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1. [bookmark: _Toc18403966][bookmark: _Toc18404533][bookmark: _Toc18413600]Introduction
In RAN2 #107 [1], the agreement on including LSBs of SFN in Msg2 was reached as follows:  
	[bookmark: OLE_LINK21]=> Will support extension of RAR window without modifying RA-RNTI. 
=> Include LSBs of SFN in MSG2


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


According to the agreements above, the following new information should be included in the MAC PDU for random access response:
· LSBs of SFN
· LBT category. 
This will impact the format of RAR MAC PDU. In this contribution, we will mainly discuss how to include this information in the RAR MAC PDU, and provide our views. 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. Max RAR window size
[bookmark: OLE_LINK10]According to the last agreement, the maximum RAR window size will be extended. we think the RAR window size of around 40 ms is necessary. Given that 40 ms constitutes 4xMCOT of 10ms, the gNB will have enough opportunity to send RAR if we go for 40 ms (i.e. up to 3 other nodes can acquire the channel before the gNB and still the RACH procedure can succeed). Note that the current assumption to use only 20 ms as the extended RAR window is too short since it only allows up to 2 other nodes to acquire the channel before the gNB acquires it. On a loaded channel, this may be insufficient and may increase the RACH failure rate. So, allowing at least up to 40 ms provides a good tradeoff between latency and the channel access success probability in a loaded channel. 
[bookmark: OLE_LINK14]If the value of 40ms is used, the maximum RAR window size is up to 40 slots in case of RAR numerology of 15 kHz. For 30, 60, 120 kHz, 80, 160, 320 slots need to be included in the configuration of RAR window. In addition, RAR window size of 20ms and 30ms should also be included. For RAR window size of 20ms, 20, 40, 80, 160 slots are needed. For RAR window size of 30ms, 30, 60, 120, 240 slots are needed. In NR, RAR window size configurations of {1, 2, 4, 8, 10, 20, 40, 80} is supported. For NR-U, except for these values, 30, 60, 120 160 240 320 slots may also be needed. Hence, when RAR window size is extended to 40ms, RAR window size configuration will be {1, 2, 4, 8, 10, 20, 30, 40, 60, 80, 120, 160, 240, 320}.
[bookmark: OLE_LINK3][bookmark: _Toc21000949][bookmark: OLE_LINK13]The maximum value of 40ms should be used for the extended RAR window.
[bookmark: OLE_LINK15][bookmark: _Toc21000950]If RAR window is extended to 40 ms, the window size configuration of {1, 2, 4, 8, 10, 20, 30, 40, 60, 80, 120, 160, 240, 320} may be used.
3. RAR MAC PDU design
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. 
3.1. Design for 4-step RACH
LBT category indication
In general, the gNB should decide the LBT type for UL based on the following: 
· The LBT category used in DL which schedules the UL: This is important because whether a 1-shot LBT or a CAT4 LBT needs to be performed in UL depends on the LBT type DL and the remaining COT duration in the DL COT etc. Hence, the UL LBT category is dependent on the DL LBT done by the gNB and the remaining COT etc. 
· Priority of the UL data: In general, if the gNB is aware of the UL data in UE’s UL buffer, then the LBT type should take this into account. However, for initial access, the gNB only knows that the CCCH logical channel data is pending in UL. For connected mode also, it is unclear whether there are cases during RACH procedure where the gNB can have full knowledge of data in UL buffer since the BSR wouldn’t have been received at the gNB prior to the RACH procedure. Hence, it seems that it is not necessary to consider the type of UL data in UE buffer in designing the LBT type in UL. 
Based on the above, we can conclude that the UL LBT type indicated in MSG2 is only dependent on the DL LBT type at gNB and on the remaining COT in DL (but not the UL data in UE’s UL buffer). Given this, we think the LBT type can be per MSG2 i.e. it need not be per UE. Thus, it seems the LBT type can be included in the MSG2 header rather than the RAR. 
[bookmark: _Toc21000951]The LBT type field is included in the MSG2 header (i.e. it is not UE specific)
One additional question is whether the CAPAC is also needed in addition to the LBT type, in case of CAT4 LBT indicated in MSG2 header 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 CAT4 LBT case, we can assume that the CAPAC corresponding to CCCH logical channel will be used for MSG3. 
[bookmark: _Toc21000952]CAPAC is not included in MSG2 header, but in case of CAT4 LBT being indicated, the UE shall use the CAPAC corresponding to the CCCH logical channel. 
LSBs of SFN
In NR-U, the LSBs of the SFN of RACH will be included in MSG2.  Similar to above, the first question is whether this field indicating the LSBs of the SFN should be per UE or should it be per MSG2. In other words, can the MSG2 include RARs for UEs sending RACH in different SFNs or should they all have common SFN. There are two options to be considered as below: 
Option 1: RARs in the different SFN can be multiplexed into one MSG2 MAC PDU 
Option 2: Only RARs in the same SFN are multiplexed into one MSG2 MAC PDU
Option 1 gives more flexibility for the gNB to multiplex different UEs within the same MAC PDU. However, this also comes with additional overhead because the LSBs of the SFN needs to be included in the MAC RAR (i.e. it is per UE rather than per MSG2). On the other hand, option 2 will result in less overhead (i.e. we just need one subheader containing the LSBs of SFN per MSG2), but this restricts the scheduling flexibility for the gNB (in that only certain UEs – sending the RACH in the same SFN – can be multiplexed in MSG2). 
Given that in any case, there are other fields that are likely to be included in MSG2 header (i.e. not per UE) – such as the LBT category etc – see above, we think we can also include this in the MSG2 header. This slightly restricts the multiplexing flexibility, but comes with reduced overhead. So, we think this tradeoff is justified.  
[bookmark: _Toc21000953]The 2 LSBs of the SFN are also included in the MSG2 header (i.e. again this field is not UE specific)
Distinguishing between different RAR formats
With the inclusion of the LBT category and the LSBs of SFN, the RAR format for NR-U will be different to the legacy RAR format. 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). Although, in this specific case, there is no need to signal the LSBs of SFN (because on licensed carrier in DL there is no LBT issue to solve) at least the LBT type field still needs to be included even in this case in MSG2 header. Thus, the MSG2 header format will still be different even in this case. To reduce the number of different combinations of MSG2 format, we think it is worth defining one specific format for NR-U (both on licensed and unlicensed spectrum). So, considering this, we think the SFN field can be included even if the message is sent on licensed carrier. 
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: _Toc21000954]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: _Toc21000955]A different search space/CORESET will be used for NR-U MSG2 response on licensed spectrum for the above case
[bookmark: _Toc21000956]Send an LS to RAN1 informing them about the above agreements
3.2. 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 (either using a new RNTI or using a separate coreset/search-space – see [4]). 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. 
Then, for the case of MSGB, we can introduce new field in the MSGB header to signal the LSBs of SFN (similar to MSG2). Then, it should be noted that there is no MSG3 in case of 2-step RACH. 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: _Toc21000957]The fallbackRAR design will reuse the format of MSG2 on licensed and unlicensed carriers per above
[bookmark: _Toc21000958]The MSGB design will include a new field to include the LSBs of SFN of RACH slot. There is no need to include the LBT category in MSGB since there is no MSG3 in case of 2-step RACH. 
4. Conclusion and proposals
The following proposals are made:
Proposal 1:	The maximum value of 40ms should be used for the extended RAR window.
Proposal 2:	If RAR window is extended to 40 ms, the window size configuration of {1, 2, 4, 8, 10, 20, 30, 40, 60, 80, 120, 160, 240, 320} may be used.
Proposal 3:	The LBT type field is included in the MSG2 header (i.e. it is not UE specific)
Proposal 4:	CAPAC is not included in MSG2 header, but in case of CAT4 LBT being indicated, the UE shall use the CAPAC corresponding to the CCCH logical channel.
Proposal 5:	The 2 LSBs of the SFN are also included in the MSG2 header (i.e. again this field is not UE specific)
Proposal 6:	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 7:	A different search space/CORESET will be used for NR-U MSG2 response on licensed spectrum for the above case
Proposal 8:	Send an LS to RAN1 informing them about the above agreements
Proposal 9:	The fallbackRAR design will reuse the format of MSG2 on licensed and unlicensed carriers per above
Proposal 10:	The MSGB design will include a new field to include the LSBs of SFN of RACH slot. 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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