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1 Introduction
In RAN1#94 meeting [1], the following agreement were reached:
Agreement:
Allowing consecutive configured grant resources in time without any gaps in between the resources and non-consecutive configured grant resources (not necessarily periodic) with gaps in between the resources is beneficial and should be considered for NR in unlicensed spectrum

Agreement:
It is identified to be beneficial to support DFI to include pending HARQ ACK feedback for prior configured grant transmissions from the same UE. 
· FFS: DFI to include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission.

Agreement:
UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:
· Reception of NACK feedback via DFI for the corresponding HARQ process
· FFS: No reception of feedback from gNB upon the timer expiration.
· To introduce a new timer or reuse configuredGrantTimer.

Agreement:
It is identified to be beneficial to consider UE multiplexing and collision avoidance mechanisms between configured grant transmissions and between configured grant and scheduled grant transmissions. 
· FFS: detailed mechanism.

In this contribution, we discuss the potential enhancement of configured grants in NRU. It is the revision of R1-1810810.

2 Discussion on configured grant in NR-U
2.1 UE multiplexing and collision avoidance mechanisms
In LAA AUL, UE multiplexing and collision avoidance mechanisms are done by randomly selected offset by UE. As the time unit of CCA is 9us, for AUL transmissions outside of eNB obtained MCOT, the configured set is a subset of {16, 25, 34, 43, 52, 61, OS #1}. For NRU especially when the subcarrier spacing is more than 15KHz, e.g. 60KHz, the time duration of one OFDM symbol is shorter than that in 15KHz as table 1 shows, hence the choice within OS #1 will be limited. As for 60KHz SCS, the time duration of OFDM symbol including CP is 17.84us, only OS #1 can be included in the set for AUL transmissions outside of eNB obtained MCOT and not supports AUL transmissions inside of eNB obtained MCOT .
[bookmark: _GoBack]Table 1. Subcarrier Spacing and OFDM Symbol Duration 
	Subcarrier Spacing (kHz)
	15
	30
	60

	OFDM Symbol Duration (us)
	66.67
	33.33
	16.67

	Cyclic Prefix Duration (us)
	4.69
	2.34
	1.17

	OFDM Symbol including CP (us)
	71.35
	35.68
	17.84



For 60KHz SCS and collision avoidance, one method is to extend OFDM symbol for LBT and back off from 1 to 4 since 4 symbols of 60KHz SCS has the same duration as 1 symbols of 15KHz SCS. However, DMRS for PUSCH mapping typeA is at OS #2 or OS#3. If the configure back off set is up to OS#4, DMRS may not transmit which is not expected to happen. On the other hand, if we set DMRS transmitted at OS#4, different offsets occupy different number of symbols. As figure 1 shows, 25us offset overlaps with 2 symbols while in 61us offset overlaps with 4. We must transmit data between the end of offset and start of DMRS to occupy the channel, but the duration of data transmission is uncertain. As the offset is randomly generated by UE, one possible way is that to indicate the offset in UCI.

[image: ]
Fig 1. Collision avoidance on random offset for 60KHz SCS
Proposal 1: When random offset is adopted for collision avoidance for 60 KHz subcarrier spacing, DMRS position should not overlap with the offset of configured set and offset selected by UE is indicated in UCI.
2.2 HARQ feedback and COT Sharing
Self-contained HARQ feedback in DL transmission is discussed for NRU. Self-contained structure for ACK information feedback is adopted in WLAN and has beneficial on channel access as no LBT or one shot LBT is done to feedback ACK information. In LAA-AUL, COT sharing of AUL transmission for eNB transmitting HARQ-ACK information or uplink grant for the transmitting UE is adopted.
For NRU, self-contained structure for HARQ has challenge on processing time as the feedback should transmit no later than 25us after the end of downlink transmission. If self-contained structure on HARQ feedback is adopted in NRU for downlink transmission, it is also beneficial for uplink configured grant transmission. For scheduled uplink transmission, as retransmission is schedule by gNB though DCI, there is no need to feedback ACK in downlink. However, for configured grant uplink transmission, the retransmission can be determined by UE on configured grant resources itself, self-contained structure on HARQ feedback can one hand has beneficial on channel access and on the other hand reduce the latency of uplink transmission.
However, self-contained HARQ-ACK information on PDCCH has some disadvantage. First, if the length of HARQ-ACK information bit(s) is small, transmitting in DCI using polar encoding with 24 bits CRC is of less frequency efficiency. Second, the MCOT is the integer multiple milliseconds which is also the integer multiple of slot, and search spacing is located in the front of slot usually. HARQ-ACK feedback at the end of slot has beneficial of utilizing MCOT as much as possible, while HARQ-ACK feedback in DCI on PDCCH may occupy the first 3 symbols of a slot and the rest symbols in the slot cannot be used. Hence, introducing a new physical downlink channel or enhancing the existing PDCCH is beneficial for self-contained AUL HARQ-ACK feedback.
Proposal 2: If self-contained HARQ feedback with configured grant uplink transmission is adopted in NRU, introducing a new physical downlink channel or enhancing the existing PDCCH is beneficial.
2.3 Configured grant UCI
In FeLAA, AUL-UCI is used to indicate information about the UE as UE idetification, NDI, COT sharing, etc. In NRU, the same UCI could be supported to indicate control information from UE to gNB. In NR, resources used for UCI in PUSCH is calculated based on the size of data bits, the size of UCI bits and value beta. For configured grant transmission, one scenario is that gNB could not aware which UE is transmitting. As different UE may have different MCS, gNB could not detect UCI first before it knows which UE is transmitting. Hence, UE identification detection and UCI multiplexing should be enhanced in configured grant transmission.
Proposal 3: UE identification detection and UCI multiplexing should be enhanced in configured grant transmission.

3 Summary
In this contribution, we have the following proposals:
Proposal 1: When random offset is adopted for collision avoidance for 60 KHz subcarrier spacing, DMRS position should not overlap with the offset of configured set and offset selected by UE is indicated in UCI.
Proposal 2: If self-contained HARQ feedback with configured grant uplink transmission is adopted in NRU, introducing a new physical downlink channel or enhancing the existing PDCCH is beneficial.
Proposal 3: UE identification detection and UCI multiplexing should be enhanced in configured grant transmission.
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