in every CG-PUSCH transmission (confirms working assumption from RAN1#98)
Agreement in RAN1 #98b:
CG-UCI, CSI-part1, CSI-part 2 can be sent on CG-PUSCH at least when CG-UCI and HARQ-ACK feedback is not multiplexed on a CG-PUSCH
Agreement in RAN1 #98b:
To determine the number of REs used for CG-UCI, the mechanism of beta-offset in Rel-15 NR for HARQ-ACK on CG-PUSCH is reused.

· A new RRC parameter to configure the beta-offset for CG-UCI is defined. FFS: Value range

In Rel-15 NR, when PUCCH overlaps with PUSCH in time domain, UCI including HARQ-ACK and/or CSI will be multiplexed in PUSCH since UE does not support simultaneous transmission of PUCCH and PUSCH whether they are in the same or different serving cell(s). In NRU, if both PUCCH and PUSCH are in unlicensed spectrum, similar multiplexing rules can be considered. In this case, there will be both CG-UCI and HARQ-ACK/CSI on a CG-PUSCH, and then the mapping order for different types of UCI w.r.t. CG-UCI, HARQ-ACK, CSI should be defined. The following scenarios are observed:

· Scenario 1: CG PUSCH only

· Scenario 2: CG PUSCH + CSI (CSI part 1 only, or CSI part 1+CSI part 2)
· Scenario 3: CG PUSCH + HARQ-ACK

· Scenario 4: CG PUSCH + HARQ-ACK+CSI (CSI part 1 only, or CSI part 1+CSI part 2)
For scenario 1, it was agreed that CG-UCI is mapped as per Rel-15 rules with CG-UCI having the highest priority and is mapped on the symbols starting after first DMRS symbol.
For scenario 2, it was also agreed that CG-UCI, CSI-part1, CSI-part 2 can be sent on CG-PUSCH. Then CG-UCI is mapped as per Rel-15 rules and is mapped on the symbols starting after first DMRS symbol. For CSI part 1 and CSI part 2, the mapping rules in Rel-15 NR are reused.
For scenario 3 and 4, it is controversial according to the discussion in last meeting.
It has been agreed that the number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3). In the case of PUCCH overlapping with CG-PUSCH(s) within a PUCCH group, the existing UCIs are multiplexed together with the CG-UCI on first overlapped CG-PUSCH transmission. When HARQ-ACK is multiplexed on a CG-PUSCH following three alternatives were discussed in RAN1#98bis:

· Alt 1: Drop CSI part 2 when the number of UCI types multiplexed in a CG-PUSCH beyond 3 UCI types. 

· The priority order is CG-UCI, HARQ-ACK, CSI part 1

· Alt 2: Jointly encode the CG-UCI and HARQ-ACK and multiplexing that using the HARQ-ACK multiplexing procedure of Rel-15

· Alt 3: In the case of HARQ ACK feedback scheduled on a PUCCH resource that would have been carried on a configured grant PUSCH, the PUCCH is transmitted and the configured grant PUSCH is skipped. 
In Alt 1, dropping of CSI part 2 when the number of UCI types multiplexed in a CG-PUSCH beyond 3 UCI types has less impact on the reception of CG-UCI, CG-PUSCH and HARQ-ACK feedback. 
In Alt 2, note that, in most of the cases, the multiplexed UCI types will not exceed three, such as scenario 1, 2 and 3 and scenario 4 with CSI part 1 only. It is needed to clarify that joint encoding of CG-UCI and HARQ-ACK is only applicable for the case where there are more than three types of UCIs or is applicable for all the cases with HARQ-ACK multiplexed on a CG-PUSCH.

On the other hand, there is no total DAI in UL grant to guarantee the same understanding for HARQ-ACK bits between UE and gNB, so that there may be ambiguity between UE and gNB for HARQ-ACK bits. If CG-UCI and HARQ-ACK are jointly encoded, when the HARQ codebook size is misunderstood by gNB, all information including CG-UCI, HARQ-ACK, CSI and UL-SCH cannot be received successfully. In this case, even COT sharing information included in CG-UCI is lost. However, in Alt 1, if there is ambiguity on HARQ-ACK payload, the CG-PUSCH cannot be received correctly by gNB but CG-UCI is correctly decoded, then the COT sharing information can be used by gNB.
Furthermore, in Rel-15 NR, different mapping schemes are used for HARQ-ACK multiplexing on PUSCH with less than 3 bits and with more than 2 bits, i.e., puncturing for the former and rate matching for the latter case. If CG-UCI and HARQ-ACK are jointly encoded, then the total payload for CG-UCI and HARQ-ACK will always exceed two bits, which will change UE behavior when HARQ-ACK bits are 1 or 2.
In Alt 3, the UE always skips the CG PUSCH and transmits PUCCH when HARQ ACK feedback is scheduled on a PUCCH resource that would overlap with a CG PUSCH. On one hand, as is shown in Figure 6, it will block all the CG PUSCH transmissions in different symbols or serving cells that time-domain overlapped with HARQ-ACK PUCCH. what’s more, it will cause discontinuous CG-PUSCH transmission, then the UE needs to make additional LBT attempts. On the other hand, when gNB receives the HARQ ACK on PUCCH, it may need to transmit PDCCH to schedule retransmission by attempting LBT cat 4 to make successful channel access. While for Alt 1, the COT sharing information can be sent be CG-UCI, gNB can schedule retransmission only by attempting LBT cat 2 to make successful channel access or LBT cat 1 of no LBT. In addition, potential HARQ-ACK payload ambiguity is still there with Alt 3. 
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Figure 6 Additional LBT attempts in Alt 3
Proposal 8: It is supported to multiplex HARQ-ACK on CG PUSCH when the HARQ-ACK PUCCH and CG PUSCH are overlapped. 
Proposal 9: It is preferred to drop CSI part 2 when the number of UCI types multiplexed in a CG-PUSCH beyond 3 UCI types.
· The priority order is CG-UCI, HARQ-ACK, CSI part 1.
2.3. HARQ-ACK feedback
2.3.1. DFI design
Agreement in RAN1 #98:

· For DFI design for configured grants, support at least the following

· DFI including at least TB level HARQ-ACK bitmap for all UL HARQ processes 

· Note: Total number of HARQ processes is as defined in Rel-15

· FFS: CBG level HARQ-ACK feedback, if supported

· RRC configured minimum duration, D, from the ending symbol of the PUSCH to the starting symbol of the DFI carrying HARQ-ACK for that PUSCH

· Note: UE assumes HARQ-ACK is valid only for PUSCH transmissions ending before n-D, where n is the time corresponding to the beginning of the start symbol of the DFI. 

· FFS: the definition of minimum duration for the case of slot aggregation

· UE blind decoding complexity shall not be increased due to DFI size

It has been identified to be beneficial to support DFI to include at least TB level HARQ-ACK bitmap for all UL HARQ processes defined in Rel-15 which is fixed as 16. In Rel-15 NR, the UE needs to monitor DCIs of at most four different sizes. In order to reduce the blind decoding complexity at the UE, the size of CG-DFI should be aligned with one of the DCI formats. For example, DCI format 0_0 can be more than 50 bits, which is more than 3 times HARQ process bitmap length. In NRU, if similar bitmap scheme as in AUL-DFI is reused, the padding bits could be too many, which causes unnecessary signaling overhead and more channel accesses in the case for multiple carriers. Therefore, it is beneficial to include HARQ ACK bitmap for more than one carrier in CG-DFI to increase efficiency in terms of lower overhead and the channel access. 

The content of CG-DFI can include M blocks of bitmaps, and one block corresponds to the HARQ ACK bitmap for at least one carrier, e.g., {block number 1, block number 2 …  block number M}. Moreover, the association between each HARQ-ACK bitmap position in CG-DFI and the carrier ID can be configured by RRC, like SFI design. In this case, UE monitors the CG-DFI in the search space on the carrier configured by RRC. Another alternative is that CIF is included in each block of CG-DFI to indicate the carrier ID for each HARQ ACK bitmap, e.g., {(CIF #1, HARQ-ACK bitmap for CIF #1), (CIF #2, HARQ-ACK bitmap for CIF #2) … (CIF #M, HARQ- ACK bitmap for CIF #M)} which is shown in Figure 7. In this case, UE monitors the CG-DFI in the search space on the scheduling cell.
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Figure 7: CIF is included in each block of CG-DFI
In FeLAA, the DCI format 0A/4A is scrambled by AUL C-RNTI when it is used for AUL-DFI. The CG-DFI can be scrambled by a UE-specific RNTI or a group-common RNTI in NRU. The UE-specific RNTI can be a new CG RNTI or reuse the existing CS-RNTI. If the CS-RNTI is used for CG-DFI, the differentiation between CG-DFI and other usages should be considered. In FeLAA, DCI format 0A/4A is used for indicating AUL-DFI to a UE that is activated with AUL transmission, 1-bit in DCI is used for AUL differentiation. In NRU, it is suggested to use some fields not used in CG-DFI or introduce an additional bit to differentiate CG-DFI and other DCI. 
Proposal 10: The size of CG-DFI should be aligned with one of the DCI formats.
Proposal 11: In NRU, it is beneficial to include HARQ ACK bitmap for more than one carrier in DFI.
· FFS: The CG-DFI is scrambled by UE-specific RNTI or group-common RNTI.
2.3.2. HARQ ID conflict

According to previous agreements, there is no association between HARQ ID and the timing for CG transmission in NRU. This implies that the gNB may provide a dynamic UL grant to schedule a certain HARQ process, while the UE has already started preparing a configured transmission for the same HARQ process. Or, similarly at the time of reception of dynamic UL grant, the UE has already performed a configured transmission for the same HARQ process. In other words, it is not easy for gNB to avoid HARQ process conflict by its own implementation. Hence, the prioritization of PUSCH transmission should be defined in this case. For example, the PUSCH inside gNB initiated COT has higher priority than the PUSCH outside gNB initiated COT. When the two PUSCH are both inside or outside gNB initiated COT, the priority class of PUSCH transmission is determined by the timeline or traffic priority class.
Proposal 12: The priority of PUSCH transmission should be defined in the case of the HARQ ID conflict between dynamic UL grant transmission and configured grant transmission.
3. Conclusion

In this contribution, we provide our views on enhancements for NRU CG UL transmission. The observations and proposals are summarized as below.
Proposal 1: For NRU configured grant, length of the different PUSCHs are the same for a given configuration.
Proposal 2: The number of allocated slots following the time instance corresponding to the indicated offset can be configured for periodic/semi-persistent SRS.
Proposal 3: The CG PUSCH mapping in configured N (N >=1) slots given one SLIV value and offset value as follows:
· The allocated N slots contains the first slot determined by the indicated offset value as Rel-15 NR and successive N-1 slots.

· The first slot: start with SLIV indicated PUSCH transmission candidate and contiguous PUSCH transmission candidates with length L until slot boundary, i.e. [S, S + L - 1], [S + L, S + 2 * L - 1], …, [S + (n0 - 1) * L, S + n0 * L - 1] where n0= ⌊(14 - S)  /  L⌋.
· The ith slot in successive N-1 slots (N>1): start with symbol#0 and contiguous PUSCH transmission candidates with length L until slot boundary, i.e. [0, L - 1], [L, 2 * L - 1], …, [(ni - 1) * L, ni * L - 1] where ni=⌊14  /  L⌋.
Proposal 4: For NRU configured grant, the UE shall repeat the TB in the consecutive transmission occasion candidates within a resource group.
· The PUSCH transmission occasion candidates are divided into S resource groups, in which one resource group includes repK consecutive transmission occasion candidates.
Proposal 5: The RV field should be invalid in UCI when CG-PUSCH repetition transmission is configured in NRU.
Proposal 6: The number of ending symbol can be different for different SCS sizes and different LBT types when gNB shares the UE initiated COT. 
Proposal 7: For NRU UL configured grant, the content of CG-UCI can include 
· COT sharing information contains a COT sharing indicator to enable or disable the COT sharing and the duration about COT sharing with gNB

· Option 1: The duration of remaining COT after the PUSCH transmission.

· Option 2: The duration of sharing COT for the gNB.

· The indication of number of HARQ-ACK bits multiplexed in CG-PUSCH.
· The indication of ED threshold that the UE actually applied when initiating a channel occupancy.
· FFS: The LBT priority class that the UE applied when initiating the COT.
Proposal 8: It is supported to multiplex HARQ-ACK on CG PUSCH when the HARQ-ACK PUCCH and CG PUSCH are overlapped. 

Proposal 9: It is preferred to drop CSI part 2 when the number of UCI types multiplexed in a CG-PUSCH beyond 3 UCI types.
 

· The priority order is CG-UCI, HARQ-ACK, CSI part 1.
Proposal 10: The size of CG-DFI should be aligned with one of the DCI formats.
Proposal 11: In NRU, it is beneficial to include HARQ ACK bitmap for more than one carrier in DFI.
· FFS: The CG-DFI is scrambled by UE-specific RNTI or group-common RNTI.
Proposal 12: The priority of PUSCH transmission should be defined in the case of the HARQ ID conflict between dynamic UL grant transmission and configured grant transmission.
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