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1 Introduction
In case of unlicensed spectrum, gNB needs to determine whether the channel is free or not for RAR transmission in ra-ResponseWindow. If channel is not free, gNB cannot transmit RAR. Failure to transmit RAR in ra-ResponseWindow would lead to random access preamble retransmission. The chances of obtaining a free channel can be increased by increasing the transmission opportunities for RAR transmission. The transmission opportunities can be increased in time domain by increasing the length of ra-ResponseWindow. In NR, the maximum length of ra-ResponseWindow is 10ms. 
During the RAN2 email discussion #50 there was consensus that RAR window size should be extended to improve robustness to DL LBT failure for RAR transmission. In RAN2 #105bis following agreement was made:
· RAN2 assumes the maximum RAR window size is extended to [20] ms.
In this contribution we discuss issues in supporting RAR window size greater than 10ms and solution for the same.
2 Discussion
In NR, after transmitting the Random Access preamble, MAC entity starts the ra-ResponseWindow at the first PDCCH occasion from the end of the Random Access Preamble transmission (see Figure 1). Random access response (RAR) is carried in PDSCH scheduled by PDCCH in CORESET configured in RACH Configuration. In the ra-ResponseWindow, UE monitors for PDCCH addressed to RA-RNTI, where RA-RNTI corresponding to transmitted random access preamble is determined as follows:
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 PRACH occasion (0 ≤ s_id < 14), 
· t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), 
· f_id is the index of the specified PRACH occasion 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).
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Figure 1
In NR RA-RNTI is unique within a radio frame. The ra-ResponseWindow larger than 10ms would lead to RA-RNTI ambiguity as shown in Figure 2. If PRACH is transmitted using same RA preamble in PRACH Occasion X and PRACH Occasion Y by  UE 1 and UE 2 respectively, RAR received in common slots between RAR window X and RAR window Y cannot be distinguished as RA-RNTI is same for PRACH Occasion X and PRACH Occasion Y.
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Figure 2

Approach 1: 

The abovementioned problem of RA-RNTI ambiguity can be resolved by including the information about the radio frame in which PRACH occasion starts in RA-RNTI calculation as shown below.
· RA-RNTI= 1 + s_id + 14*t_id + 14*80*f_id + 14*80*8*ul_carrier_id + 14*80*8*2*frame_id 
      where,

· frame_id = SFNprach modulo frame_id_max;
· frame_id_max = CIEL(RAR window size in radio frames);

· SFNprach is SFN of radio frame in which PRACH ocassion starts;

With this approach ra-ResponseWindow size of upto 30ms can be supported. 
Approach 2: 
In the RA-RNTI calculation, t_id range is 0 to 79. For SCS of 120 KHz, one radio frame has 80 slots and entire range of t_id is used. For SCS smaller than 120 KHz, some of the t_id values are unused. For example, for SCS of 60 KHz, there are 40 slots in radio frame and hence t_id from 40 to 79 is unused. Currently, the slots in each radio frame are sequentially indexed from zero. So we can consider indexing the slots (i.e. assigning t_id to slots) sequentially from zero across every 'N' radio frames where 'N' is the RAR window size.
In NR-U the maximum supported SCS for PRACH is 60KHz. With this approach ra-ResponseWindow size of upto 80ms, 40ms, 20ms can be supported for SCS of 15kHz, 30KHz and 60KHz respectively. Draft MAC and RRC CRs for the implementing this solution is provided in [1] and [2] respectively.
In a standalone NR-U cell deployment [3] where UL is licensed carrier and DL is unlicensed carrier, SCS for PRACH can be 120 KHz. In this scenario, extended RAR window cannot be supported using this approach.

Approach 3:

The information about the radio frame in which PRACH occasion starts can be included in RAR. Frame_id can be calculated as shown below and included in RAR. However this approach impacts the RAR MAC PDU format. With this approach ra-ResponseWindow of any size can be supported.
· frame_id = SFNprach modulo frame_id_max;
· frame_id_max = Maximum RAR window size in radio frames;

· SFNprach is SFN of radio frame in which PRACH ocassion starts;

Approach 4: 

The information about the radio frame in which PRACH occasion starts can be included in DCI scheduling RAR. Frame_id can be calculated as in approach 3 and included in DCI. However this approach impacts the DCI format which is not in scope of RAN2. With this approach ra-ResponseWindow of any size can be supported.
Approach 5: 
Multiple RAR search spaces can be configured. Each search space is associated with different Frame_id. Frame_id can be calculated as in approach 3. With this approach ra-ResponseWindow of any size can be supported. However this would require configuring several search spaces for RAR, feasibility of which needs to be further discussed in RAN1.
The various options are summarised in Table 1. If the maximum RAR window size supported is 20ms and maximum SCS supported is <=60KHz, approach 2 is the simplest option requiring minimum changes. If the maximum RAR window size supported is greater than 20ms or maximum SCS supported is > 60 KHZ, we propose to include frame_id in RAR.
Table 1
	
	Impact to RA-RNTI Calculation
	Maximum supported RAR Window Size
	Impact to RAR MAC PDU
	Impact to DCI

	Approach 1 (frame_id in RA-RNTI formula)
	Needs modification
	30ms
	None
	None

	Approach 2 (t_id numbering across radio frames)
	None
	SCS 15 KHZ: 80ms
SCS 30 KHZ: 40ms
SCS 60 KHZ: 20ms
SCS 120 KHZ: 10ms
	None
	None

	Approach 3 (frame_id in RAR)
	None
	Any size
	Yes
	None

	Approach 4 (frame_id in DCI)
	None
	Any size
	None
	Yes

	Approach 5 (frame_id linked with RAR search space)
	None
	Any size
	None
	None


Proposal : If the maximum RAR window size supported is 20ms and maximum SCS supported is <=60KHz for all NR-U deployment scenarios:

·    adopt approach 2 i.e. slots are indexed sequentially from zero in every 'N' system frames starting from system frame number zero, where 'N' is the ra-ResponseWindow size in radio frames; adopt draft CRs[3] and [4].
Else: include Frame_id in RAR MAC PDU, where
·  frame_id = SFNprach modulo (Maximum RAR window size in radio frames);

· SFNprach is SFN of radio frame in which PRACH ocassion starts;

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal : If the maximum RAR window size supported is 20ms and maximum SCS supported is <=60KHz for all NR-U deployment scenarios:

·    adopt approach 2 i.e. slots are indexed sequentially from zero in every 'N' system frames starting from system frame number zero, where 'N' is the ra-ResponseWindow size in radio frames; adopt draft CRs[3] and [4].
Else: include Frame_id in RAR MAC PDU, where
·  frame_id = SFNprach modulo (Maximum RAR window size in radio frames);

· SFNprach is SFN of radio frame in which PRACH ocassion starts;
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