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1. Introduction & Background

This paper is the revision of R2-1814262. The topic which has been discusssed is removed

In the RAN2#103 meeting, the RACH procedure for NR-U was discussed. And the following agreements and assumptions have been made.
=> R2 assumes that RACH may be enhanced by additional opportunities, e.g. in time or frequency domain, FFS which messages the additional opportunities apply to.
=> Will study the model of single-RACH procedure. FFS multiple parallel procedure model 
=> Will study impact to PREAMBLE_TRANSMISSION_COUNTER, PREAMBLE_POWER_RAMPING_COUNTER, ra-ResponseWindow, ra-ContentionResolutionTimer
=> It is FFS if LBT failure knowledge would be used in MAC (if available), e.g. to decide whether to increments counters PREAMBLE_POWER_RAMPING_COUNTER PREAMBLE_TRANSMISSION_COUNTER, or start stop of timers.
In this paper , we discuss the following topics based on single-RACH procedure:
· Which messages the additional transmission opportunities apply to
· How to apply the additional transmission opportunities in time domain
· How to apply the additional transmission opportunities in frequency domain

2. Discussion
2.1 Which messages the additional transmission opportunities apply to
It is known that a node needs to perform CCA before transmitting on unlicensed spectrum. If the LBT is failure, the node needs to perform LBT again after a random back off time. Obviously, the LBT procedure may introduce additional latency to the RACH procedure. 
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 Figure 1 CBRA RACH Procedure on Unlicensed PCell
Take the CBRA RACH procedure on unlicensed PCell shown in Figure1 as an example, LBT has to be performed for all the 4 messages. Increasing transmission opportunities will shorten the duration of the RACH procedure no matter the additional transmission opportunities is applied to which message. The more messages apply the additional transmission opportunities, the shorter duration of the RACH procedure can be achieved. Hence, we propose:
Proposal1: RAN2 to study the solutions to apply additional transmission opportunities to RACH MSG1/2/3/4.
2.2 How to apply the additional transmission opportunities in time domain
In this section, we analyse how to apply the additional transmission opportunities in time domain for each of the RACH messages, i.e. MSG1/2/3/4.

· MSG1
According to the current 38.321, after UE MAC instructs the PHY to transmit a preamble, the MAC will always perform corresponding RAR reception even if the preamble transmission is not performed in PHY for some reason e.g. confliction with measurement gap. And the UE MAC can only perform MSG1 transmission again in the next available PRACH occasion after the RAR reception window.
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Figure 2 Next available RPRCH Resource after LBT Failure
If the same principle is applied to NR-U, the transmission opportunities for MSG1 will decrease in the time domain, as illustrated in the Figure 2. In the figure, the transmission on the blue PRACH occasion is skipped for the LBT before it (i.e. the red rectangle) is failure. As a result, the earliest time for MSG1 retransmission is the PRACH occasion 3 rather than the PRACH occasion 1 and 2, since the PRACH occasion 1and 2 is overlapping with  the RAR reception window in time domain. 
To increase the transmission opportunities for MSG1 in time domain, we suggest considering the following solution: the MAC entity will not perform RAR reception if LBT fails for the previous preamble transmission. And the UE is allowed to perform preamble transmission in the next available PRACH occasion, e.g. PRACH occasion 1 in the above example.
Proposal2: the MAC entity doesn’t perform RAR reception if the preamble transmission is not performed in PHY due to LBT, e.g. the PRACH occasions, which are overlapping with the RAR reception window corresponding to the preamble which is not transmitted due LBT failure, can be used as additional transmission opportunities for MSG1.
· MSG2

After the transmission of MSG1, one UE needs to perform RAR reception in a time window which length is configured by the parameter ra-ResponseWindow. If the gNB fails to perform MSG2 transmission in the time window due to LBT, the UE has to transmit the MSG1 again.

Extend the length of ra-ResponseWindow will allow the gNB to perform MSG2 transmission with additional opportunities in time domain. However, a too long RAR reception window will delay the UE to declare RACH failure in case the channel is very busy. Currently, one lincensed NR cell supports RAR window size configurations of {1, 2, 4, 8, 10, 20, 40, 80} slots with a maximum length of 10 ms, where the length of the slot is determined by the RAR numerology as indicated in system information. We suggest extending the RAR window size, the detailed window size is FFS.
Proposal3:  Extend the length of ra-ResponseWindow for RACH on unlicensed spectrum to allow the gNB to perform MSG2 transmission with additional opportunities in time domain. 

· MSG3
The UL grant for MSG3 is delivered in MSG2, and there is only one UL grant in MSG2 currently. To provide additional transmission opportunities for MSG3, the MSG2 can be enhanced to delivery multiple UL grants, which occur in different time, for MSG3. The UE can try each UL grant in turn until the transmission of MSG3 is successful or the UL grants are exhausted. 
Proposal4:  Multiple UL grants, which are corresponding to different times, can be delivered via MSG2, to enable one UE to transmit MSG3 with additional opportunities in time domain.
· MSG4
Follow the logic of extending the ra-ResponseWindow, it is suggested to extend the ra-ContentionResolutionTimer to allow the gNB to perform MSG4 transmission with additional opportunities in time domain.
Proposal5:  Extend the length of ra-ContentionResolutionTimer to allow the gNB to perform MSG4 transmission with additional opportunities in time domain. 

2.3 How to apply the additional transmission opportunities in frequency domain
In this section, we first analyse the current limitation for apply additional transmission opportunities in frequency domain, and then we discuss how to apply the additional transmission opportunities in frequency domain for RACH messages, i.e. MSG1/2/3/4.

· Limitation for apply additional transmission opportunities in frequency domain
The term LBT channel is defined in this paper to assist the analysis. LBT channel refers to the channel on which LBT can be performed. The result of LBT on each LBT channel is independently.
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Figure 3 Single RACH procedure across multiple LBT channels
One example of applying additional opportunities in frequency domain is illustrated in the Figure3. In the example, multiple LBT channels are configured to the transmission node. If LBT is successful on at least one of the LBT channels, the transmission node can select one of the successful LBT channels to transmit. The more LBT channels are configured, the more additional transmission opportunities in frequency domain are available. Obviously, apply the additional transmission opportunities in frequency domain requires at least two LBT channels. 
Observation1: Apply the additional transmission opportunities in frequency domain requires at least two LBT channels are configured to one transmission node, where the LBT channel refers to the channel on which LBT can be performed.
In the RAN1#92bis meeting, the following agreements have been reached.
	· Agreement:

· Study possible enhancements for HARQ operation 

· Study changes needed for Configured Grant support in NR-U

· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 

· in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  

multiple of 20MHz 

· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 

· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.




In the RAN2#93 meeting, the following agreements have been reached.

	· Agreement: 

· Initial active DL/UL BWP is approximately 20MHz for 5GHz band

· The final value will be quantized to number of PRBs

· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band

· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz




According to the above RAN1 agreements highlighted in yellow, it can be observed that:
Observation2: There is only one LBT channel on the initial active DL/UL BWP, since the initial active DL/UL BWP occupies only 20MHz for 5 or 6GHz band and 20MHz is the minimal bandwidth for LBT. 
Therefore, idle/inactive UEs can’t apply the additional transmission opportunities in frequency domain for RACH, since they have only initial active DL/UL BWP (i.e. 20MHz, the minimal bandwidth for LBT) can be used.
Hence, we suggest RAN2 to discuss:

Proposal6:  RAN2 to discuss whether the additional transmission opportunities in frequency domain should be enhanced to enable idle/inactive UE to apply. 
· Common for MSG1/2/3/4
To run multiple LBT processes in PHY on multiple LBT channels simultaneous, the MAC entity is required to indicate PHY with multiple transmission opportunities (i.e. each on one LBT channel) simultaneous. Then the PHY preforms LBT on the channels and selects one of the successful channels (if any) to send the RACH message. 
Proposal7: To allow the PHY to perform MSG1/2/3/4 transmission with additional opportunities in frequency domain, MAC entity needs to provide multiple transmission opportunities, each on one LBT channel, to PHY at a time.
· MSG3

The UL grant for MSG3 is delivered in MSG2, and there is only one UL grant in MSG2 currently. To provide additional transmission opportunities for MSG3, the MSG2 needs to delivery multiple UL grants, which occur on different LBT channels, for MSG3. The UE can perform LBT for each UL grant simultaneously and selects one of the successful channels (if any) to send MSG3. 
Proposal8:  Multiple UL grants, which are corresponding to different LBT channels, can be delivered via MSG2, to enable one UE to transmit MSG3 with additional opportunities in frequency domain.
3. Conclusion

In this contribution, the issues related to additional transmission opportunities for NR-U RACH are discussed. And we have the following proposals:
Proposal1: RAN2 to study the solutions to apply additional transmission opportunities to RACH MSG1/2/3/4.
Proposal2: the MAC entity doesn’t perform RAR reception if the preamble transmission is not performed in PHY due to LBT, e.g. the PRACH occasions, which are overlapping with the RAR reception window corresponding to the preamble which is not transmitted due LBT failure, can be used as additional transmission opportunities for MSG1.
Proposal3:  Extend the length of ra-ResponseWindow for RACH on unlicensed spectrum to allow the gNB to perform MSG2 transmission with additional opportunities in time domain. 

Proposal4:  Multiple UL grants, which are corresponding to different times, can be delivered via MSG2, to enable one UE to transmit MSG3 with additional opportunities in time domain.

Proposal5:  Extend the length of ra-ContentionResolutionTimer to allow the gNB to perform MSG4 transmission with additional opportunities in time domain. 
Proposal6:  RAN2 to discuss whether the additional transmission opportunities in frequency domain should be enhanced to enable idle/inactive UE to apply. 
Proposal7: To allow the PHY to perform MSG1/2/3/4 transmission with additional opportunities in frequency domain, MAC entity needs to provide multiple transmission opportunities, each on one LBT channel, to PHY at a time.
Proposal8:  Multiple UL grants, which are corresponding to different LBT channels, can be delivered via MSG2, to enable one UE to transmit MSG3 with additional opportunities in frequency domain.
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