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1. Introduction 

In RAN1 ad-hoc meeting 1901 and RAN1 #96 meeting, regarding UL configured grant for NR-U, following agreements were made in [1] and [2]:
	Agreement:
For configured grant resource configuration in time domain, the following alternatives are to be studied with more detailed proposal and analysis, strive to down-select in RAN1#96:

· Alt. 1: Bitmap based approach as baseline with potential enhancement

· Companies are encouraged to provide detailed design in next meeting

· Alt. 2: NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement

· Companies are encouraged to provide detailed design in next meeting

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:
For PUSCH transmitted using CG, CBG-based retransmission is supported at least by using dedicated scheduled resource allocated by an UL grant.

· FFS: CBG-based retransmission using a configured grant

· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements

Agreement:
For initial transmission on configured grant resource, HARQ retransmission on configured grant resource upon configured grant timer expiration (assume NACK if no ACK is received) is supported

· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements




In this contribution, we provide our views on the enhancement of UL configured grant for NR-U, including increasing flexibility of time/frequency domain resource allocation, UCI mapping and HARQ feedback related issues.
2. Discussion
2.1. Time domain resource configuration
For configured grant resource configuration in time domain, it was agreed that the two alternatives are to be studied with more detailed proposals and analysis, strive to down-select in RAN1#96b:
•
Alt. 1: Bitmap based approach as baseline with potential enhancement

•
Alt. 2: NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement
For Alt. 1, a bitmap of [X] bits in RRC signalling is used to indicated in which slots/mini-slots configured grant UL transmission are allowed (For example, an RRC configured bitmap of 40 bits is used to indicate the allowed time resources for AUL transmission on subframe level in FeLAA). This alternative can provide some flexibility to assign or exclude certain slots/mini-slots for configured grant UL transmission. However, it has one serious drawback in terms of scalability when considering different numerologies and different scheduling units. For example, for a certain numerology, if a 40-bit bitmap is used to indicate the allowed slots for configured grant UL transmission, then an 80-bit bitmap is needed for mini-slot level scheduling with duration of 7-symbol if the same period (40 slots) is configured by RRC. For different numerologies, if a 40-bit bitmap is used to indicate the allowed slots for configured grant UL transmission for SCS 15kHz, then 80-bit, 160-bit bitmaps are needed respectively for SCS 30kHz and 60kHz, if the same period (40ms) is configured by RRC. In addition, the periodicity of bitmap configuration is restricted to the length of bitmap.
For Alt. 2, it is based on NR R15 where a periodicity, slot offset, starting symbol and length of PUSCH and K-repetition are configured via RRC for type 1 configured grant. In addition, for type 2 configured grant, the time domain related parameters except periodicity and K-repetition will be given by activation DCI.

In our view, Alt. 2 is preferred. Multiple active configurations in a BWP are supported in V2X and eURLLC, this can provide flexibility in resource configuration. Since each of the multiple active configurations can have different periods and time offsets, gNB can have very flexible combinations on time resource configuration. Though Alt. 1 provides some flexibility for the gNB to assign or exclude certain slots for configured grant UL transmission, this can be achieved by Alt.2 as well. In addition, similar as FeLAA, to prevent the blocking between configured grant UL transmission and NR-U DRS transmission, configured grant UL transmissions are not allowed in the slots belonging to the DMTC window of the serving cell irrespective of the RRC configuration.
Observation 1: Bitmap based time domain resource allocation has one serious drawback in terms of scalability when considering different numerologies and different scheduling units. 
Observation 2: NR Rel-15 based time domain resource allocation with potential enhancement of multiple active configurations can have comparative flexibility in time resource configuration as bitmap based approach. 
Proposal 1: For configured grant resource configuration in time domain, NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement should be supported.
In NR Rel-15, a configured grant UE may be configured with a relatively large periodicity to avoid frequently reserved resources. However, in NR-U when UE performs LBT and the channel is sensed to be busy, UE shall drop the transmission occasion of current period and wait for the next period. This would result in larger latency and less access probability. 
To increase the access probability and reduce the latency, more flexible time domain resource allocation should be supported. In RAN1 #94, it was agreed that allowing consecutive or non-consecutive configured grant resources in time with/without gaps between the resources is considered for NR-U. That means multiple transmission occasion candidates within a period are needed. To be more specific, the transmission occasion candidates within a period can be configured by network or derived by UE according to the configuration. To support such feature, the following options can be considered based on time domain resource allocation approach of configured grant in NR Rel-15:
· Opt. 1: reinterpret the parameter of repK in Rel-15 as the number of transmission occasion candidates.

· Opt. 2: introduce a new parameter such as N to configure the number of transmission occasion candidates.
In NR Rel-15, PUSCH repetition is supported to improve the transmission reliability, and the repetition is configured by repK indicating one of {1,2,4,8}. When 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 Opt.1, the parameter of repK is reinterpreted for indicating the number of transmission occasion candidates. Since UE reports HARQ process ID in UCI, the UE can initiate the K-repetition transmissions autonomously without the indication of repK. However, in such case there could be misunderstanding between UE and gNB. For example, gNB may have different receiver algorithms, and the repetition times actually used by the UE for transmission should be suitable for the corresponding receiver algorithms. Additionally, gNB may combine the K UCIs in some cases but fails to decode correctly due to lack of knowledge on repetition times the UE actually used for transmission. For instance, gNB may not decode the respective UCI correctly in severe channel condition such that gNB is not able to get knowledge of RV and HARQ process ID from respective UCI. In this case, gNB may need to combine the UCIs to decode correctly, while gNB fails to decode correctly without the knowledge of actual repetition times the UE transmitted. Furthermore, the 2-bit field of repK can only indicate 4 configurations of transmission candidates if reinterpretation is supported. 
Therefore, we think Opt. 2 is preferred. More specifically, a parameter N is introduced to directly or indirectly indicate the number of transmission occasion candidates. For example, direct indication of the number of transmission candidates is derived from value of N, indirect indication of the number of transmission candidates is derived by N and some other parameters together, such as repK, exact details can be further studied. Moreover, in order not to introduce too much burden on gNB blind decoding, the number of transmission occasion candidates within a period needs to be carefully configured to achieve trade-off between detection complexity and transmission flexibility. 
In NR Rel-15, the start and length indicator (SLIV) is configured by RRC or dynamically indicated by DCI, and the network configures the field such that the time domain resource allocation would not cross the slot boundary. In NR-U, we may consider the SLIV is configured or dynamically indicated for the first transmission candidate, for the remaining transmission candidates, starting position and ending position are determined according to the first transmission candidate in consecutive resources. Moreover, the network should configure the field of SLIV such that the resource allocation for every transmission candidate would not cross the slot boundary. For example, the SLIV indicates that the first transmission candidate resource is on symbol #1 and symbol #2, and the number of transmission candidates is configured as 7, then the 7th transmission candidate resource is on symbol #13 in current slot and symbol #0 in next slot, which is not allowed for crossing the slot boundary. 
Network configures the first transmission candidate according to timeDomainOffset and SLIV within a period P of configured grant. UE determines the remaining transmission occasion candidates based on the SLIV of the first transmission candidate and indication N of the number of transmission candidates, which are consecutive in time domain. Figure 1 shows an example of direct indication of N multiple transmission occasion candidates within a period for NR-U UL configured grant. For example, the timeDomainOffset indicates the first transmission candidate is in the first slot within the period P, and SLIV indicates S=0, L=14, which means for the first transmission candidate, the starting position is the symbol #0, and the length of the first transmission is 14 symbols. The second transmission candidate starts from the ending position of the first transmission, and the length is also 14 symbols, which means the second slot in the period P. And so on for each of the rest transmission candidates. The parameter N directly indicates the number of transmission candidates as 8. As shown in figure 1, the grey blocks are the transmission candidates, and the green blocks are PUSCH actually transmitted after successful LBT. The repetition times is configured as 2, so after UE transmits TB1 twice, UE would 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 is no transmission occasion candidates left. Once channel is idle, UE can start transmission in the recent occasion. Moreover, UE can continue transmitting the other TBs in the continuous resources after the transmission of the first TB.
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Figure 1: Example of direct indication of N multiple transmission occasion candidates within a period for NR-U UL configured grant

Proposal 2: For NR-U UL configured grant, introduce a new parameter N to directly or indirectly indicate the number of transmission occasion candidates, the UE determines multiple transmission occasion candidates within a period based on timeDomainOffset, SLIV and N.
2.2. Multiple resource configurations for frequency bandwidth selection

For a UE with capability of subband LBT, UE needs to perform multiple LBTs when it is configured with a BWP with frequency bandwidth larger than 20 MHz for UL configured grant transmission. If one of the subbands of the frequency bandwidth is sensed to be busy, UE cannot transmit any UL signal in the active BWP on the unlicensed spectrum, even though some of other subbands are idle. UE can only transmit the UL signal unless all the subbands of the frequency bandwidth are sensed to be idle. This may reduce the resource utilization and cause delay. 

To overcome the issue, UE needs to support flexible frequency bandwidth selection based on the channel state. To be more specific, UE has multiple frequency resource allocations per BWP such that UE has more opportunities to access the unlicensed channel regardless of the busy one. For example, UE can be configured with multiple configured grant resource configurations in a BWP by RRC. Multiple configured grant configurations are activated simultaneously and different configured grant configurations have different combinations of subbands. All configurations are indexed, and the index is carried by the activation/deactivation DCI to indicate the target configuration.
UE performs LBT on the frequency resources of each configured grant resource and selects one of the resource on which all the subbands are sensed to be idle. When full bandwidth of unlicensed spectrum is sensed to be idle, UE transmits in UL with power P on all subbands, and with the number of subbands W. While partial bandwidth of unlicensed spectrum is used, UE transmits in UL with power P1 on the partial subbands, and with the number of subbands W1. The transmission power on each subband for the case of partial bandwidth, i.e. P1/W1 may be larger than that for the case of full bandwidth, P/W. Where P1 does not exceed UE maximum transmission power and P1/W1 also meets PSD/MHz requirement.
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Figure 2: Example of multiple resource configurations for flexible frequency bandwidth selection
Proposal 3: For NR-U UL configured grant, multiple resource configurations are supported per BWP.

· Different resource configurations correspond to different subband combinations. 

2.3. NR-U configured grant UCI and mapping

It has been agreed that CG-UCI should at least include HARQ ID, NDI, RV, COT sharing information and 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 configured by RRC, it means gNB can distinguish UE from DMRS scrambling ID. Then reporting UE-ID in UCI is not necessary.
As discussed above, there could be multiple transmission occasion candidates within a period such that PUSCH starting position could be flexible. Therefore, PUSCH starting or ending position can also be indicated by UCI. Since gNB needs to decode UCI before the data, the payload of grant-free UCI needs to be fixed and the resources for grant-free UCI mapping should be deterministic, e,g, predefined. 

In addition, when multiple resource configurations are configured for a UE in unlicensed spectrum, UE may select one of the resource configurations for PUSCH transmission. To avoid ambiguity and reduce blind detection complexity at gNB, the resource index of the resource configuration selected by UE can be indicated by UCI.

Proposal 4: For NR-U UL configured grant, UCI is transmitted together with data, and the content of UCI can include resource configuration index.
· FFS other control information
Considering flexible transmission occasion candidates within a period, gNB needs to blindly detect on which a PUSCH is transmitted, such as via DMRS detection as in Rel-15 configured grant. If DMRS is detected at gNB, gNB can proceed detection of UCI to obtain the necessary information to decode PUSCH. 
Similar mapping rule in Rel-15 can be adopted for grant-free UCI mapping, i.e. NR-U UCI for configured grant is mapped from the first symbol after DMRS in PUSCH on the allocated subbands. In addition, UCI should be mapped onto the PUSCH before which the channel is sensed to be idle. An example is shown in Figure 3. The UCI is mapped onto the symbols after DMRS of the actual transmitted PUSCH. Note that the PUSCH is transmitted in the second transmission occasion candidates within the period due to LBT.
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Figure 3: Example of UCI mapping for NR-U UL configured grant
Proposal 5: For NR-U UL configured grant, UCI is mapped on the resource of the actual transmission occasion following the mapping rule in Rel-15.
· NR-U UCI for configured grant is mapped from the first symbol after DMRS in the transmitted PUSCH.
2.4. HARQ-ACK feedback
It has been identified to be beneficial to support DFI to include pending HARQ ACK feedback for prior configured grant 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 6: The size of CG-DFI should be aligned with one of the DCI formats.
3. Conclusion

In this contribution, we provide our views on enhancements for NR-U UL configured grant transmission. The observations and proposals are summarized as below.
Observation 1: Bitmap based time domain resource allocation has one serious drawback in terms of scalability when considering different numerologies and different scheduling units. 
Observation 2: NR Rel-15 based time domain resource allocation with potential enhancement of multiple active configurations can have comparative flexibility in time resource configuration as bitmap based approach.
Proposal 1: For configured grant resource configuration in time domain, NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement should be supported.

Proposal 2: For NR-U UL configured grant, introduce a new parameter N to directly or indirectly indicate the number of transmission occasion candidates, the UE determines multiple transmission occasion candidates within a period based on timeDomainOffset, SLIV and N.
Proposal 3: For NR-U UL configured grant, multiple resource configurations are supported per BWP.

· Different resource configurations correspond to different subband combinations. 

Proposal 4: For NR-U UL configured grant, UCI is transmitted together with data, and the content of UCI can include resource configuration index.
· FFS other control information
Proposal 5: For NR-U UL configured grant, UCI is mapped on the resource of the actual transmission occasion following the mapping rule in Rel-15.
· NR-U UCI for configured grant is mapped from the first symbol after DMRS in the transmitted PUSCH.
Proposal 6: The size of CG-DFI should be aligned with one of the DCI formats.
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