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1 Introduction
The contribution is a revision of R1-1908724.
Regarding the fields in CG-UCI, RAN1 has made below agreements so far.

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:
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

In RAN1#98 meeting, regarding the configured grant enhancement for NR-U, the related agreements are listed below:

Agreement:
· 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

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

Working assumption:
CG-UCI is included in every CG-PUSCH transmission

However, regarding CBG-based retransmission, CG-DFI design and CG-UCI design, there are still several open issues. In this contribution, we further discuss HARQ-ACK enhancement issues and present our views. 
2 Discussion
2.1 CBG-based retransmission
Concept of CBG (code block group)-based retransmission is introduced in NR Rel-15 for PDSCH and PUSCH transmission. The intention of CBG is to group several code blocks into one code block group and the resulting HARQ-ACK feedback is generated per CBG. Only all the code blocks within one CBG are correctly decoded the HARQ-ACK for the CBG can be set to “ACK”; otherwise, it is set to “NACK”. Upon the reception of the HARQ-ACK feedback, only the CBG(s) indicated with “NACK” shall be retransmitted by the transmitter. For uplink, for an initial transmission of a TB as indicated by the NDI field of the scheduling DCI, the UE may expect that the CBGTI field indicates all the CBGs of the TB are to be transmitted, and the UE shall include all the code block groups of the TB. For a retransmission of a TB as indicated by the NDI field of the scheduling DCI, the UE shall include only the CBGs indicated by the CBGTI field of the scheduling DCI. With CBG-based retransmission, the retransmission efficiency can be increased since only failed CBG is to be retransmitted. 

In unlicensed spectrum, due to burst interference and hidden node interference, CBG-based retransmission is still useful to improve retransmission efficiency. For NR-U, RAN1 has already agreed that CBG-based retransmission is supported for retransmission of a configured grant PUSCH, at least when an UL grant is used to schedule dedicated resource for the PUSCH retransmission. Based on this agreement, if CBG-based retransmission is only supported by using dedicated resource allocated by an UL grant, gNB needs to transmit a UL grant to dynamically schedule retransmission of each HARQ process as long as there is one CBG of the HARQ process not correctly decoded by the gNB. In this way, gNB generally has to perform LBT Cat.4 to obtain the transmission opportunity for the PDCCH and transmits the UL grant with CBGTI for CBG-based retransmission. This does contradict with the main intention of saving overhead for configured grant transmission.  Moreover, CG-DFI is anyway required to indicate the HARQ-ACK feedback for each UL HARQ process including dynamical HARQ process and configured grant HARQ process. With extension of TB-level HARQ-ACK feedback to CBG-level HARQ-ACK feedback, CBG-based retransmission can be supported for configured grant PUSCH retransmission on configured grant resource. In this way, UL grant for scheduling CBG-based retransmission of a configured grant PUSCH is not needed. Based on CBG-level HARQ-ACK feedback in the CG-DFI, UE shall transmit the failed CBG(s) on the configured grant PUSCH resource. Therefore, it is beneficial to support CBG-based retransmission on a configured grant resource.
Proposal 1: CBG-based retransmission on configured resource is supported. 
To further avoid the misunderstanding between gNB and UE on the (re)transmitted CBGs of one TB, CBGTI is included in CG-UCI to indicate gNB which CBG(s) is (re)transmitted in associated configured grant PUSCH. NDI in CG-UCI is non-toggled if the configured grant PUSCH is for retransmission of a TB. NDI is toggled if the configured grant PUSCH is for initial transmission of a TB. For initial transmission of a TB, the CBGTI in CG-UCI should be set to all “1” indicating all the CBGs of the TB are transmitted. This mechanism is equal to CBGTI in UL grant indicating the CBG(s) is to be (re)transmitted on scheduled PUSCH.
Proposal 2: CBGTI indicating the (re)transmitted CBGs of one TB is included in associated CG-UCI.
To enable CBG based retransmissions in configured grant, RRC signaling is used to configure the maximum number of CBGs per TB. The maximum number of CBGs per TB can be set to 2, 4, 6 or 8. The HARQ-ACK codebook in the configured grant DFI needs to support CBG-level HARQ-ACK feedback information. However, mapping CBG-level HARQ-ACK bits for all the UL HARQ processes leads to huge HARQ-ACK codebook size. E.g., when the maximum number of CBGs per TB is configured to 8 and there are 16 HARQ processes configured, the HARQ-ACK codebook size in CG-DFI is equal to 16*8=128. With the inclusion of other necessary information bits in the DFI, e.g., CIF (0 or 3 bits), AUL DFI flag (1bit, ‘1’ to differentiate from DCI for AUL activation/deactivation), TPC for PUSCH (2 bits), and TPMI (3 or 6 bits, only present for AUL TM2), the total payload size of configured grant DFI may be up to 140. Even if the maximum number of CBGs per TB is configured to 4, the HARQ-ACK codebook size in CG-DFI is equal to 16*4=64. If a new DCI format will be introduced for configured grant DFI, it causes inevitably higher UE blind detection effort. A reasonable way is to design the configured grant DFI with same size to one of existing UL grant formats so that UE can avoid extra blind decoding complexity. In Rel-15 NR, two UL grant formats are defined, DCI format 0_0 and format 0_1. It is clear that both can’t have large enough payload to accommodate CBG-level HARQ feedback for all the UL HARQ processes. Therefore, solutions to reduce the HARQ-ACK feedback overhead are needed. For example, TB-level HARQ-ACK feedback is included in CG-DFI for all the UL HARQ processes and CBG-level HARQ-ACK feedback is included just for the first several UL HARQ processes with “NACK” indicated in the TB-level HARQ-ACK feedback. 
Proposal 3: CG-DFI has same size with DCI format 0_1 to reduce UE effort on PDCCH blind detection.
Proposal 4: Overhead reduction is required for HARQ-ACK codebook in CG-DFI to ensure CG-DFI has size with DCI format 0_1. 
2.2 CG-UCI transmission
Due to LBT risk, UE may not access a configured resource and has to defer its prepared PUSCH transmission to next transmission opportunity, e.g., next slot in the best case or next periodic configured resource in the worst case. A feasible solution is to support multiple transmission opportunities in the first slot of an UL transmission burst, which can balance the flexible starting positions for UE and the detection complexity for gNB. Since RAN1 has already agreed that UE can only start transmission of configured grant PUSCH at the configured/indicated starting position, this means that symbol puncturing based approach is not allowed for transmitting a configured grant PUSCH. Therefore, another approach is that gNB can configure multiple Type B PUSCHs in multiple contiguous mini-slots of the initial slot of an UL burst so that UE can have multiple transmission opportunities within the initial slot and doesn’t need to puncture the prepared PUSCHs based on LBT outcome. Considering Type B PUSCH is supported for NR-U, this method has minor specification impact. 

Proposal 5: Multiple Type B PUSCHs are supported within a slot for configured grant PUSCH transmissions.

In addition, if CG-UCI is transmitted on each PUSCH of the multiple configured Type B PUSCHs, like AUL-UCI in Rel-15 FeLAA, the CG-UCI will cause tremendous overhead. RAN1 has already agreed the CG-UCI includes at least below fields. Additionally, other fields not agreed yet are necessary for configured grant transmission.
Table 1: Fields in CG-UCI

	Field
	Number of required bits
	Comments

	HARQ process ID
	4
	Already agreed

	NDI
	1
	Already agreed

	RV
	2
	Already agreed

	COT sharing indicator
	1
	Already agreed

	Duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
	3 as one example
	Already agreed the field. FFS the number of bits

	UL channel access priority class value
	2
	Necessary but not agreed so far

	UE-ID
	16
	Necessary but not agreed so far

	CRC
	11
	Necessary but not agreed so far

	Total: 40 bits


As analyzed above, the total number of CG-UCI may need 40 bits. Transmitting such CG-UCI in a PUSCH with a short duration occupies too many of the resources configured for the UL data. Therefore, UE has to perform rate matching to multiplex the CG-UCI on the PUSCH based on the equation described for ACK/NACK in 6.3.2.4.1.1, TS 38.212.
We have evaluated the PUSCH performance in terms of throughput by simulation. 
Table 2: Throughput comparison with same TBS for PUSCH w/ and w/o CG-UCI
	
	MCS
	PUSCH without CG-UCI
	PUSCH with CG-UCI

	PUSCH duration (symbols)
	Qm
	TBS
	Throughput (kbps)
	Throughput (kbps)

	2
	4
	176
	161.23
	19.84

	3
	4
	352
	336.99
	270.37

	4
	4
	528
	509.21
	455.52

	5
	4
	808
	739.76
	680.35


Table 3: Throughput comparison with different TBS for PUSCH w/ and w/o CG-UCI 
	
	PUSCH without CG-UCI
	PUSCH with CG-UCI using lower TBS

	PUSCH duration (symbol)
	Qm
	TBS
	Throughput (kbps)
	Qm
	TBS
	Throughput (kbps)

	2
	4
	176
	161.23
	2
	72
	66.81

	3
	4
	352
	336.99
	2
	208
	193.39

	4
	4
	528
	509.21
	2
	408
	399.29

	5
	4
	808
	739.76
	4
	704
	652.72
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Fig. 2 Throughput comparison with same/different TBS for PUSCH w/ and w/o CG-UCI
The simulation results in Table 2 and Table 3 show the throughput loss due to increased actual coding rate of the PUSCH. In our link-level simulation, there are two cases: Case 1: same TBS is assumed for PUSCH with and without CG-UCI; Case 2: same 10% BLER target is used for MCS selection for PUSCH with and without CG-UCI. Hence, in Case 1, PUSCH with CG-UCI will lead to throughput loss because the actual PUSCH coding rate is larger with CG-UCI than without CG-UCI (Table 2). In Case 2, to achieve 10% BLER target, UE has to choose a lower TBS so that the throughput is decreased by 59%, 43%, 22% and 12% when the PUSCH duration is 2, 3, 4 and 5 symbols respectively (Table 3). 

Table 4: link level simulation
	Numerology
	15kHz

	System bandwidth
	20MHz (100 RBs)

	PUSCH mapping type
	Type B

	PUSCH duration
	2, 3, 4, 5 symbols including one symbol DM RS

	PUSCH frequency resource
	1 interlace (10 RBs)

	DMRS type
	1

	DMRS duration
	1 symbol

	Number of layers
	1

	SCS
	15 kHz
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	0.5

	CG-UCI payload size
	40 including 11-bit CRC

	PTRS overhead
	Not considered

	BLER target
	0.1 (no retransmission)

	Channel Model
	TDL-C

	Channel Delay
	30ns

	Number of Antennas
	2*2

	Channel estimation method
	MMSE


If we consider the separately encoded UCIs multiplexed in a CG-PUSCH, e.g., HARQ-ACK feedback, CSI part 1 or CSI part 2, the condition is even worse. There is almost no resource that can be used for transmitting the UL-SCH data when the PUSCH duration is 2 symbols. 
Considering the CG-UCI may have 40 bits, overhead reduction for CG-UCI is needed especially for short PUSCHs. If there are multiple PUSCH in the same UL burst, a feasible way is to transmit one shared CG-UCI corresponding to these multiple PUSCHs, like the example shown in Fig. 3. A preferred position of the shared CG-UCI is within the last PUSCH. In this way, the shared CG-UCI can as much as possible avoid being punctured as a result of LBT. Additionally, later PUSCH may generally occupy more symbols, as it can be desirable to have shorter PUSCHs in the beginning for better channel access probabilities.
Though decoding delay is increased compared to Rel-15 FeLAA and Rel-15 NR configured grant, NR-U is not designed for low latency transmission due to the uncertainty of the unlicensed spectrum.
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Fig. 3. CG-UCI transmission 

Based on the results and analysis, we propose that CG-UCI is not transmitted in the PUSCH with durations smaller than 3 symbols if there is at least one more contiguous CG-PUSCH resource available. In that case, shared CG-UCI corresponding to multiple CG-PUSCH transmission is included in the last contiguous CG-PUSCH resource.
Proposal 6: If at least two contiguous CG-PUSCH resources are available, only one shared CG-UCI is transmitted in the last of these CG-PUSCH resources and no CG-UCI is included in the other CG-PUSCH resources..
3 Conclusion

In this contribution, we focus on the HARQ-ACK transmission issues and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: CBG-based retransmission on configured resource is supported. 
Proposal 2: CBGTI indicating the (re)transmitted CBGs of one TB is included in associated CG-UCI.

Proposal 3: CG-DFI has same size with DCI format 0_1 to reduce UE effort on PDCCH blind detection.

Proposal 4: Overhead reduction is required for HARQ-ACK codebook in CG-DFI to ensure CG-DFI has size with DCI format 0_1. 
Proposal 5: Multiple Type B PUSCHs is supported within a slot for configured grant PUSCH transmissions.
Proposal 6: If at least two contiguous CG-PUSCH resources are available, only one shared CG-UCI is transmitted in the last of these CG-PUSCH resources and no CG-UCI is included in the other CG-PUSCH resources.
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