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1 Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]In RAN1#97, RAN1 agreed
	Agreement:
· LBT category for msg 3 initial transmission is provided to the UE in RAR


In this contribution, we would like to discuss about remaining issue on random access for NR-U and provide our proposals. 
2 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK154][bookmark: OLE_LINK155][bookmark: OLE_LINK3][bookmark: OLE_LINK4]LBT type for initial msg3 transmission
[bookmark: OLE_LINK5][bookmark: OLE_LINK45][bookmark: OLE_LINK46]In order to share gNB COT to UE, RAN1 agreed “LBT category for msg3 initial transmission is provided to the UE in RAR”. However, in the contributions submitted to RAN2#107bis, there are still some discussions on which part of msg2 to include the LBT type. The two options are:
· Option 1: DCI
· Option 2: payload of RAR
Upon all these, there are also some discussions on whether this indication is per MAC PDU (i.e., corresponding to all the UE performing RACH on the given RACH occasion) or per UE. From our point of view, the indication is clearly per UE, since the UL grant for the msg3 is per UE. 
For option 1, a new field in DCI will be introduced. It is required that, the network will send the msg2 for preambles transmitted by the same RO to share the same gNB COT. In case the gNB COT is limited for sharing and may not be enough for the response to all preambles. Multiple COTs is needed, i.e. a new COT with a new MAC PDU is required to transmit the msg2 of remaining preambles. In that case the PDCCH overhead is increased due to several DCIs of msg2 need to be transmitted.
For option 2, a new field in MAC RAR is needed. The network can determine which response can share the COT. Resource is efficient.
From our point of view, it is sufficient to indicate the LBT type in RAR and there is no need to revert the RAN 1 agreement on this. 
Proposal 1: LBT category for msg3 initial transmission is provided in RAR.
In TS 38.213, the following fields are included in RAR grant.
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1



[bookmark: OLE_LINK8]With the RAN1 agreement, however, we are sitll not sure about the exact amount of bits it take to indicate the LBT type and the other COT sharing information. To finalize the design of RAR format it is suggested to ask RAN1 how may bits is required.
Proposal 2: Send LS to ask RAN1 on required bits for LBT type and COT indication.
3 Multiple Msg3
In last meeting, during the email discussion as well as the online discussion, there was some discussion on additional opportunities on Msg3. Even though some companies prefer to wait for more RAN1 progress, from RAN2’s perspective, some discussion can be initialized as this also relates to the RAR format design and some guidance can be informed to RAN1 if RAN2 has any preference on the possible candidates. 
Currently, there is only one UL grant included in the RAR. However, whether the UE is able to transmit Msg3 on the scheduled uplink grant depends on the outcome of LBT procedure. If the UE fails to send the Msg3 in case of LBT failure, then a retransmission is required which of course increase the latency of RACH procedure. Therefore, one mechanism to overcome the LBT impact and reduce the latency of the whole RACH procedure is to increase the transmission opportunity of Msg3.
Observation 1: Multiple Msg3 transmission opportunities is beneficial to reduce access latency. 
Actually among all proposed enhancement, there was a proposal that proposed to have multiple UL grants in RAR. In this alternative, a UE receives multiple grants from one RAR message. The UE performs LBT for each grant and uses the grant which has passed the LBT for transmission of the Msg3. However, we think this may have significant impact on the RAR format design and will introduce too much signalling overhead.
Observation 2: Multiple UL grants in RAR has significant impact on RAR design and introduces too much signalling overhead. 
Another proposed solution is to allow a UE to receive multiple RAR within the same RAR window and each RAR can carry a different grant. For this option, some modification on UE behaviour is needed in order to allow the UE to keep monitoring PDCCH continuously during the whole RAR window and the UE needs to process multiple RARs which consume more UE power. Or the UE can stop monitoring RAR if LBT is successful for any of the received grants, but this modifies the condition to stop RAR window as currently it is stated in the specification that the MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX.
Observation 3: Allowing a UE to receive multiple RAR within the same RAR window requires the UE to keep monitoring RAR during the whole RAR window or introduces a new condition to stop the RAR window, i.e., upon successful LBT on any received UL grant.
Another proposed solution is that a UE is configured to transmit a Msg3 within a COT initiated by the gNB with a transmission of Msg2. In this case, the UE may avoid the ordinary Category 4 LBT for the Msg3 transmission. However, there is a minimum time requirement between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission for a UE. Due to the time duration limitation of COT and required time gap between RAR and Msg3, they may not be able to be transmitted within the same COT. At the end of time duration of COT, gNB will stop data transmission and do LBT procedure to obtain new COT. In addition, indicators on channel access (both type and channel access priority class) in RAR message needs to be introduced and impact on RAR format design can not be avoided. 
Observation 4: Configuring the UE to transmit a Msg3 within a COT initiated by the gNB with a transmission of Msg2 introduce impact on RAR format design and may be not possible due to the time limitation of acquired COT.
So a better solution is to have time domain enhancement, e.g., msg3 repetition. In this case, the same UL grant included in the RAR is allocated to the UE for multiple transmission durations and the UE is allowed to transmit on this UL grant on any of the allowed transmission durations once LBT is successful. Then from the UE’s perspective, more transmission opportunity can be achieved for LBT attempt and it is more possible to transmit Msg3 successfully. In addition, this mechanism has less impact on the RAR MAC PDU format design compared with other proposed solutions and since only few bits are added to indicate the repetition numbers, not much signalling overhead will be introduced. As there are impacts on UL grant design, some RAN1 input is needed and we propose to send LS to RAN1 to inform the RAN2 conclusion and ask them to decide the details. 
Proposal 3: RAN2 consider msg3 repetition is beneficial for increasing the transmission opportunity of Msg3. 
[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK85][bookmark: OLE_LINK86]Furthermore, there is a minimum time requirement between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission for a UE. Due to the time duration limitation of COT and required time gap between RAR and Msg3, they may not be able to be transmitted within the same COT. For this cross-COT transmission, the concept of 2-step triggered scheduling mechanism in LTE eLAA could be considered, i.e., the scheduling information is indicated by RAR in the first COT and the timing to transmit Msg3 is indicated in the subsequent COT.
[bookmark: OLE_LINK60][bookmark: OLE_LINK19]Proposal 4: NR-U should support 2-step triggered scheduling mechanism to reduce transmission latency of Msg3 in 4-step RACH. 
4 Conclusion
[bookmark: _Toc423020280][bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this contribution, we have the following proposal. 
Observation 1: Multiple Msg3 transmission opportunities is beneficial to reduce access latency.
Observation 2: Multiple UL grants in RAR has significant impact on RAR design and introduces too much signalling overhead. 
Observation 3: Allowing a UE to receive multiple RAR within the same RAR window requires the UE to keep monitoring RAR during the whole RAR window or introduces a new condition to stop the RAR window, i.e., upon successful LBT on any received UL grant.
Observation 4: Configuring the UE to transmit a Msg3 within a COT initiated by the gNB with a transmission of Msg2 introduce impact on RAR format design and may be not possible due to the time limitation of acquired COT.
Proposal 1: LBT category for msg3 initial transmission is provided in RAR.
Proposal 2: Send LS to ask RAN1 on required bits for LBT type and COT indication.
Proposal 3: RAN2 consider msg3 repetition is beneficial for increasing the transmission opportunity of Msg3. 
Proposal 4: NR-U should support 2-step triggered scheduling mechanism to reduce transmission latency of Msg3 in 4-step RACH. 
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