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1 Introduction
In RAN2 LS to RAN1 [3], the following agreements regarding the msg.3 were made and some questions regarding such multiple msg.3 transmission is brought up.
· We ask R1 regarding the support of multiple MSG3 transmission opportunities
RAN2#105bis has discussed multiple transmission opportunities for msg3 and its impact to msg2. It was assumed that multiple grants can be provided to UE via single or multiple RARs. RAN2 is aware that RAN1 is discussing a proposal for COT sharing between message 2 and 3 and this may be relevant to this discussion.
RAN2 would like to ask RAN1 their feedback on the above RAN2 agreements and considerations on msg3 transmission.

This contribution discusses the design consideration to the multiple msg.3 transmission opportunity for NR-U.
2 Multiple Msg.3 Transmission
Several aspects have been discussed in the RAN2, it has been agreed in the SI phase multiple msg.3 is beneficial and it could study the enhancement on the additional opportunities for msg.1 and msg.3. In general, two kinds of discussions are in RAN2 regarding such issue, one is that since RAN1 is discussing the UL transmission within the DL-initiated COT so that CAT2 LBT could be applied to msg.3, thus the impact of the LBT to msg.3 could be resolved without introducing multiple msg.3; the other is talking about the potential solutions to support multiple msg.3 via changing the RAR MAC PDU as less as possible. 
1 
2 
Motivation to have multiple msg.3 transmission opportunities
Regarding the first issue, indeed it’s true that if scheduled msg.3 is within the RAR initiated COT, the cat2 LBT for msg.3 transmission could be used. However, the nature of RAR includes the multiplexing of multiple UEs’ responses into one PDSCH, which means the same PDSCH could include scheduling information to more than one UE (scheduled msg.3 transmission to multiple UEs), it’s not always possible to put all the scheduled msg.3(s) into the COT, e.g., when the user number is relatively large or the channel access type/priority of msg.2 only provides relatively short COT. Forcing msg.2 using the lower channel access priority may not be good since we already have to extend the RAR window to allow more opportunities for msg.2 transmission to compensate the impact of LBT. Lower the priority thus is not preferable since it will disobey the benefits of extending the RAR window. Another thought is that even the initial msg.3 transmission is failed due to LBT failure; it could still have DCI scheduled msg.3 re-transmission. But since this will require more UL/DL interaction which increases the impact of LBT, relying on the msg.3 re-transmission to handle the LBT impact to msg.3 transmission is not desirable and might increase the access delay. To sum it up, since the msg.3 transmission in DL-initiated COT is not always possible, the multiple msg.3 transmission opportunities are beneficial to have. 
Observation 1: since the msg.3 transmission in DL-initiated COT is not always possible, the multiple msg.3 transmission opportunities are beneficial to have.
Possible solutions
In RAN2 discussion, several options to enable the multiple msg.3 transmission opportunities as following:
1. Multiple RARs to indicate multiple UL grants
a) Multiple MAC PDU (e.g., multiple PDCCH->PDSCH);
b) Single MAC PDU with multiple RARs (e.g., single PDCCH->PDSCH);
2. Single RAR with single UL grant
a) Multiple time domain resource allocations
b) Single time domain resource allocation.
Generally, option 1 will create more transmission overhead, i.e., more LBT operations and more PDCCH->PDSCH are needed for option 1.a) and multiple MAC sPDU are needed for option 1.b). Some duplicate information will have to be re-transmitted such as the TA command and Temporary C-RNTI, which is an unnecessary overhead.
In addition, with multiple RAR, it will request UE to keep monitoring RAR even if it finds one matched PDCCD->PDSCH, or keep reading the MAC PDU even if it finds one matched RAPID. Such operation is an additional request to UE side which has negative impact to the operation efficiency and power saving perspective. 
Observation 2: Using multiple RARs to provide multiple msg.3 transmission opportunities creates overhead at both gNB and UE sides.
For the options for single RAR, the option 2.a) includes more than one time domain resource allocation indications in one RAR, as shown in the following figure from [4], 


Fig. 1 – one example of multiple msg.3 PUSCH time resource allocations in one UL grant
This solution could resolve the drawbacks of option 1 on transmission overhead of duplicated information, however, it will create a different request which is the MAC PDU format change, i.e., multiple PUSCH time resource allocations will be included in one RAR MAC PDU. Such request is generally not favourable in RAN2 unless there is unavoidable necessity.
On the other hand, while the option 2.b) will need some support from RAN1, and it indeed requires the least change and have the smallest impact to the RAN2 design. The additional information we need to provide for applying this time domain resource allocation is that the number of times N_tx that UE could use this time domain resources and the step gap delta_T between two candidate transmission opportunities, so that UE could find out where are the candidate positions and how may are they. By doing this, the RAR format will not be changed and the flexibility to control the location and number of candidate msg.3 transmission opportunities are provided by such option 2.b).
Observation 3: option 2.b) is suitable to provide multiple msg.3 transmission opportunities. 
Proposal 1: Single RAR with single UL grant including single time domain resource allocation should be supported to provide multiple msg.3 transmission opportunities.
Proposal 2: From scheduling multiple-msg.3 point of view, UE should be provided the number of times N_tx that UE could use indicated time domain resources in UL grant and the step gap delta_T between two candidate transmission opportunities.

Channel access type and priority for msg.3
Another issue is to indicate the channel access type and priority to the UE to transmit msg.3. 
1 bit is needed to indicate the channel access type, to indicate either CAT-2 or CAT4 is used. We could reuse the reserved bit for CSI-RS request in the UL grant to indicate such information.
For the priority information, the purpose of msg.3 in contention based random access is usually for RRC connection request or re-establishment request, or including the BSR for scheduling request (for RRC connected UE), which is suitable to set the priority to be the highest priority (i.e., priority 0). So for simplicity, the priority for msg.3 could be fixed as priority 0 in case of UE is being indicated to use CAT-4 LBT.
Proposal 3: the reserved 1 bit for CSI-RS request in RAR UL grant could be re-used to indicate the channel access type for msg.3.
Proposal 4: the priority for msg.3 could be fixed as priority 0 in case of UE is being indicated to use CAT-4 LBT.
3 Conclusion
The following observations and proposals made in this contribution are summarized below:
Observation 1: since the msg.3 transmission in DL-initiated COT is not always possible, the multiple msg.3 transmission opportunities are beneficial to have.
Observation 2: Using multiple RARs to provide multiple msg.3 transmission opportunities creates overhead at both gNB and UE sides.
Observation 3: option 2.b) is suitable to provide multiple msg.3 transmission opportunities. 
Proposal 1: Single RAR with single UL grant including single time domain resource allocation should be supported to provide multiple msg.3 transmission opportunities.
Proposal 2: From scheduling multiple-msg.3 point of view, UE should be provided the number of times N_tx that UE could use indicated time domain resources in UL grant and the step gap delta_T between two candidate transmission opportunities.
Proposal 3: the reserved 1 bit for CSI-RS request in RAR UL grant could be re-used to indicate the channel access type for msg.3.
Proposal 4: the priority for msg.3 could be fixed as priority 0 in case of UE is being indicated to use CAT-4 LBT.
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