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Introduction
At RAN2#104, the need to extend the RAR window length above 10 ms was discussed. This need is also agreed in the NR-U TR capturing the outcome of the SI [1] and stated as follows:
”For msg 2 transmission in the 4-step RACH procedure, in some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to inprove robustness to DL LBT failure for RAR transmission.“
The reason for allowing a longer length is to cope with the possibility of LBT failure leading to that the RAR cannot be transmitted within the currently available maximum RAR window length in NR.
In this paper, we discuss the issues and propose a corresponding solution.
[bookmark: _Ref525831656]Discussion
Longer RAR window
In [2] the need for a longer RAR window for NR-U is discussed. The RAR transmission in unlicensed spectrum is subject to LBT and if the LBT fails the gNB will not be allowed to transmit. A way to increase the probability of successful transmission of the RAR message is to increase the number of transmission opportunities by using a longer RAR window. Hence, it may be beneficial to increase the RAR window length beyond the maximum RAR window length of 10 ms which is used in NR in order to increase the probability of successful RAR transmission in the presence of LBT failures. 
1. [bookmark: _Toc525731470][bookmark: _Toc525734086][bookmark: _Toc525735629][bookmark: _Toc525831630][bookmark: _Toc525831678][bookmark: _Toc525831712][bookmark: _Toc525831759][bookmark: _Toc528676271][bookmark: _Toc528676406][bookmark: _Toc528676483][bookmark: _Toc528676521][bookmark: _Toc528750682][bookmark: _Toc528881539][bookmark: _Toc535399811][bookmark: _Toc1049524][bookmark: _Toc1049662][bookmark: _Toc1049677][bookmark: _Toc1075932]Increasing the maximum RAR window length will increase the probability of successful RAR transmission for NR-U.
A limiting factor of the maximum RAR window length is the way the RA-RNTI is computed. In NR, it 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 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).
It should be noted that the RA-RNTI is only unique per radio frame. Hence, if the maximum allowed RAR window is larger than 10 ms, it may happen that two different PRACH occasions obtain the same RA-RNTI. In this case the UE cannot be sure if the received RAR corresponds to a response to preambles transmitted in the PRACH occasion the UE used or to some other PRACH occasion.
1. [bookmark: _Toc535399812][bookmark: _Toc1049525][bookmark: _Toc1049663][bookmark: _Toc1049678][bookmark: _Toc1075933]The current formula for RA-RNTI cannot distinguish PRACH occasions if the RAR window length exceeds 10ms, which seen important in the context of NR-U to overcome possible LBT failures during random access.
As proposed in [2][1], one possibility to achieve an unambiguous RA-RNTI formula for longer RAR windows than 10ms is to introduce a new term “frame_id” which uses the modulus operation to distinguish e.g. even or odd SFNs. A drawback with this approach is that the RA-RNTI space (i.e. the possible RA-RNTI values) will increase by a factor two (if the RA-RNTI formula supports a maximum RAR window length of 20 ms). A large RA-RNTI space will increase the decoding effort in the UE and increase the miss-detection probability of the RAR. It is therefore beneficial if the RA-RNTI formula can keep the current RA-RNTI space while still being able to identify the SFN and thereby be unambiguous for RAR windows exceeding 10 ms.
1. [bookmark: _Toc535399813][bookmark: _Toc1049526][bookmark: _Toc1049664][bookmark: _Toc1049679][bookmark: _Toc1075934]If the RA-RNTI space is increased, it will lead to increase the decoding effort and miss-detection probability of the RA-RNTI.
An alternative way to interpret the current RA-RNTI formula can be defined by noting that many of the t_id values are unused for SCS less than 120 kHz. In case of a SCS of 120 kHz, there are 80 slots per radio frame and all t_id values (0 to 79) are needed to identify the slot where the PRACH is transmitted. However, for a SCS of 60 kHz, only the t_id values of 0 to 39 are used and for a SCS of 30 kHz, only 0 to 19 are used. As has been agreed for NR-U, the maximum SCS is 60 kHz implying that at least half of the t_id values will be unused. 
1. [bookmark: _Toc535399814][bookmark: _Toc1049527][bookmark: _Toc1049665][bookmark: _Toc1049680][bookmark: _Toc1075935]For NR-U, at least half of the possible t_id values in the RA-RNTI formula will be unused.
This implies that the unused values can be used to identify the SFN of the preamble transmission and thereby allow a longer maximum RAR window. In this case, the t_id is used to identify both the slot and the SFN.  For example, if the preamble is transmitted in an even SFN, the t_id values 0 to 39 are used as in NR, while if the preamble is transmitted in an odd SFN, the t_id values 40 to 79 are used. In this case the t_id=40 would refer to the first slot in an odd SFN, t_id=41 would refer to the second slot in an odd SFN and so on. This approach would enable prolonging the RAR window to 20 ms without ambiguities regarding in which SFN the preamble was transmitted.
1. [bookmark: _Toc525731480][bookmark: _Toc525734546][bookmark: _Toc525735634][bookmark: _Toc525807647][bookmark: _Toc525831487][bookmark: _Toc525831635][bookmark: _Toc525831683][bookmark: _Toc525831717][bookmark: _Toc525831764][bookmark: _Toc528237634][bookmark: _Toc528237901][bookmark: _Toc528238424][bookmark: _Toc528241260][bookmark: _Toc528676274][bookmark: _Toc528676478][bookmark: _Toc528676486][bookmark: _Toc528676524][bookmark: _Toc528750685][bookmark: _Toc528881542][bookmark: _Toc535399816][bookmark: _Toc536521552][bookmark: _Toc1049528][bookmark: _Toc1049666][bookmark: _Toc1049681][bookmark: _Toc1075936]For a preamble transmitted in an even SFN, the t_id values 0 to 39 are used to indicate slot. For a preamble transmitted in an odd SFN, the t_id values 40 to 79 are used to indicate slot.
The benefit of this approach is to keep the current formula of the RA-RNTI and thereby keeping the same RA-RNTI space and thereby avoid increasing the miss-detection probability of the RAR transmission.
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In section 2 we made the following observations:
Observation 1	Increasing the maximum RAR window length will increase the probability of successful RAR transmission for NR-U.
Observation 2	The current formula for RA-RNTI cannot distinguish PRACH occasions if the RAR window length exceeds 10ms, which seen important in the context of NR-U to overcome possible LBT failures during random access.
Observation 3	If the RA-RNTI space is increased, it will lead to increase the decoding effort and miss-detection probability of the RA-RNTI.
Observation 4	For NR-U, at least half of the possible t_id values in the RA-RNTI formula will be unused.

Based on the discussion in section 2 we propose the following:
Proposal 1	For a preamble transmitted in an even SFN, the t_id values 0 to 39 are used to indicate slot. For a preamble transmitted in an odd SFN, the t_id values 40 to 79 are used to indicate slot.
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