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1   Introduction
In RAN2 #105bis [1], the following agreement was reached:

	· R2 assumes the maximum RAR window size is extended to [20] ms

· Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS


According to the agreements above, whether the maximum RAR window is extend to 20 ms is not concluded. In addition, when LBT fails for Msg3 transmission, whether the ra-ContentionResolutionTimer is started/restarted is FFS. In this contribution, we will mainly discuss these aspects, and provide our views.

2   Discussion 
2.1 RAR window
In order to provide multiple time opportunities for MAC RAR, up to 10ms RAR window in NR may be not enough to receive MAC RAR. Hence, RAR window should be extended. However, if RAR window is extended too large, it will also impact random access latency. For example, when MAC RAR cannot be transmitted due to either LBT failure or poor channel condition, UE will have to wait for a longer time until RAR window expires.  Therefore, considering random access latency and the 10ms length of SFN, we think the RAR window size of around 40 ms is suitable. Given that 40 ms constitutes 4xMCOT of 10ms, the gNB will have enough opportunity to send RAR (i.e. up to 3 other nodes can acquire the channel before the gNB and still the RACH procedure can succeed). 

If the value of 40ms is used, the maximum RAR window size is up to 40 slots in case of RAR numerology of 15 kHz. For 30, 60, 120 kHz, 80, 160, 320 slots need to be included in the configuration of RAR window. In addition, RAR window size of 20ms and 30ms should also be included. For RAR window size of 20ms, 20, 40, 80, 160 slots are needed. For RAR window size of 30ms, 30, 60, 120, 240 slots are needed. In NR, RAR window size configurations of {1, 2, 4, 8, 10, 20, 40, 80} is supported. For NR-U, except for these values, 30, 60, 120 160 240 320 slots may also be needed. Hence, when RAR window size is extended to 40ms, RAR window size configuration will be {1, 2, 4, 8, 10, 20, 30, 40, 60, 80, 120, 160, 240, 320}.

Proposal 1:  If RAR window is extended, the maximum value of 40ms may be considered.

Proposal 2: If RAR window is extended to 40 ms, the configuration of {1, 2, 4, 8, 10, 20, 30, 40, 60, 80, 120, 160, 240, 320} may be used.
In addition, when RAR window is extended, some issues need to be considered, such as the impact on RA-RNTI formula.
In NR, the RA-RNTI associated with the PRACH in which the Random Access 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).
When RAR window is extended, and t_id in RA-RNTI formula is still the index of the first of slot of specified PRACH in a radio frame, then there may be an overlapping area for RA-RNTI, i.e. 1-1 mapping cannot be guaranteed for RAR window. Taking RAR window expansion of 20ms as an example, there is an overlapping area for RAR window of UE1 and UE2 as in figure 1. For UE1, it may receive RAR from the random access response for UE2. Then it means that the collision probability increases.
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Figure 1 RAR window is extended to 20ms

Observation 1: When RAR window size is extended, the collision probability will increase.

In order to resolve this collision issue, a possible scheme is that some additional distinguishing information may be indicated to UE in the RAR message. This information could for instance be the SFN of transmitting preamble, which may be included in MAC RAR or DCI. When SFN of transmitted preamble is included in DCI/RAR, UE monitors the PDCCH for the Random Access Response identified by RA-RNTI. Once MAC RAR is received, if SFN in DCI/RAR matches with SFN of transmitting preamble and the preamble in MAC RAR matches with the preamble transmitted, RAR reception is considered to be successful.

For example, as in figure 1, UE1 transmits the preamble in SFN N. When gNB transmits the corresponding MAC RAR, the SFN N should be included in the DCI. For UE2, it transmits preamble in SFN N+1. When gNB transmits the corresponding MAC RAR, the SFN N+1 should be included in DCI. It is possible that both UE1 and UE2 transmits MAC RAR in the overlapping area. Although they transmit the MAC RAR in this area, since SFN is included in the DCI, the collision issue is resolved. 

As we know, the bit number of SFN is 10 bits, if it is included in DCI, 10 bits will be needed. However, there is no need to include the complete SFN. Depending on the how many SFNs overlap (i.e. depending on the RAR window length) just a few of the LSBs may be sufficient to solve this issue. For expansion up to 40 ms, just including the 2 LSBs may be sufficient. 
Proposal 3: In order to resolve the ambiguity of received RAR due to overlapping RAR windows as a result of RAR window expansion; SFN of the transmitted preamble may be included in MAC RAR or DCI.  For example, a few of the LSBs of SFN may be included for this purpose.

2.2 Contention resolution timer
When Msg3 transmission is blocked due to LBT failure, whether contention resolution timer is started needs to be further discussed. In RAN2 #95bis [1], the following two options are raised:

Option a: the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission.

Option b: ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail.

At first, it is noted that the network behavior does not change on both cases, i.e. the network does not know if Msg3 has been dropped due to LBT failure or RAR reception fails. Hence for these two cases, the network will send retransmission grant to UE. Then for option a, when the timer is started, UE may wait for Msg3 retransmission grant. 
In addition, when channel occupancy is low, the probability of LBT success is high. In this case, from the perspective of random access latency, option a is lower compared to option b. when channel occupancy is very high, the probability of LBT success is very low. For this case, the mechanism of UL LBT failure may repeatedly fail and the UE may switch to other frequency eventually. In any case, optimizing the system for such high channel occupancy case is not ideal. 

Therefore, based on the analysis above, we do not see the need for changing the UE behavior based on LBT outcome, so option a is suitable, i.e. UE should start the timer regardless of LBT outcome of Msg3 transmission.

Proposal 4: Contention resolution timer should be started regardless of LBT outcome of Msg3 transmission.
3   Conclusion

In this contribution, we discussed 4-step RACH in NR-U, and have made the following observations and proposal.

Proposal 1:  If RAR window is extended, the maximum value of 40ms may be considered.

Proposal 2: If RAR window is extended to 40 ms, the configuration of {1, 2, 4, 8, 10, 20, 30, 40, 60, 80, 120, 160, 240, 320} may be used.

Observation 1: When RAR window size is extended, the collision probability will increase.

Proposal 3: In order to resolve the ambiguity of received RAR due to overlapping RAR windows as a result of RAR window expansion; SFN of the transmitted preamble may be included in MAC RAR or DCI.  For example, a few of the LSBs of SFN may be included for this purpose.

Proposal 4: Contention resolution timer should be started regardless of LBT outcome of Msg3 transmission.
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