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1. Introduction
During the last several RAN1 and RAN2 meetings, how to enhance the counter and timers of RACH to overcome the impact of LBT was discussed. It has been agreed that the maximum RAR window size and ra-ContentionResolutionTimer may need to be extended, but the values are still FFS. Besides, how to handle the counter PREAMBLE_TRANSMISSION_COUNTER concerning the impact of LBT has not been decided yet. In the paper, we give our considerations on the above open issues. 

2. Discussion
2.1 Handling of PREAMBLE_TRANSMISSION_COUNTER
In the RAN2#104 meeting, the following two options related to PREAMBLE_TRANSMISSION_COUNTER have been identified.

	Chair: there seems to be two options: 

- 
Counter works as today (not taking into account LBT)

- 
Counter only counts actual transmissions + we introduce another counter to count RACH LBT failures, and can trigger RACH failure.  


In the first option (i.e. option1), the counter PREAMBLE_TRANSMISSION_COUNTER is always increased when MAC indicates PHY to send preamble irrespective of LBT failures. In the second option (i.e. option2), the counter PREAMBLE_TRANSMISSION_COUNTER only counts actual transmissions of preamble and a new counter is introduced to count the preamble transmissions blocked due to LBT failure. The new counter triggers RACH failure when a pre-configured maximum value is reached. 
Some companies argued that the new counter introduced in the option2 can trigger RACH failure timely in case of systematic UL LBT failures. But in our understanding, the benefit of option2 is not clear compared with option1, since triggering RACH failure early does not always bring benefit. This can be illustrated in the following example. The assumptions of the example are following:  
· In option1, the maximum number of preamble transmission attempt is 10, i.e. RACH failure is declared if the RACH is not successful after MAC indicates PHY to perform the 10th preamble transmission.
· In option2, both the maximum number of LBT failure and the maximum number of preamble actual transmission are 5, i.e. RACH failure is triggered at the 5th preamble transmission blockage due to LBT or if RACH is not successful after 5 preamble transmissions actually performed.
Let’s see the results of applying the option1 and 2 in the following two cases:

Case1 is illustrated in the figrure1: RACH will succeed if the 9th preamble transmission attempt is performed.
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Figure 1 RACH will succeed if the 9th preamble transmission attempt is performed
According to the above assumptions, the RACH procedure will succeed if the opiton1 is applied, but fail if the option2 is applied. Since in option2, the RACH failure is declared at the 5th time of preamble transmissions blockage due to LBT.

Case2 is illustrated in the figrure2: RACH will not succeed even after the 10th preamble transmission attempt is performed.
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Figure 2 RACH will not succeed even the 10th preamble transmission attempt is performed
In this case, the RACH procedure will fail in either option. But the RACH failure is declared earlier in option2 than in optoin1, which makes it possible for the UE to start RRC re-establishment procedure earlier. As a result, the option2 may recover from failure earlier than option1. 
Take the about analysis into account, each option has its own advantage. Option1 is better in case1 since it leads to higher RACH successful rate, while option2 is better in case2 as it may recover from failure earlier. Given the option2 brings no clear benefit over option1 and requires enhancements on specification, we propose RAN2 to select option1 as baseline:
Proposal 1: The counter PREAMBLE_TRANSMISSION_COUNTER is always increased by 1 when MAC indicates PHY to send a preamble, no matter the preamble transmission is actually performed or not in the PHY.

2.2 Extending the RAR window size
Licensed NR cell supports RAR window size configurations of {1, 2, 4, 8, 10, 20, 40, 80} slots with a maximum length of 10ms, where the length of the slot is determined by the RAR numerology as indicated in system information. During the RAN1#94 meeting, it was agreed to extend the maximum RAR window size for NR-U concerning the impact of LBT.
	· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure

· FFS: Value of maximum RAR window size


Though extending RAR window in NR-U will improve the RACH successful rate, if RAR window is extended too large, it will also enlarge the latency of random access. For instance, one UE has to monitor for a longer time until the end of the RAR window to decide the RACH RAR cannot be received and retry the preamble transmission. Hence, the balance of RACH successful rate and latency needs to be considered to select the value of maximum RAR window size. 
Observation 1： The balance of RACH successful rate and latency needs to be considered to select the value of maximum RAR window size.
In addition, another aspect related to the selection of the value of maximum RAR window size is the impacts on RA-RNTI formula [1]. Currently, the RA-RNTI associated with the PRACH occasion in which the Preamble is transmitted, is computed as:

RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id

where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < 80), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for NUL carrier, and 1 for SUL carrier).
In our understanding, the range of t_id needs to be extended if the maximum RAR window size is extended, e.g. 0 ≤ t_id < 80/160/ 240/320 for a maximum window length of 10/20/30/40ms. As a result, the maximum value of RA-RNTI is 17920/35840/53760/71680 for 10/20/30/40ms window respectively. Obviously, the 71680 is not a valid value for RNTI. It implies the longest RAR window can be supported by the current RA-RNTI formula is 30ms with only extending the range of t_id. To support RAR window longer than 30ms, new RA-RNTI formula needs to be introduced.
Observation 2: 30ms is the longest RAR window can be supported by the current RA-RNTI formula with only extending the range of t_id. 

Observation 3: To support RAR window longer than 30ms, new RA-RNTI formula needs to be introduced.
To avoid very long RACH latency and big impact on current RA-RNTI formula, we propose to extend the maximum RAR window size to 30ms, and the RAR window size configuration will be {1, 2, 4, 8, 10, 20, 30, 40, 60, 80, 120, 160, 240} slots.

Proposal 2: Extend the maximum RAR window size to 30ms, and the RAR window size configurations will be {1, 2, 4, 8, 10, 20, 30, 40, 60, 80, 120, 160, 240} slots.

If the proposal2 is agreed, the corresponding RA-RNTI formula can be enhanced as following:

RA-RNTI= 1 + s_id + 14 × (t_id + SFN mod N × 80) + 14 × 80 × N × f_id + 14 × 80 × N × 8 × ul_carrier_id
where N is the RAR window size used for Msg2 transmission (1 for normal case, and 3 for extended case). 
Proposal 3: The RA-RNTI formula is enhanced as following:

RA-RNTI= 1 + s_id + 14 × (t_id + SFN mod N × 80) + 14 × 80 × N × f_id + 14 × 80 × N × 8 × ul_carrier_id
where N is the RAR window size used for Msg2 transmission (1 for normal case, and 3 for extended case). 
2.3 Value of ra-ContentionResolutionTimer
In the RAN2#104 meeting, the following agreement has been reached for NR-U RACH:
	· RAN2 assumes that ra-ContentionResolutionTimer may need to be extended to overcome the LBT impact in NR-U. Detailed value should be studied during the WI.


Since MSG2 and MSG4 are transmitted by the same node and on the same BWP, we assume the two messages experence likely LBT failure rate while transmiting. Hence, we propose the maximum value of ra-ContentionResolutionTimer and RAR window size should be extended by the same multiple. 
Proposal 4: The maximum value of ra-ContentionResolutionTimer and RAR window size is extended by the same multiple. 

Given licensed NR cell supports ra-ContentionResolutionTimer configurations of {sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64}, we propose:

Proposal 5: Extend the maximum ra-ContentionResolutionTimer to 192sf, and the ra-ContentionResolutionTimer configurations will be { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64, sf96, sf128, sf160, sf192}.
3. Conclusion

In this paper, we discuss the open issues of RACH concerning the impact of LBT. And the proposals are following：
Proposal 1: The counter PREAMBLE_TRANSMISSION_COUNTER is always increased by 1 when MAC indicates PHY to send a preamble, no matter the preamble transmission is actually performed or not in the PHY.
Proposal 2: Extend the maximum RAR window size to 30ms, and the RAR window size configurations will be {1, 2, 4, 8, 10, 20, 30, 40, 60, 80, 120, 160, 240} slots.
Proposal 3: The RA-RNTI formula is enhanced as following:
RA-RNTI= 1 + s_id + 14 × (t_id + SFN mod N × 80) + 14 × 80 × N × f_id + 14 × 80 × N × 8 × ul_carrier_id
where N is the RAR window size used for Msg2 transmission (1 for normal case, and 3 for extended case). 
Proposal 4: The maximum value of ra-ContentionResolutionTimer and RAR window size is extended by the same multiple.
Proposal 5: Extend the maximum ra-ContentionResolutionTimer to 192sf, and the ra-ContentionResolutionTimer configurations will be { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64, sf96, sf128, sf160, sf192}.
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