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Introduction
In RAN1 #94 [1], the following agreement is reached:

	Agreement:
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


In this contribution, we will mainly discuss the impact of extending the RAR window size, and provide our views.
Discussion 
 In last RAN2 meeting, the agreement that RACH may be enhanced by additional opportunities was reached, e.g. time or frequency domain opportunities. For MAC RAR, if multiple time domain opportunities are considered, for example, when one LBT fails, gNB may attempt LBT in the next DL slot. However, up to 10ms RAR window in NR may be not enough to receive MAC RAR. Therefore, we think RAR window may be extended. 
Meanwhile, in RAN1 #94, the agreement that the maximum RAR window size to be extended beyond 10ms to increase robustness to DL LBT failure was reached. Though in some scenarios it is beneficial to extend RAR window, 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.  

Considering the 10ms length of SFN and random access latency, the following value for the maximum RAR window, such as 15ms, 20ms, may be considered. If the value of 15ms is used, the maximum RAR window size is up to 15 slots in case of a RAR numerology of 15kHz. For 30, 60, and 120kHz, 30, 60, 80, 120 slots may be included in the configuration of RAR window. In NR, RAR window size configurations of {1,2,4,8,10,20,40,80} is supported. For NR-U, except for these values, 15, 30, 60, and 120 need also to be included. In other words, when RAR window size is extended to 15ms, RAR window size configurations will be {1,2,4,8,10,15,20,30,40,60,80,120}. When RAR window is extended to 20ms, RAR window size configuration will be {1,2,4,8,10,20,40,80,120,160}.

Proposal 1:  If RAR window is extended, the value such as 15ms and 20ms may be considered.
In addition, when RAR window is extended, impacts on specification need to be considered. Besides the configuration of RAR window, RA-RNTI formula is also influenced. In the following, we mainly discuss the impacts 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 can not be guaranteed for RAR window. Taking RAR window extending of 15ms as example as followed in figure 1, there is an overlapping area for RAR window of UE1 and UE2. For UE1, it may receive RAR from the response for UE2.
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Figure 1 RAR window is extended to 15ms

Therefore, in order to guarantee 1-1 mapping due to RAR window extention, RA-RNTI formula needs to be modified. A possible modification is as follows.

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

Taking extending RAR window to two system frames as an example, in this formula, t_id will also be the index of the first slot of the specified PRACH in two system frames (0 ≤ t_id < two system frames * 8). And t_id_max will be the maximum value of RAR window, i.e. two system frames * 8. The range of f_id is the same as NR. In this way, collision caused by RAR window may be solved.

Proposal 2: When RAR window size is extended, the RA-RNTI formula needs to be modified.

Conclusion

In this contribution, we discussed the impacts of extending RAR window size in NR-U, and have made the following observations and proposal.

Proposal 1:  If RAR window is extended, the value such as 15ms and 20ms may be considered.

Proposal 2: When RAR window size is extended, the RA-RNTI formula needs to be modified.

Reference

Draft_RAN2#103_Report_v1, Gothenburg, Sweden, 20th - 24th Aug 2018.
R2-1811663 Random access procedure for NR-u.
R2-1812657 Four-step RACH procedure for NR-U.
Text Proposal

7.2.2.2.1
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In order to increase time domain opportunities for MAC RAR, RAR window should be extended. If RAR window is extended, the value such as 15ms and 20ms may be considered. In addition, some impacts on specification need also to be considered, such as RA-RNTI formula due to RAR window extension. 
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