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1 Introduction
In the RAN1#98bis meeting [1], the following agreements were made: 
	Agreement:
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

Agreement:
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:
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

Agreement: 
CG-UCI is included in every CG-PUSCH transmission (confirms working assumption from RAN1#98)

Agreement:
· 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


This contribution discusses the remaining details of agreements and the aspects related potential enhancements on configured grant for NR-U. 
2 Resource Allocation for Configured Grant NR-U
2.1 Enhancements on Starting Position for Configured Grant Transmission
One of the remaining issue in resource allocation is how to support multiple starting positions within a slot for a configured grant uplink transmission. It seems that allowing multiple starting positions have a benefit in aspect of channel access opportunity. However, there is a concern that supporting multiple starting positions would increase the decoding compleixty of gNB since gNB does not know when the UE starts uplink transmission in the configured grant resources. Hence, it is desirable to discuss further how to diminish the decoding complexty of gNB. Specifically, the number of possible starting positions can be restricted similar with FeLAA where PUSCH transmission can start at specific symbols (e.g., #0 or #6). Limitation on the possible candidates for starting position can decrease the number of decoding attemtps of gNB.
Proposal 1: If NR-U configured grant supports multiple starting positions, the number of starting position candidates should be restricted.
2.2 Enhancements on Ending Position for Configured Grant Transmission
In FeLAA, the ending symbol of AUL PUSCH is configurable between symbol #12 or #13. If the symbol #12 is configured as the ending symbol, the symbol #13 should be blanked which is used for creating LBT gap at eNB. In NR-U, a configurable ending symbol for configured grant transission is also desirable. The SCS and LBT type should be taken into account when the candidate ending symbols for NR-U configured grant are determined because unlike FeLAA, the number of required blanked symbols for LBT gap is different according to the subcarrier spacing. In other words, for 60kHz, last 2 symbols should be dropped to creat LBT gap for Cat 2. LBT while 1 symbol is enough if LBT is not required for DL transmission (e.g, gap bewteen UL and DL is less than or equal to 16us) or SCS is 15kHz/30kHz. Therefore, subcarrier spacing and LBT type should be considered in determining ending position of configured grant transmission.
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Figure 1. Required number of symbols for LBT gap with different SCSs
Proposal 2: For NR-U configured grant, subcarrier spacing and LBT type should be considered in determining ending position of configured grant transmission.
3 HARQ Enhancements
3.1 CBG-based Retransmission
In the previous meeting, it was agreed to support CBG-based retransmission at least by using dedicated scheduled resource allocated by an UL grant. However, it is still open whether to allow CBG-based retransmission using configured grant resource. If it is supported, CBG-based retransmission performs on the same resources where TB-based configured PUSCH transmitted, which results in resource waste. For example, even if single CBG fails, whole configured resource assigned for TB should be used for the single CBG retransmission. In addition, in NR-U, since CBG-based retransmission may occur frequently due to the hidden node and the support of flexible starting position, resource waste would be more severe. Hence, it is desirable not to support CBG-based retransmission using a configured grant resource. 
Proposal 3. CBG-based retransmission using a configured grant should not be supported for NR-U.
However, it still needs to discuss further whether to include CBG-based HARQ-ACK feedback in DFI or not since it can be exploited to the contention window size adaptation. In this case, significant signalling overhead of DFI would be expected so that a mechanism to reduce DFI bits should be considered. For example, when gNB configures maximum number of CBG per TB as 8 and the number of HARQ process IDs is 16, the number of HARQ-ACK bits in DFI would be 128. If the DFI is informed by one of DCI formats introduced for NR-U (e.g., UL grant for NR-U) and size of this DCI is not enough to accommodate the required number of bits for CBG-based HARQ-ACK feedback, a mechanism to reduce DFI bits should be considered. For example, bundling some of CBG-based HARQ-ACKs or limit the number of CBGs for configured grant based on the maximum DFI size could be considered.
Proposal 4: If CBG-based HARQ-ACK feedback is included in DFI, a mechanism which minimizes DFI size should be supported.
3.2 Minimum Duration of DFI
[bookmark: _GoBack]In the previous meeting, it was agreed to support a configurable minimum duration between PUSCH and DFI carrying HARQ-ACK for that PUSCH. For single PUSCH, the configurable minimum duration D is between the end of PUSCH transmission and the start of DFI, while it is FFS for PUSCH with repetition. Specifically, whether the end of last copy of PUSCH or the end of first copy of PUSCH should be the reference start of minimum duration D. On one hand, considering gNB may have to receive all copies of one PUSCH to perform decoding, it seems reasonable to use the end of last copy of PUSCH as the reference. On the other hand, earlier termination is supported from Rel-15 which saves UL resources of remaining K-N repetitions if gNB has correctly decoded with first N copies of PUSCH, it would be also beneficial to support this function for NR-U, thus using the end of first copy of PUSCH as the reference makes sense. Then, UE assumes ACK is valid for PUSCH transmissions with first repetition ending before n-D. 
Proposal 5: For PUSCH with repletion, UE assumes ACK is valid for PUSCH transmissions with first copy ending before n-D, where D is the configured minimum duration. 
4 Configured Grant UCI
4.1 CG UCI Contents
In the previous meeting, it was agreed that CG-UCI includes at least HARQ ID, NDI, RV, and COT sharing information. One of the remaining issue is whether to include UE ID in the CG-UCI. For the reliability, in NR-U configured grant, it is desirable to make gNB can distinguish which UE transmits CG PUSCH among multiple configured UEs. One possible way to achieve this is to allow each UE to use orthogonal DMRS sequences. However, this approach would require some specification effort because in NR whether to configure orthogonal scrambling ID or not is up to gNB’s configuration. Another way is to include UE ID in the CG-UCI, which is already adopted in FeLAA. Even if it can increase the UCI payload size, it enables gNB to identify the transmitting UE with simple and less specification impact.
Proposal 6: NR-U should include UE ID in the CG-UCI.
For dynamic PUSCH, UL DAI is indicated in the UL grant to ensure a proper HARQ-ACK payload to avoid the impact on PUSCH rate matching. Similarly, it is beneficial to indicate HARQ-ACK payload in CG-UCI to help HARQ-ACK reception as well as PUSCH reception. 
Proposal 7: NR-U should include UL DAI in the CG-UCI.
Another consideration point for the CG-UCI contents is the details of COT sharing information. As agreed in the last meeting [1], gNB is allowed to transmit DL signals/channels including PDSCH for the UE that initiated the channel occupancy. Different than FeLAA, DL resource for UL-to-DL sharing of NR-U can be varied according to the flexible starting and/or ending position of configured PUSCH. Hence, COT sharing information should contain DL resource allocation information as follows:
1) COT sharing indication
2) Time domain resource assignment value including slot duration indication
3) CORESET/SS related information if temporal CORESET/SS configuration is supported
To enable UL-to-DL sharing, first of all, UE should indicate the starting slot of UL-to-DL sharing. For this, basically, NR-U can reuse FeLAA approach where UE indicates COT sharing in a subframe n whether subframe n+X is applicable for UL-to-DL sharing, wherein X is configured by eNB. However, this approach could restrict the opportunity of COT sharing since if gNB misses the CG-UCI indicating UL-to-DL sharing, gNB cannot share the UE initiated COT. Hence, it is desirable to configure candidate set of X (e.g., {2, 3, 4}) where X values are configured with a consideration of the gNB’s processing time. Then, UE can indicate the UL-to-DL sharing in the multiple slots, which can increase the opportunity of COT sharing.
[image: ]
Figure 2. An example of COT sharing indication from multiple slots
Proposal 8: COT sharing indication should be included in the CG-UCI.
In addition to indicate the starting slot of UL-to-DL sharing, UE needs to inform the position of the DL transmission for UL-to-DL sharing to the gNB. To indicate DL resource for UL-to-DL sharing, NR time domain resource allocation scheme can be considered as a baseline. Specifically, gNB configures a time domain resource allocation table where each index includes the starting symbol within a starting slot, slot duration, and ending symbol within the last shared slot. Then, UE indicates one of indexes in the configured table to inform the DL resources for UL-to-DL sharing.
Proposal 9: Time domain resource assignment value should be included in CG-UCI for the UL-to-DL sharing.
PDCCH in FeLAA can be transmitted to the first 3 OFDM symbols in every DL subframe so that DL sharing is possible by only indicating the applicable subframe. Contrary to FeLAA, in NR, UE can perform PDCCH monitoring and receive PDCCH within a slot according to the CORESET/SS configuration. In other words, if UE indicates DL sharing to the slot(s) where CORESET/SS is not configured by gNB, UE cannot receive DL transmission. Thus, it would be required to take CORESET/SS configuration into consideration in the UL-to-DL sharing indication. One simple option is to limit UL-to-DL sharing to the slot where CORESET/SS is configured by gNB. In this case, it would be possible to indicate DL resource at least starting symbol position for UL-to-DL sharing by indicating CORESET and/or SS index since valid PDCCH reception occasion is associated with CORESET/SS configuration. However, this would restrict the opportunity of UL-to-DL sharing. The other possible option is to exploit temporal CORESET/SS configuration for the UL-to-DL sharing. If gNB configures temporal CORESET/SS configuration which can be active only in DL sharing slot(s), UL-to-DL sharing would be possible all the time regardless of CORESET/SS configuration.
Proposal 10: In NR-U, temporal CORESET/SS configuration for UL-to-DL sharing should be introduced to maximize the resource utilization.
4.2 CG UCI Multiplexing
In the last meeting [1], RAN1 agreed that 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. It is still open how to deal with the case when PUCCH resource of HARQ-ACK feedback overlaps with CG-PUSCH. From LTE to Rel-15, UCI piggyback on PUSCH is supported to avoid undesirable PUSCH dropping. If the PUSCH resource is not enough to carry all overlapped UCI information, UE can drop some of UCI information according to the priority rule, e.g. first drop CSI-part 2, and then CSI-part 1, etc. If gNB still considers the CG-PUSCH resource insufficient to carry the remaining UCI information, gNB can schedule a dynamic PUSCH with a proper resource allocation. The same logic should be followed in NR-U. Therefore, simultaneous transmission of HARQ-ACK of CG-PUSCH should be supported for NR-U. Then, the next discussion point is, how to multiplex different UCIs, when HARQ-ACK and CSI (if there is sufficient resource) is to be multiplexed with CG-UCI. Basically, CG-UCI contains important information which is necessary for configured PUSCH decoding so that CG-UCI should be decoded as soon as possible with a high reliability. The reception performance of CG-UCI should not be affected by other UCI information with uncertain payload size. As is well-known, the HARQ-ACK payload miss-alignment is inevitable and it is even worse when HARQ-ACK of two PDSCH groups is triggered and DL assignment only provides a single T-DAI for one PDSCH group. If HARQ-ACK and CG-UCI is jointly coded, gNB may have to blindly detect several hypothesis to receive HARQ-ACK and CG-UCI, which materially degrades the reliability of CG-UCI. On contrast, if CG-UCI and HARQ-ACK is separately encoded, and HARQ-ACK payload information is provided in CG-UCI as proposed in 4.1, not only more robust CG-UCI reception is expected, but also much easier way for the correct HARQ-ACK reception is provided. Moreover, it is also simpler to support different coding rate for HARQ-ACK and CG-UCI which may target different BLER. Last but not least, minor standard effort is required to support first mapping CG-UCI and then map HARQ-ACK per Rel-15 rule (HARQ-ACK is secondly mapped on the resources where CG-UCI is not mapped). 
Proposal 11: CG-UCI is located in the resources using the same mapping rule of HARQ-ACK. Then, HARQ-ACK is mapped on the resources where CG-UCI is not mapped.
5 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: If NR-U configured grant supports multiple starting positions, the number of starting position candidates should be restricted.
Proposal 2: For NR-U configured grant, subcarrier spacing and LBT type should be considered in determining ending position of configured grant transmission.
Proposal 3. CBG-based retransmission using a configured grant should not be supported for NR-U.
Proposal 4: If CBG-based HARQ-ACK feedback is included in DFI, a mechanism which minimizes DFI size should be supported.
Proposal 5: For PUSCH with repletion, UE assumes ACK is valid for PUSCH transmissions with first copy ending before n-D, where D is the configured minimum duration. 
Proposal 6: NR-U should include UE ID in the CG-UCI.
Proposal 7: NR-U should include UL DAI in the CG-UCI.
Proposal 8: COT sharing indication should be included in the CG-UCI.
Proposal 9: Time domain resource assignment value should be included in CG-UCI for the UL-to-DL sharing.
Proposal 10: In NR-U, temporal CORESET/SS configuration for UL-to-DL sharing should be introduced to maximize the resource utilization.
Proposal 11: CG-UCI is located in the resources using the same mapping rule of HARQ-ACK. Then, HARQ-ACK is mapped on the resources where CG-UCI is not mapped.
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