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1. Introduction

In RAN1#93 meeting [1], the following agreement was made for configured grants in unlicensed spectrum.
	Agreement:
· The following modifications to the configured grant procedures are beneficial

· Removing dependencies of HARQ process information to the timing

· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID

· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission

· Increased flexibility on time domain resource allocation for the configured grant transmissions

· Supporting retransmissions without explicit UL grant


In this contribution, we discuss the potential enhancements to configured grant in NR-U operation.

2. Configured grant procedures in NR-U
2.1. Downlink feedback information (DFI)
In RAN1#93 meeting, it was agreed to introduce DFI carrying HARQ feedback for configured grant transmission. Similar to DFI introduced for FeLAA (i.e., AUL-DFI), HARQ-ACK information corresponding to HARQ processes at least configured for CGU (configured grant for NR-U) can be included also in CGU-DFI. 
For AUL-DFI, HARQ-ACK information for an AUL PUSCH transmitted at subframe n is not expected before subframe n+4. In NR, gNB scheduler can adapt timing relationship between PUSCH transmission and retransmission, between PDSCH and UL HARQ feedback, and so on. Therefore, the flexible timing relationship between CGU PUSCH and CGU-DFI can be considered. For example, the earliest timing gap from CGU PUSCH to CGU-DFI can be configured by gNB.
Proposal 1: Consider the flexible timing relationship between CGU PUSCH and CGU-DFI.
2.2. UCI on CGU-PUSCH
Similar to AUL, UE can transmit the CGU-UCI on CGU PUSCH including at least HARQ process ID, NDI, and RVID. In FeLAA, the mapping position of AUL-UCI is always from the second symbol to the second last symbol to minimize the effect of multiple starting/ending symbol positions of AUL PUSCH. If more starting/ending positions are allowed in NR-U, additional consideration for CGU-UCI mapping can be necessary to avoid puncturing of the CGU-UCI due to the LBT failure. For instance, as shown in Figure 1, the CGU-UCI can be mapped after the last PUSCH starting position in the slot. In addition, if NR-UCI (including HARQ-ACK, CSI part 1, and CSI part 2) can be piggybacked on CGU-PUSCH, we also need to consider how to multiplex NR-UCI with CGU-UCI.

[image: image1.emf]C

G

U

-

U

C

I

 

M

a

p

p

i

n

g

F

r

e

q

u

e

n

c

y

Time

P

U

S

C

H

 

s

t

a

r

t

i

n

g  

p

o

s

i

t

i

o

n  

3

P

U

S

C

H

 

s

t

a

r

t

i

n

g   p

o

s

i

t

i

o

n

 

2

P

U

S

C

H

 

s

t

a

r

t

i

n

g   p

o

s

i

t

i

o

n

 

1

Slot

Symbol


Figure 1. Example of CGU-UCI mapping after the last PUSCH starting position
Proposal 2: Study how to map CGU-UCI on CGU PUSCH considering multiple starting/ending positions for CGU PUSCH and multiplexing with NR-UCI (including HARQ-ACK, CSI part 1, and CSI part 2).
2.3. Flexible time-domain resource allocation
In NR, the time-domain resource allocation for configured grant is given by the combination of offset value from SFN=0 and symbol-level periodicity. To increase flexibility for time-domain resource allocation, it can be considered to allocate the time-domain resource by using a bitmap for a fixed period time as in FeLAA. However, different from FeLAA, we need to consider various numerologies for bitmap based time domain resource allocation. For example, the bitmap with fixed size can be interpreted as a scalable manner with respect to numerology (e.g., one slot allocation for each bit in case of 15 kHz SCS and two slot allocation for each bit in case of 30 kHz SCS), or different bitmap size can be configured for each SCS (e.g., 40-bit bitmap for 15 kHz SCS and 80-bit bitmap for 30 kHz SCS).
Proposal 3: Adopt bitmap based time domain resource allocation considering various numerologies for CGU PUSCH.
2.4. CBG based transmission for CGU
In FeLAA, AUL was introduced to achieve low latency, reduce control signaling overhead, and obtain better UL throughput in low cell load situation. In NR, the CBG based transmission was introduced because the efficiency of TB based retransmission can be degraded by large TBS (transport block size) and eMBB data can be preempted by URLLC data. In NR-U, it would be beneficial to adopt CBG based transmission for CGU in that it is robust against bursty (or short-term) interference and can significantly increase the retransmission efficiency. In addition, since some symbols may not be transmitted due to LBT failure (e.g., puncturing) if multiple starting positions are allowed in NR-U, it would be favorable to retransmit CBG(s) only belonging to the not-transmitted symbols. In order to support efficient CBG based transmission for CGU, we may need to consider how to configure control information (e.g., CGU-DFI, CGU-UCI).
Proposal 4: Adopt CBG based transmission for CGU considering how to configure control information such as CGU-DFI and CGU-UCI.
3. Conclusion
In this contribution, we discussed technical points to be discussed for the support of configured grant transmission in NR unlicensed operation, and proposals are as follows.
Proposal 1: Consider the flexible timing relationship between CGU PUSCH and CGU-DFI.

Proposal 2: Study how to map CGU-UCI on CGU PUSCH considering multiple starting/ending positions for CGU PUSCH and multiplexing with NR-UCI (including HARQ-ACK, CSI part 1, and CSI part 2).
Proposal 3: Adopt bitmap based time domain resource allocation considering various numerologies for CGU PUSCH.
Proposal 4: Adopt CBG based transmission for CGU considering how to configure control information such as CGU-DFI and CGU-UCI.
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