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1. Introduction 

In RAN1 #97 meeting, regarding UL configured grant (CG) for NR-U, following agreements were made [1]:
	Agreement:
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:
UE can only start transmissions accessing transmission opportunities provided by a configured grant at the configured/indicated starting position.


As well, following agreements were made in RAN1 ad-hoc meeting 1901 [2]:
	Agreement:

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:
· Support multiple UE starting time offsets with sub-symbol granularity with FeLAA AUL approach as the baseline

· FFS: Enhancements specific to NRU

· Companies are encouraged to provide views and analysis on the following issues:

· Whether to support allowing the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome

· If yes, multiple starting positions within a slot for a configured grant configuration;

· Alt. 1: subset of symbols

· Alt. 2: any symbol

· FFS: gNB knowledge of starting symbol, whether UE indicates to gNB

· FFS signaling details

· FFS: whether similar design for scheduled grant and configured grant

· Whether the ending symbol can be punctured

· Whether the position of the ending symbol can be shifted depending on the starting position due to LBT procedures


In this contribution, we provide our views on the enhancement of CG for NR-U, including increasing flexibility of time domain resource allocation, UCI content and multiplexing, as well as HARQ feedback related issues.
2. Discussion
2.1. Time domain resource configuration
In RAN1 #97, it was agreed that the mechanisms for configured grant time domain resource allocation 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. More specifically, a new parameter N is introduced in RRC configuration to indicate the number of allocated slots following the time instance corresponding to the indicated offset in RRC (Type 1) or DCI (Type 2). However, how to indicate multiple PUSCH in each slot should be designed. In NR Rel-15, only one PUSCH is configured in each CG period where SLIV will indicate the actual time position of this PUSCH together with indicated slot offset in RRC configuration (Type 1) or DCI (Type 2). For NR-U, actual time 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. Moreover, the network should guarantee that the resource allocation for every transmission occasion candidate would not cross the slot boundary. As is demonstrated in Figure 1, 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 assuming S=0, and the remaining transmission occasions immediately follow the first one in consecutive resources. 
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Figure 1: Example of resource mapping within every slot for an offset within a period for NR-U UL configured grant
Proposal 1: For NR-U UL configured grant, introduce a new parameter N to indicate the number of allocated slots for an offset. Within the first transmission slot, the UE determines the first transmission occasion candidate based on timeDomainOffset, SLIV.

· The number of transmission occasions within a allocated slot is determined by SLIV, for example ⌊ (14-S) / L ⌋;

· For the remaining N-1 allocated slots, assume S=0.
· If the number of PUSCH occasions within an allocated slot is more than 1, UE determine the mapping of every PUSCH occasion within the slot in consecutive manner.
In NR Rel-15, 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}. Once the 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 NR-U CG UL, 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. Moreover, UE can continue transmitting the other TBs in the continuous resources immediately following the transmission of the first TB. As shown in Figure 2, the grey blocks are the transmission occasion candidates, and the green blocks are PUSCH actually transmitted after successful LBT. The number of repetitions is configured as 2, so after UE transmits TB1 twice, UE can transmit TB2 twice if there are remaining data to be sent after TB1 transmission.

In such case, UE has multiple opportunities to transmit a PUSCH within a period, UE may perform LBT within a period continually until the channel is sensed to be idle or there are no transmission occasion candidates left. Once channel is idle, UE can start transmission in the recent occasion. Moreover, UE can repeat the transmission of the first TB in consecutive transmission occasion candidates and then continue to transmit the other TBs in the continuous resources after the transmission of the first TB.
Proposal 2: For NR-U UL configured grant, 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.
· Moreover, UE can continue to transmit the other TBs in the continuous resources immediately following the transmission of the first TB.
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Figure 2: Example of repetition transmission for a UE with two TBs when multiple transmission occasion candidates for an offset within a period for NR-U UL configured grant
2.2. Multiple time domain resource configurations
It has been agreed in RAN1 #97 meeting that UE can only start transmissions accessing transmission opportunities provided by a CG at the configured/indicated starting position. That is, no puncturing is needed due to LBT. As described in 2.1, multiple starting positions can be configured or dynamically indicated by additional configuration to the Rel-15 configuration with multiple duration of transmission for an offset. However, mini-slot based transmission may require more HARQ processes and increase control signaling overhead and DMRS overhead. In order to increase the opportunities to access the unlicensed channel and on the other hand, not to increase the number of HARQ processes and DMRS overhead, one possibility is to configure the UE with multiple CG configurations in time domain resource. In addition, each configuration has different time granularities and DMRS configurations such that UE can flexibly use one of the configurations. More specifically, in order to increase access probability, UE may use the configuration of 2-symbols granularity for the first transmission occasion, while 1-slot based transmission or other time granularities may be used for later transmission of larger TB size. The configuration for later transmission would be inferred by gNB according to UE’s capability or indicated in UCI. 

As illustrated in Figure 3, two CG configurations with different DMRS sequence are available for UE, in which configuration #1 is based on 2-symbol mini-slot in time domain, while configuration #2 is based on 1-slot in time domain. UE would choose configuration #1 in slot i to access the channel so that the access probability can be increased. Once UE makes successful LBT in slot i, UE would change to configuration #2 in slot i+1 so as to decrease the number of HARQ processes and DMRS overhead. In addition, gNB can determine CG configuration that the UE is adopting in time domain via detection of the corresponding DMRS.
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Figure 3: Example of repetition transmission for a UE with two TBs when multiple transmission occasion candidates for an offset within a period for NR-U UL configured grant
Proposal 3: For NR-U UL configured grant, multiple time domain resource configurations are supported.
· Different configurations correspond to different time granularities and DMRS configurations. 
2.3. UCI content and multiplexing
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 is reported in CG-UCI as well, in our view, benefit of reporting UE ID is not clear. In NR Rel-15, DMRS scrambling ID is configured by RRC, it means that gNB can distinguish UE from DMRS scrambling ID. Then reporting UE-ID in UCI is not necessary. 
In FeLAA, ending symbol of PUSCH is configured by RRC and/or indicated in UCI in order to increasing the channel access probability for other nodes. Therefore, PUSCH ending symbol can also be indicated in CG-UCI in NR-U. Moreover, the channel access type for gNB could be indicated in CG-UCI or depend on gNB’s implement when gNB shares the UE initiated COT, as well as the ending symbol could be adaptively indicated for different channel access types and different SCS for gNB.
Proposal 4: For NR-U UL configured grant, CG-UCI is transmitted together with data, and the content of CG-UCI can include the indication of ending symbol of PUSCH.

· FFS other control information.
Since gNB needs to decode CG-UCI before the data, the payload of CG-UCI needs to be fixed and the resources for CG-UCI mapping should be deterministic, e,g, predefined.

Considering flexible transmission occasion candidates within a period, gNB needs to blindly detect on which resources a PUSCH is transmitted, such as via DMRS detection as in Rel-15 CG. If DMRS is detected at gNB, gNB can proceed detection of CG-UCI to obtain the necessary information to decode PUSCH. 
Regarding the mapping rule of CG-UCI, similar mapping rule in Rel-15 can be adopted for CG-UCI mapping, i.e. CG-UCI is mapped from the first non-DMRS symbol after the first DMRS symbol in CG-PUSCH on the allocated subbands. In addition, CG-UCI should be mapped onto the CG-PUSCH where the channel is sensed to be idle. An example is shown in Figure 4. The CG-UCI is mapped onto the symbols after the first DMRS of the actual transmitted CG-PUSCH. Note that the CG-PUSCH is transmitted in the second transmission occasion candidates within the period due to LBT.

In NR R15, when PUCCH overlaps with PUSCH in time domain, UCI including HARQ-ACK and/or CSI will be multiplexed on 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 rule can be considered. In this case, there will be both CG-UCI and HARQ-ACK/CSI on CG-PUSCH, and then the mapping order for different types of UCI w.r.t. CG-UCI, HARQ-ACK, CSI should be defined. For example, CG-UCI is mapped from the first non-DMRS symbol after the first DMRS symbol, HARQ-ACK/CSI follow the mapping rule in NR R15, i.e., HARQ-ACK is mapped from the first non-DMRS symbol after the first DMRS symbol, CSI part 1/CSI part 2 is mapped from the first non-DMRS symbol. HARQ-ACK/CSI should be not mapped on the REs for CG-UCI.

In addition, regarding the number of REs used for CG-UCI or HARQ-ACK/CSI, a RRC configured beta-offset is used to determine the REs used for AUL-UCI in LTE eLAA, while the beta-offset can be dynamically indicated by activation DCI for type 2 CG-PUSCH for HARQ-ACK/CSI part 1/CSI part 2 in NR R15. Then, for CG-PUSCH in NRU, similar mechanism in NR R15 can be used. More specifically, dynamic or semi-static beta-offset is configured by CG-UCI-OnPUSCH and only semi-static beta-offset is applicable for type 1 CG-PUSCH. For type 2 CG-PUSCH, if it is set as dynamic, then there is a 2-bit beta-offset indicator field in DCI to indicate the values of beta-offset for different types UCI. For simplicity, the beta-offset for HARQ-ACK can be resued for CG-UCI.
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Figure 4: Example of UCI mapping for NR-U UL configured grant
Proposal 5: For NR-U UL configured grant, CG-UCI is mapped on the resource of the actual transmission occasion following the mapping rule in Rel-15.
· CG-UCI for configured grant is mapped from the first non-DMRS symbol after the first DMRS in the transmitted PUSCH.

Proposal 6: For NR-U UL configured grant, when HARQ-ACK/CSI is multiplexed on CG-PUSCH, the mapping rule for CG-UCI and HARQ-ACK/CSI should be defined.

Proposal 7: To determine the number of REs used for CG-UCI, the mechanism of beta-offset in NR R15 for HARQ-ACK/CSI on CG-PUSCH can be a starting point.
2.4. HARQ-ACK feedback
It has been identified to be beneficial to support DFI to include pending HARQ ACK feedback for prior CG transmissions from the same UE. In FeLAA, DCI format 0A is used for indicating AUL-DFI to a UE that is activated with AUL transmission, using 1-bit flag for AUL differentiation. 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. 
Proposal 8: The size of CG-DFI should be aligned with one of the DCI formats.
It has been agreed that removing dependencies of HARQ process information to the timing. Hence, there is no association between HARQ ID and the timing for CG transmission in NR-U. 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, NRU gNB is not easy to avoid HARQ process conflict by its own implementation. Hence, the HARQ ID conflict between dynamic UL grant transmission and CG transmission should be further studied.
Proposal 9: The HARQ ID conflict between dynamic UL grant transmission and configured grant transmission should be further studied.
3. Conclusion

In this contribution, we provide our views on enhancements for NR-U CG UL transmission. The observations and proposals are summarized as below.
Proposal 1: For NR-U UL configured grant, introduce a new parameter N to indicate the number of allocated slots for an offset. Within the first transmission slot, the UE determines the first transmission occasion candidate based on timeDomainOffset, SLIV.

· The number of transmission occasions within a allocated slot is determined by SLIV, for example ⌊ (14-S) / L ⌋;

· For the remaining N-1 allocated slots, assume S=0.
· If the number of PUSCH occasions within an allocated slot is more than 1, UE determine the mapping of every PUSCH occasion within the slot in consecutive manner.
Proposal 2: For NR-U UL configured grant, 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.

· Moreover, UE can continue to transmit the other TBs in the continuous resources immediately following the transmission of the first TB.
Proposal 3: For NR-U UL configured grant, multiple time domain resource configurations are supported.
· Different configurations correspond to different time granularities and DMRS configurations. 
Proposal 4: For NR-U UL configured grant, CG-UCI is transmitted together with data, and the content of CG-UCI can include the indication of ending symbol of PUSCH.

· FFS other control information.
Proposal 5: For NR-U UL configured grant, CG-UCI is mapped on the resource of the actual transmission occasion following the mapping rule in Rel-15.
· CG-UCI for configured grant is mapped from the first non-DMRS symbol after the first DMRS in the transmitted PUSCH.

Proposal 6: For NR-U UL configured grant, when HARQ-ACK/CSI is multiplexed on CG-PUSCH, the mapping rule for CG-UCI and HARQ-ACK/CSI should be defined.

Proposal 7: To determine the number of REs used for CG-UCI, the mechanism of beta-offset in NR R15 for HARQ-ACK/CSI on CG-PUSCH can be a starting point.
Proposal 8: The size of CG-DFI should be aligned with one of the DCI formats.
Proposal 9: The HARQ ID conflict between dynamic UL grant transmission and configured grant transmission should be further studied.
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