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1 Introduction
The following agreements have been achieved in previous RAN1 and RAN2 meetings for NR-U [1][2][3]:
	RAN1#97 meeting:
Agreement:
LBT category for msg 3 initial transmission is provided to the UE in RAR
RAN2#105bis meeting:
Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS
RAN2#107 meeting:
Will support extension of RAR window without modifying RA-RNTI. 
Include LSBs of SFN in MSG2




Because of the agreements above, some changes to the Rel-15 RAR format are necessary for NR-U. In this contribution, we provide some proposals for the new NR-U RAR design.
2 Discussion
2.1 Indicating SFN LSBs in RAR
In Rel-15, the maximum value of the RAR-window is limited to 10ms, i.e. one system frame [4]. Because the RA-RNTI calculation uses the index of the first slot of the PRACH occasion in a system frame (t_id) and the index of the first OFDM symbol of the PRACH occasion (s_id) as input parameters, RA-RNTI can uniquely identify a PRACH occasion in time domain up to within one system frame. When the UE detects a RAR addressed to a certain RA-RNTI, it can determine the PRACH occasion that the RAR is transmitted for.
For NR-U, it has been agreed that 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 [6]. When the RAR window is greater than 10 ms, the existing RA-RNTI cannot be used to uniquely identify a PRACH occasion within a system frame. This is illustrated in Figure 1 below.
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[bookmark: _Ref20396565]Figure 1 Impact of extending RAR-window beyond 10ms

To resolve this issue, it has been agreed to include a few LSBs of the system frame number (SFN) of the PRACH occasion in the RAR message (Msg2) [3].
As one option, separate SFN info (consisting of SFN LSBs) could be indicated for each subPDU within the RAR MAC PDU. Each subPDU within one MAC PDU could have its own SFN info. SFN info could be included within the MAC subheader or within the payload. This would enable the network to multiplex RARs for different SFNs in one MAC PDU. However, this option will cause an additional overhead of one [SFN info size] (i.e. the number of LSBs) per subPDU. For example, if RAR-window is extended up to 40 ms, 2 bits are needed per subPDU; if it is extended up to 80 ms, 3 bits are needed, and so on. If the number of subPDUs multiplexed in the MAC PDU is large, the overhead can be significant. For example, with 40 ms (2 bits), if the number of subPDUs is greater than 4, more than 1 octet overhead will be needed per MAC PDU. Additionally, it will have a large specification impact: new subheader and/or payload formats including the SFN info will need to be defined.
Observation 1: Indicating separate SFN info (LSBs) for each subPDU in RAR may have overhead and specification impact.
Alternatively, one SFN info could be indicated per Msg2. The SFN info could apply to all the subPDUs within the Msg2 MAC PDU. Assuming the SFN info subheader is one octet, the overhead for a large number of subPDUs (>4), can be small compared to having one SFN info per subPDU. Furthermore, it is possible to re-use the existing MAC subheader and payload definitions in Rel-15. This mechanism could also easily be adopted for other use cases such as NTN.
Observation 2: Indicating one SFN info (LSBs) that is common for all subPDUs in RAR has less specification impact, may have less overhead, and may be re-used for other technologies such as NTN.
The SFN info can be indicated in a new subheader, which is always placed at the beginning of the MAC PDU. The UE first checks the SFN indicated, and if it does not match the SFN of the PRACH occasion that the UE has transmitted the preamble, the UE ignores the RAR.
The presence of the SFN info subheader can depend on the size of the configured RAR-window: if the RAR-window is > 10 ms, the SFN info is present, if the RAR-window is <= 10 ms, the SFN info is not present. As the presence of the subheader if determined semi-statically, and it is not meaningful to have a MAC PDU that only contains the SFN info (without other subPDUs), there is no need to have an extension bit or differentiate the subheader from the existing BI and RAPID subheaders. The SFN info subheader can simply be defined as consisting of 8 bits as illustrated in Figure 2 below. A MAC PDU containing the SFN Info subheader is illustrated in Figure 3 below.
Proposal 1: A new SFN info subheader consisting of 8 bits is defined, and if present, it is always placed at the beginning of the RAR MAC PDU (as illustrated in figures below).
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[bookmark: _Ref20400652]Figure 2 SFN Info subheader
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[bookmark: _Ref20400659]Figure 3 Example of MAC PDU consisting of MAC RARs and SFN Info subheader

Proposal 2: The SFN LSBs indicated by the SFN Info apply to all subPDUs in the MAC PDU.
Proposal 3: The presence of the new SFN Info subheader in the MAC PDU depends on the configured RAR-window: if the RAR-window is > 10 ms, SFN Info is present, if the RAR-window is <= 10 ms, SFN Info is not present.
The number of LSBs that are indicated in the SFN Info subheader can be determined by the size of the RAR-window. For example, if the RAR-window is between 10 ms and 20 ms, one bit (e.g. S0) is used to indicate LSBs, if the RAR-window is between 10 ms and 40 ms, two bits (e.g. S0 and S1) are used, and so on. The remaining bits can be reserved (R-bits).
Proposal 4: The number of LSBs indicated by the SFN Info is determined by the size of the RA-window: for RAR-window <= 20 ms, 1 bit, for RAR-window <= 40 ms, 2 bits, and so on.
Finally, how the UE interprets the SFN LSBs indicated should be discussed. As a simple option, the UE can match the LSBs of the SFN of the PRACH occasions with the SFN indicated in SFN Info, going back from the current SFN. For example, if the current SFN is ‘01100 11011’b and the LSBs indicated in SFN Info is ‘01’b, the UE can determine the SFN of the indicated PRACH occasion as ‘01100 11001’b. If the UE has transmitted the preamble on this PRACH occasion, the UE can process the RAR further, otherwise ignore it.
Proposal 5: The SFN indicated by RAR is found by matching the LSBs of the past SFNs (going back in time), starting from the current SFN, with LSBs indicated in SFN Info.
2.2 Indicating other NR-U info in RAR
As a consequence of the RAN1 agreement above, at least LBT category for Msg3 will be indicated in RAR. We note that this and any other information relevant for NR-U (NR-U Info) should be conditional on the random access being performed on an unlicensed cell.
Proposal 6: The presence of the NR-U Info depends on whether the RA is performed on an unlicensed cell: if the RA is performed on an unlicensed cell, NR-U Info is present, otherwise (for licensed cell), it is not present.
In LAA, the network indicates the LBT category to be used in dynamically scheduled UL transmissions, by including the following information within the DCI for UL grant [7]:
1. Channel Access type – 1 bit as defined in subclause 4.2 of [8] (37.213)
· Indicates LBT Type 1 or 2
2. Channel Access Priority Class – 2 bits as defined in subclause 4.2 of [8] (37.213)
· CAPC: Between 1-4
Additionally, as discussed in our contribution [9], it may be possible for the network to indicate to the UE which option should be applied by the UE on LBT failure for Msg3:
a) The ra-ContentionResolutionTimer is started (the UE waits for a retransmission grant), or 
b) The ra-ContentionResolutionTimer is not started and the UE returns to RACH resource selection
Note that all the indications above are linked to the Msg3 transmission, and therefore linked to the UL grant provided to the UE within a MAC payload for RAR. Therefore the new NR-U Info should also be provided in a new MAC RAR payload. To have minimal impact on the existing RAR PDU and payload definitions, a new MAC RAR payload can be defined by appending an additional octet after the Rel-15 payload. The additional octet can carry the new NR-U Info. This is illustrated in Figure 4 below. 
For example, bit N0 can be used to indicate Channel Access type, bits N1, N2 together can be used to indicate Channel Access Priority Class, and bit N3 can be used to indicate Msg3 LBT failure behaviour. 
Proposal 7: A new NR-U MAC payload for RAR is defined, with an additional octet appended after the Rel-15 MAC payload to carry the NR-U Info such as channel access type, channel access priority class, and Msg3 LBT failure behaviour (as illustrated in figure below).
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[bookmark: _Ref20403884]Figure 4 New NR-U MAC payload for RAR

As mentioned above, the presence of the new payload can be determined by the type of cell that is used for the random access. If the random access is performed on an unlicensed cell, the new NR-U MAC payload is included in RAR, otherwise Rel-15 MAC payload is included.
Proposal 8: If the RA is performed on an unlicensed cell, MAC payload in RAR is in new NR-U format (as in figure above), otherwise it is in Rel-15 format.

3 Conclusion
We have the following proposals for the RAR format enhancements for NR-U:
Observation 1: Indicating separate SFN info (LSBs) for each subPDU in RAR may have overhead and specification impact.
Observation 2: Indicating one SFN info (LSBs) that is common for all subPDUs in RAR has less specification impact, may have less overhead, and may be re-used for other technologies such as NTN.
Proposal 1: A new SFN info subheader consisting of 8 bits is defined, and if present, it is always placed at the beginning of the RAR MAC PDU (as illustrated in figures below).
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Figure 5 SFN Info subheader
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Figure 6 Example of MAC PDU consisting of MAC RARs and SFN Info subheader

Proposal 2: The SFN LSBs indicated by the SFN Info apply to all subPDUs in the MAC PDU.
Proposal 3: The presence of the new SFN Info subheader in the MAC PDU depends on the configured RAR-window: if the RAR-window is > 10 ms, SFN Info is present, if the RAR-window is <= 10 ms, SFN Info is not present.
Proposal 4: The number of LSBs indicated by the SFN Info is determined by the size of the RA-window: for RAR-window <= 20 ms, 1 bit, for RAR-window <= 40 ms, 2 bits, and so on.
Proposal 5: The SFN indicated by RAR is found by matching the LSBs of the past SFNs (going back in time), starting from the current SFN, with LSBs indicated in SFN Info.
Proposal 6: The presence of the NR-U Info depends on whether the RA is performed on an unlicensed cell: if the RA is performed on an unlicensed cell, NR-U Info is present, otherwise (for licensed cell), it is not present.
Proposal 7: A new NR-U MAC payload for RAR is defined, with an additional octet appended after the Rel-15 MAC payload to carry the NR-U Info such as channel access type, channel access priority class, and Msg3 LBT failure behaviour (as illustrated in figure below).
[image: ]
Figure 7 New NR-U MAC payload for RAR
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Proposal 8: If the RA is performed on an unlicensed cell, MAC payload in RAR is in new NR-U format (as in figure above), otherwise it is in Rel-15 format.
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