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1. Introduction
In the RAN2#105bis meeting, the NR-U RACH procedure was discussed. The agreement on maximum RAR window size is following:

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


However, some companies still have concerns on whether the 20ms RAR window is enough to overcome the possible LBT failures during random access. As a result, the design of RA-RNTI calculation solution, which is highly dependent on the maximum RAR window size, was not discussed yet. 

Several RA-RNTI calculation solutions were proposed [1] ~ [9]. To assist and facilitate possible future down selection, we analyse these solutions and give our observations and proposal in this paper.

2. Discussion
2.1 Limitation of the current RA-RNTI calculation formula
In NR, the RA-RNTI is computed as follows [10]:

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 PRACH occasion in the frequency domain (0 ≤ f_id < 8), and 
· ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).
The current RA-RNTI formula can only ensure that the RA-RNTI is unique within a RAR window which is not longer than 10ms. For RAR window larger than 10 ms, it may happen that two different PRACH occasions corresponding to the same RA-RNTI. As a result, the UE cannot discern whether the received RAR is the response to its preamble transmission.  
Observation 1: The current RA-RNTI calculation formula would lead to RA-RNTI ambiguity (i.e. the same RA-RNTI is mapped to different ROs with overlapping RAR windows) when the RAR window is longer than 10 ms. 
2.2 Enhancements to current RA-RNTI calculation
To handle the issue identified in observation 1, the following candidate solutions were proposed.
· Solution 1: take SFN index into account to distinguish between the even and odd SFN in the RA-RNTI calculation [1][2]
The current RA-RNTI formula is designed to support up to 120kHz SCS. In case of a SCS of 120 kHz, there are 80 slots per radio frame and all t_id values (0 to 79) are used to identify the slot where the preamble transmission is performed. For a SCS of 60 kHz, only the t_id values of 0 to 39 are used. It has been agreed that for NR-U the maximum SCS is 60 kHz, which implies that at least half of the t_id(i.e. 40~79) values will not be used if the PRACH occasions are only configured on unlicensed spectrum according to the current RA-RNTI formula. 
Hence, it is proposed to limit the usable range of t_id in current RA-RNTI formula to support up to 20ms maximum RAR window, e.g:

Option1: reuse the legacy formula with t_id values 0 to 39 are used for RO in an even SFN, t_id values 40 to 79 are used for RO in an odd SFN[1], or
Option2: enhance the legacy formula with take SFN_id into account to distinguish between the even and odd SFN in the RA-RNTI calculation formula [2].
· Solution 2: Different RAR window is applied to different SCS[3]
In the current RA-RNTI calculation, the slots in each radio frame are sequentially indexed from zero. It is proposed to index the slots sequentially from zero across every 'N' radio frames where 'N' is the RAR window size[3]. With this approach RAR Window size of up to 80ms, 40ms, 20ms can be supported for SCS of 15kHz, 30KHz and 60KHz respectively.
· Solution 3: introduce frame_id in the RA-RNTI calculation[4]

Another solution is to introduce a new parameter “frame_id” to the legacy RA-RNTI calculation formula, which uses the modulus operation to distinguish consecutive SFNs. With this method, each RO is identified with unambiguous RA-RNTI in the corresponding RAR window. The enhancement to the current formula (highlighted in yellow) is the following:
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 = CEIL(RAR window size in radio frames);

· SFNprach is SFN of radio frame in which PRACH occasion starts;
· Solution 4: Extend value range of t_id in the RA-RNTI calculation [5] 
The fourth solution is to extend the value range of t_id and make the t_id to uniquely identify a slot in a time window longer than 10ms. The enhancement to the current formula (highlighted in yellow) is the following:
RA-RNTI= 1 + s_id + 14×t_id + 14×80×frame_id_max×f_id + 14×80×frame_id_max×8×ul_carrier_id
      where, 

· frame_id_max = CEIL(RAR window size in radio frames);

· t_id is the index of the first slot of the PRACH occasion in a time window, which starts at the slot#0 in a  radio frame for which SFN mod frame_id_max = 0; the length of the time window is frame_id_max radio frames (0 ≤ t_id < 80×frame_id_max)
· Solution 5: indicates SFN of RO in RAR or DCI [6]~[9]
This solution leaves the current RA-RNTI formula untouched. But, to overcome the ambiguity of one RA-RNTI mapped to multiple ROs in different SFN, an indication is introduced in RAR or DCI.  The indication indicates the SFN index(e.g. the LSBs of SFN) of the RO which the RAR responses correspond to. 
2.3 Comparison of candidate solutions
· Scenarios supported

According the NR-U WID [11], five target scenarios are listed as following:

	This work item is aimed at supporting the following scenarios: 

· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 

· NR-U SCell may have both DL and UL, or DL-only.

· In this scenario, NR PCell is connected to 5G-CN.

· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 

· Scenario C: Stand-alone NR-U

· In this scenario, NR-U is connected to 5G-CN.

· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).

· In this scenario, NR-U is connected to 5G-CN.

· Scenario E: Dual connectivity between licensed band NR and NR-U. 

· In this scenario, PCell is connected to 5G-CN.


It is noticeable that 120kHz SCS may be used for RO configured on licensed UL band in Scenario D. Hence, solution 1 and 2, which cannot support 120kHz SCS RO, cannot support Scenario D, while other solutions can support all five scenarios. 
Observation 2: Solution 1 and 2 cannot support scenario D (i.e. a stand-alone NR cell in unlicensed band and UL in licensed band). Other solutions can support all the scenarios. 
· RA-RNTI Space

Solution 3 and 4 increase the RA-RNTI space (i.e. the possible RA-RNTI values) by a factor of frame_id_max (i.e. the maximum RAR window length is frame_id_max radio frames), while solution 1, 2 and 5 do not increase the RA-RNTI space. 
One concern is that the increased RA-RNTI space will increase the decoding effort in the UE. In our understanding, each UE only needs to monitor one RA-RNTI corresponding to the RO on which it performs the preamble transmission for all 4 solutions.  Hence, increased RA-RNTI space will not increase the decoding effort in the UE. Another concern is that the increased RA-RNTI space will exhaust the RNTIs and may result to RNTI shortage for other usage, e.g. C-RNTI. In our view, it is not likely that the network configures 14×80×8 ROs in one radio frame. Hence, in the space for potential RA-RNTI, there are a lot of unused RNTIs that can still be used for other purposes. 
Observation 3: Solution 3 and 4 increase the RA-RNTI space by a factor of frame_id_max, while solution 1, 2 and 5 have no impact to current RA-RNTI space. However, the increased RA-RNTI space will not lead to RNTI shortage, since there are a lot of RNTIs in the RA-RNTI space that are not used as RA-RNTI and can be used for other purposes.
· Maximum RAR window supported

Obviously, the maximum RAR window size that can be supported by solution 1 and 2 are 20ms for SCS of 60kHz. The maximum RA-RNTI calculated according to solution 3 is 17920/35840/53760/71680 when the frame_id_max is set as 1/2/3/4. Obviously, 71680 is not a valid value for RNTI. It implies the longest RAR window that can be supported by solution 3 is 30ms. For the same reason, the longest RAR window that can be supported by solution 4 is 30ms. Solution 5 can increase the RAR window size without increasing RA-RNTI space. Hence, in principle, there is no upper boundary of maximum RAR window supported by solution 5. 
Observation 4: For solution 1/2/3/4/5, the maximum RAR window size that can be supported is 20ms(for SCS of 60kHz)/20ms(for SCS of 60kHz)/30ms/30ms/infinity. 

· Specification impact

Solution1/2/3/4 require enhancements on the current RA-RNTI formula. Solution 1/2 only needs to limit the t_id value range. The standardization efforts required by solution 3/4 are similar. Solution 5 requires enhancement on RAR or DCI format. In our understanding, among all 5 solutions, solution 1/2 would require minor standardization effort, while solution 4 leads to major standardization effort.
Observation 5: Among all 5 solutions, solution 1/2 would require minor standardization effort, while solution 5 leads to major standardization effort. The standardization efforts required by solution 3/4 are medium.

· Summary

The above observations of the comparison are summary in the following table:

Table 1 Summary of the comparison

	
	Scenarios supported
	RA-RNTI Space
	Maximum RAR window supported
	Specification impact

	Solution1: take SFN index into account to distinguish between the even and odd SFN in the RA-RNTI calculation
	All scenarios except scenario D(i.e. a stand-alone NR cell in unlicensed band and UL in licensed band)
	No impact
	20ms
	minor

	Solution2: Different RAR window is applied to different SCS
	All scenarios except scenario D(i.e. a stand-alone NR cell in unlicensed band and UL in licensed band)
	No impact
	SCS 15 KHZ: 80ms
SCS 30 KHZ: 40ms
SCS 60 KHZ: 20ms
	minor

	Solution3: introduce frame_id in the RA-RNTI calculation
	All scenarios
	the RA-RNTI space is increased, but no problem caused by increased RA-RNTI space is identified
	30ms
	medium

	Solution 4: Extend value range of t_id in the RA-RNTI calculation
	All scenarios
	the RA-RNTI space is increased, but no problem caused by increased RA-RNTI space is identified
	30ms
	medium

	Solution 5: indicates SFN of RO in RAR or DCI
	All scenarios
	No impact
	infinity
	major


In our understanding, a common enhancement solution for RA-RNTI calculation should be applied to all targeted scenarios. Hence, solution 3/4/5 can be considered. To avoid major standardization effort, if the maximum RAR window size is no longer than 30ms, soluiton3/4 are preferred. Hence,
Proposal 1: If the maximum RAR window size is not larger than 30ms, solution3 and 4 (i.e. increase the RA-RNTI space by a factor frame_id_max) are preferred. Otherwise, solution 5 (i.e. indicates SFN of RO in RAR or DCI) is preferred. 
3. Conclusion

In this paper, we discuss the candidate solutions for RA-RNTI calculation to enable RAR window extension. And the observations and proposal are following：
Observation 1: The current RA-RNTI calculation formula would lead to RA-RNTI ambiguity (i.e. the same RA-RNTI is mapped to different ROs with overlapping RAR windows) when the RAR window is longer than 10 ms. 
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Observation 2: Solution 1 and 2 cannot support scenario D (i.e. a stand-alone NR cell in unlicensed band and UL in licensed band). Other solutions can support all the scenarios.

Observation 3: Solution 3 and 4 increase the RA-RNTI space by a factor of frame_id_max, while solution 1, 2 and 5 have no impact to current RA-RNTI space. However, the increased RA-RNTI space will not lead to RNTI shortage, since there are a lot of RNTIs in the RA-RNTI space that are not used as RA-RNTI
Observation 4: For solution 1/2/3/4/5, the maximum RAR window size that can be supported is 20ms(for SCS of 60kHz)/20ms(for SCS of 60kHz)/30ms/30ms/infinity.
Observation 5: Among all 5 solutions, solution 1/2 would require minor standardization effort, while solution 5 leads to major standardization effort. The standardization efforts required by solution 3/4 are medium.
Proposal 1: If the maximum RAR window size is not larger than 30ms, solution3 and 4 (i.e. increase the RA-RNTI space by a factor frame_id_max) are preferred. Otherwise, solution 5 (i.e. indicates SFN of RO in RAR or DCI) is preferred.
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