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Introduction
[bookmark: _Ref525832169]The need to extend the RAR window length above 10 ms for NR-U was agreed in the NR-U TR capturing the outcome of the SI [1] and was 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 improve 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 RAN2#105bis RAN2 made the assumption that the RAR window size is extended to [20] ms. In this paper, we discuss the issues and propose a corresponding solution.
Discussion
1.1 Longer RAR window
In [1] 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. 
[bookmark: _Toc16785219][bookmark: _Toc16785342][bookmark: _Toc16785411][bookmark: _Toc16792567][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][bookmark: _Toc4507787][bookmark: _Toc7736470][bookmark: _Toc16804933]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.
[bookmark: _Toc16785343][bookmark: _Toc16785412][bookmark: _Toc16792568][bookmark: _Toc16804934]The current formula for RA-RNTI cannot distinguish PRACH occasions if the RAR window length exceeds 10ms.

As proposed in [2] and [3], 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.
[bookmark: _Toc535399813][bookmark: _Toc1049526][bookmark: _Toc1049664][bookmark: _Toc1049679][bookmark: _Toc1075934][bookmark: _Toc4507789][bookmark: _Toc7736472][bookmark: _Toc16537558][bookmark: _Toc16580584][bookmark: _Toc16785143][bookmark: _Toc16785220][bookmark: _Toc16785344][bookmark: _Toc16785413][bookmark: _Toc16792569][bookmark: _Toc16804935]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 is to define the current RA-RNTI formula differently. This can be defined by noting that many of the t_id values are unused for SCS less than 120 kHzFor 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. This approach will depend on the fact that all SCS for PRACH in NR-U are not allowed in Rel. 16. However, relying on this will make this option sensitive for changes of allowed SCS in future releases and we do not think solutions along these lines are preferable.
Another option to allow longer RAR window without increasing the RA-RNTI space is to change the RAR format or indicate this in the DCI as proposed in [4] or [5]. Changes in DCI will require RAN1 involvement and should not be needed for this which is pure RAN2 issue.
Instead we belive that a preferable solution can be changing the RAR format. This would enable to include the SFN which together with the RA-RNTI allows use of longer RAR windows. Furthermore, this new format could be used also by the 2-step Random Access procedure which also would benefit from a longer msgB window (the equivalence of RAR window in 2-step) and allow inclusion of additional information useful for both NR-U and 2-step. 
New subheader for RAR in NR-U and for 2-step RA
Both 2-step and NR-U will require longer RAR or msgB windows and this could be achieved by indicating the SFN, or the least significant bits of the SFN, where the preamble was transmitted in the RAR. The RA-RNTI in combination with the SFN (or LSB SFN bits) would then indicate the RO. For 2-step, the length of the new msgB/RAR may be variable so the length would be useful to have in the RAR subheader. For NR-U, proposals to indicate COT sharing information in the RAR grant are discussed in [6]. An alternative would be to put this information in the RAR subheader. Hence, SFN, RAR length and COT sharing information would all be useful to have in a new RAR subheader for NR-U. 
[bookmark: _Toc13060992][bookmark: _Toc13651192][bookmark: _Toc13661423][bookmark: _Toc15906422][bookmark: _Toc16537559][bookmark: _Toc16580585][bookmark: _Toc16785144][bookmark: _Toc16785221][bookmark: _Toc16785345][bookmark: _Toc16785414][bookmark: _Toc16792570][bookmark: _Toc16804936]SFN, RAR length and COT sharing information would all be useful to have in a new RAR subheader.

To avoid unnecessary processing the legacy UEs should also be prevented from parsing the new RARs. This can be achieved by coding the legacy E/T/R/R/BI mac subheader in a way that would make legacy UEs to stop parsing and ignore the back off. 
The need for new length of the RAR window may vary depending on factors such as deployment and implementation. It should therefore be configurable by the network for flexibility. 
[bookmark: _Toc7467416][bookmark: _Toc7504947][bookmark: _Toc7504973][bookmark: _Toc7505002][bookmark: _Toc7505045][bookmark: _Toc7603683][bookmark: _Toc13060993][bookmark: _Toc13651185][bookmark: _Toc13661425][bookmark: _Toc15904839][bookmark: _Toc15906424][bookmark: _Toc15906669][bookmark: _Toc15908427][bookmark: _Toc16537562][bookmark: _Toc16580588][bookmark: _Toc16785457][bookmark: _Toc16792572][bookmark: _Toc16794849][bookmark: _Toc16804929]The length of the RAR window for NR-U is configurable.

Preventing legacy from parsing new RAR formats
If the RA-RNTI is used for both 2-step and legacy 4-step, a mechanism is needed to prevent legacy 4-step UEs from parsing the new RAR formats and 2-step msgBs. This can be achieved by coding the legacy back off subheader in a way that will make the legacy UEs to stop parsing the message. The coding used in Figure 2 will achieve this.

[image: ]
[bookmark: _Ref7465354]Figure 2 Illustration of subheader based on legacy E/T/R/R/BI subheader to stop legacy and indicate msgB.
The coding will make the legacy UEs to act as follows:
· E=0 makes legacy think padding follows this subheader
· T=0 indicates format for back off subheader.
· U=1 (R=1 for legacy) Ignored by legacy.
· U=1 takes the role of E bit for new UEs, i.e. Sub PDU follows. 
· Use one of two reserved values for BI to indicate backoff = 0. Legacy will interpret this as Back off = 0. Any other BI value may also be used given that the U=1 is set. 
Therefore, the legacy UEs will not try to parse new RARs for NR-U or msgB for 2-step UEs. 
[bookmark: _Toc13661424][bookmark: _Toc15906423][bookmark: _Toc16537560][bookmark: _Toc16580586][bookmark: _Toc16785145][bookmark: _Toc16785222][bookmark: _Toc16785346][bookmark: _Toc16785415][bookmark: _Toc16792571][bookmark: _Toc16804937]The legacy E/T/R/R/BI subheader can be coded to prevent legacy UEs to parse beyond the first subheader.


 We give the following proposal.
[bookmark: _Toc13661428][bookmark: _Toc15904841][bookmark: _Toc15906426][bookmark: _Toc15906671][bookmark: _Toc15908428][bookmark: _Toc16537563][bookmark: _Toc16580589][bookmark: _Toc16785458][bookmark: _Toc16792573][bookmark: _Toc16794850][bookmark: _Toc16804930]Adopt the coding of the E/T/R/R/BI subheader to prevent legacy UEs to parse beyond the subheader and use it as identifier of NR-U RAR or msgB
Subheader for msgB or NR-U RAR
To enable the 2-step or NR-U UEs to identify the new RAR the following subheader is used for the NR-U RAR.
[image: ]
Figure 3 Subheader for NR-U RAR or 2-step msgB with RAPID
The 2-step UEs will interpret the fields as follows:
· SFN field contains e.g mod(SFN,4) which makes it able to indicate 4 different SFNs which gives a maximum length for msgB/RAR window of 40ms.
· SFN together with RAPID in subheader determines the RO where the preamble was transmitted, i.e. which UE(s) should parse the RAR
· SFN shall be the same for all RARs (i.e. we do not expect to reply to preambles transmitted in different SFNs in the same message)
· 2-step 
· treated as R bits and ignored by NR-U
· indicate which RAR format this is (fallback RAR/SuccessRAR). 
· NR-U
· Could be e.g. LBT type for 4-step
· Also applicable for 2-step in case of fallback to 4-step.
· F=0 indicates no length field present. Used for NR-U. 2-step may use a length field.
· X indicates if last byte contains RAPID or back off (X=0 RAPID, X=1 back off).

[bookmark: _Toc13661429][bookmark: _Toc15904842][bookmark: _Toc15906427][bookmark: _Toc15906672][bookmark: _Toc15908429][bookmark: _Toc16537564][bookmark: _Toc16580590][bookmark: _Toc16785459][bookmark: _Toc16792574][bookmark: _Toc16794851][bookmark: _Toc16804931]Adopt the subheader for msgB and NR-U RAR as shown in Figure 3.

Subheader for Back off
Back off can be signalled for 2-step UEs by using the subheader for SFN/2-step/NR-U/F/X combined with the legacy E/R/R/R/BI subheader as illustrated in Figure 4.
[image: ]
[bookmark: _Ref13656920]Figure 4 Subheader for 2-step RAR with back off
The fields in the first byte are as described in the above section for NR-U RAR or msgB subheader. As mentioned above, the X bit could instead be an R bit and the format of the last byte could be indicated by a T bit in the second byte (as in legacy back off).
The fields in the last byte are
· E bit to indicate if another subheader and RAR follows
· R bits. Set to zero.
· New BI indicates back off for NR-U or 2-step UEs. A similar table as Table 7.2-1 in 38.321.
The R bits could further be used to indicate more detailed back off for 4-step NR-U or 2-step.

[bookmark: _Toc13661430][bookmark: _Toc15904843][bookmark: _Toc15906428][bookmark: _Toc15906673][bookmark: _Toc15908430][bookmark: _Toc16537565][bookmark: _Toc16580591][bookmark: _Toc16785460][bookmark: _Toc16792575][bookmark: _Toc16794852][bookmark: _Toc16804932]Adopt the subheader for back off of 2-step UEs as shown in Figure 4.
[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
In section 2 we made the following observations:
[bookmark: _GoBack]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.
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	SFN, RAR length and COT sharing information would all be useful to have in a new RAR subheader.
Observation 5	The legacy E/T/R/R/BI subheader can be coded to prevent legacy UEs to parse beyond the first subheader.

Based on the discussion in section 2 we propose the following:
Proposal 1	The length of the RAR window for NR-U is configurable.
Proposal 2	Adopt the coding of the E/T/R/R/BI subheader to prevent legacy UEs to parse beyond the subheader and use it as identifier of NR-U RAR or msgB
Proposal 3	Adopt the subheader for msgB and NR-U RAR as shown in Figure 3.
Proposal 4	Adopt the subheader for back off of 2-step UEs as shown in Figure 4.
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