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1. [bookmark: _Toc18413600][bookmark: _Toc18404533][bookmark: _Toc18403966]Introduction
In RAN2 #107-bis[1], the agreement regarding on LSB of SFN was reached as follows.
	-	From RAN2 point of view it is beneficial to include LSB of SFN in the DCI. The same design is desirable to be used for 2-step RACH.  Write LS to RAN1 to ask if there is any feasibility issues. 


In RAN1 #97[2], LBT category for Msg3 initial transmission will be provided to UE in RAR.
	Agreement:
[bookmark: OLE_LINK3]LBT category for msg 3 initial transmission is provided to the UE in RAR


According to the agreements above, LSB of SFN will be included in DCI. Then in the following, we will discuss how to include LBT category in the MAC PDU for random access response. In addition, we also discuss the aspects related to 2-step RACH and how a common design for both 4-step and 2-step RACH can be achieved. 
2. Discussion
In this section the design of the RAR MAC PDU is considered separately for 2-step RACH and 4-step RACH case for NR-U. 
2.1. [bookmark: OLE_LINK1]Design for 4-step RACH
LBT category indication
In RAN1 #98 bis [3], the agreement that LBT category for Msg3 initial transmission was provided to UE in RAR was clarified, LBT for RAR is only for single UE rather than multiple UEs. This means that since scheduling for each UE may be different, LBT type for each UE may also be different. Then it means that LBT type should be UE specific, and it should be included in the RAR.
In addition, according to the RAN1’s agreement, Cat 1 LBT (No LBT), Cat 2 LBT with 16us, Cat 2 LBT with 25us, and Cat 4 LBT are supported for UL transmission. For these LBT types, which type of LBT is used depends on the length of gap between DL and UL. For example, when COT sharing is used, if the gap is shorter than 16us, Cat 1 LBT is used. Then for the indication of these LBT types, since four different types of LBT are supported, 2-bit should be needed.
[bookmark: _Toc24044115]Proposal 1: The LBT type field is included in the MAC RAR (i.e. it is UE specific)
[bookmark: OLE_LINK5][bookmark: _Toc24044116]Proposal 2: For LBT type, 2-bit indication should be needed.
[bookmark: _GoBack]One additional question is whether the CAPAC is also needed in addition to the LBT type, in case of Cat 4 LBT indicated in the MAC RAR per above. However, it should be noted that gNB can decide the CAPAC for UL data only if it has a full knowledge of the data in UL buffer at the UE. This is not feasible at initial access stage and hence, CAPAC is not needed to be included in MSG2. Instead, for Cat 4 LBT case, we can assume that the CAPAC corresponding to CCCH logical channel will be used for MSG3. According to the agreement in RAN2 #106[4], SRB0 have the highest priority (lowest CAPC index). In other words, for CCCH message, the highest priority should be used. Therefore, in case of Cat 4 LBT, CAPC is not necessary to be indicated. 
[bookmark: _Toc24044117][bookmark: OLE_LINK6]Proposal 3: In case of CAT4 LBT being indicated, the UE shall use the CAPAC corresponding to the CCCH logical channel, i.e. the highest priority.
Distinguishing between different RAR formats
With the inclusion of the LBT category, either the RAR format for NR-U will be different to the legacy RAR format or it has to be assumed that the LBT category can be included in the UL grant in the RAR. 
Of course, if the RAR is sent on NR-U carrier, then the UE doesn’t need to know which RAR format is used (i.e. on NR-U carrier, the new format will be used by default). However, it should be noted that the RAR for NR-U carrier may need to be sent on the licensed carrier (e.g. in case of carrier aggregation where the PCell is in licensed spectrum and SCell is in unlicensed). In this specific case, the LBT type field needs to be included in the MAC RAR. Thus, the MAC RAR format will be different in this case and a solution is needed if the LBT type field is included as a separate field in RAR. 
If the UL grant in RAR cannot accommodate the LBT category, then in order to distinguish between the legacy MSG2 and the new MSG2, we need to consider either a new RNTI or new search space /CORESET on the licensed carrier. To us it seems using a separate search space / CORESET seems simpler. So, we propose this: 
[bookmark: _Toc24044118]Proposal 4: The same MSG2 format for NR-U will be reused on licensed carriers (when the response for RACH on NR-U carrier is sent on a licensed PCell)
[bookmark: _Toc24044119]Proposal 5: If the UL grant field in RAR cannot include the LBT type, a different search space/CORESET will be used for NR-U MSG2 response on licensed spectrum for the above case
[bookmark: _Toc24044120]Proposal 6: Send an LS to RAN1 informing them about the above agreements
2.2. Design for 2-step RACH
In case of 2-step RACH, there are two scenarios that need to be considered:
· Design of fallbackRAR
· Design of MSGB
Firstly, it should be noted that the RA response for 2-step RACH will be designed in such a way that legacy UEs will not decode this (using a new RNTI). Thus, there is no problem with legacy UEs decoding the RAR addressed to 2-step RACH UEs. Then, for the case of fallback, we can simply reuse the new MSG2 design for NR-U even with 2-step RACH. i.e. the same format as agreed in MSG2 design for 4-step RACH in case of NR-U will be reused also for 2-step RACH. 
It should be noted that there is no MSG3 in case of 2-step RACH successful case. So, there is no need to indicate the LBT category for MSG3 in MSGB (unlike the MSG2). Note that in case of connected mode the LBT category for the subsequent UL message can be indicated via the DL DCI. Thus, no LBT type is needed even in this case. Thus, the MSGB design doesn’t need to consider the indication of LBT category.  
[bookmark: _Toc24044121]Proposal 7: The fallbackRAR design will reuse the format of MSG2 on licensed and unlicensed carriers per above.
[bookmark: _Toc24044122]Proposal 8: There is no need to include the LBT category in MSGB since there is no MSG3 in case of 2-step RACH.
3. Conclusion and proposals
The following proposals are made:
Proposal 1: The LBT type field is included in the MAC RAR (i.e. it is UE specific)
Proposal 2: For LBT type, 2-bit indication should be needed.
Proposal 3: In case of CAT4 LBT being indicated, the UE shall use the CAPAC corresponding to the CCCH logical channel, i.e. the highest priority.
Proposal 4: The same MSG2 format for NR-U will be reused on licensed carriers (when the response for RACH on NR-U carrier is sent on a licensed PCell)
Proposal 5: If the UL grant field in RAR cannot include the LBT type, a different search space/CORESET will be used for NR-U MSG2 response on licensed spectrum for the above case
Proposal 6: Send an LS to RAN1 informing them about the above agreements
Proposal 7: The fallbackRAR design will reuse the format of MSG2 on licensed and unlicensed carriers per above.
Proposal 8: There is no need to include the LBT category in MSGB since there is no MSG3 in case of 2-step RACH.
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