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Introduction
As captured in the TR 38.889,
In order to alleviate the impact of LBT failures further, additional opportunities for the RACH messages may be introduced, e.g. in time or frequency domain, for both 4-step and 2-step RACH.  The additional opportunities for 4-step RACH will be applicable to both msg1 and msg3.
In addition, RAN2 has made discussions on how to enhance transmission opportunities for Msg3 and made below notes
- 	Chair think there are two proposals on the table a) multiple RAR, b) multiple grants in RAR. 
- 	Vivo think there is also the possibility that retransmission can be considered additional opportunity. Lenovo think additional transmissions shall not be consecutive. 
- 	Ericsson think that if MSG3 shares COT with MSG2 then this is not needed at all. ZTE agree and think this is feasible. Lenovo do not think this is always possible. Several companies point out that RAR need to be processed (= time). Huawei think that if there is a significant gap, LBT need to be done also within the COT. Ericsson think that the probability is then very high for success.
In above notes, whether Msg3 can share a COT with Msg2 so that Cat 4 LBT can be avoided for Msg3 has been initially discussed in RAN2. 
RAN2 has also agreed to send a LS (1905444) to RAN1 informing of RAN2 agreements
We ask R1 regarding the support of multiple MSG3 transmission opportunities
In this contribution, we further discuss below two aspects
1) potential spec efforts to support multiple additional opportunities for Msg3
2) necessity and benefits to support COT sharing between Msg2 and Msg3
Based on these discussions, it is sufficient to support COT (initiated by the gNB) sharing between Msg3 and Msg2, in this way any other enhancements of additional opportunities for Msg3 can be avoided. 
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In the RAN2#105, there are several alternatives concerning how to provide additional opportunities for Msg3 proposed by different companies.
Alternative 1: Msg3 repetition in time domain. In this alternative, a UE can transmit a Msg3 with the same grant repetitively in time domain on multiple occasions [2]{3][4].  In this alternative, an indicator indicating Msg3 repetitions is carried in the RAR.

Alternative 2: Multiple grants carried in the 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 [2][5][6][7]. 

Alternative 3: Multiple RARs can be received within the same RAR window [8]. In this alternative, a UE is allowed to receive multiple RAR messages within the same RAR window. Each RAR can carry a different grant.

In addition, RAN1 has made below agreements concerning the channel access mechanism for a RA procedure. 
Agreement:
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths
From this agreement, it is interpreted that RA messages of a RA procedure would apply a Cat4 LBT in cases the corresponding transmission is not performed within a shared COT initiated by a gNB. 
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RAN1 has also discussed COT sharing for NR-U. The intention is to avoid unnecessary LBT operations for subsequent transmission burst within a COT period, which may be initiated by a gNB. The below agreements concerning a shared DL COT with UL bursts have been captured in the TR
Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the channel access schemes in Table 7.2.1.3.1-3.
Table 7.2.1.3.1-3: Channel access schemes for a UL burst within a gNB-initiated COT as LBE device
	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec. Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:
-	When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
-	For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
-	Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.
	N/A



Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 µs. Transmissions from a UE having a gap of more than 16 µs are considered as separate UL bursts. The number of LBT attempts within a COT should be determined when specifications are developed.
It would be beneficial to allow a UE to transmit a Msg3 within a COT initiated by the gNB with a transmission of Msg2.
Based on above information, it is motivated to add a new alternative on how to enhance transmission opportunities for Msg3.
Alternative 4: transmit Msg3 within a gNB initiated COT with a Msg2 transmission
We analyse pros and cons of all these alternatives in the below table.
Table 1: Pros and cons of the alternatives for enhancement of transmission opportunities for Msg3
	
	Ability to provide additional transmission opportunities for Msg3
	Potential spec changes

	Alternative 1 
(Msg3 repetition in time domain)
	Additional opportunities in time domain
	Require a repetition indicator in RAR message (at least 2 new bits depending on the number of repetitions)

	Alternative 2 
(Multiple grants carried in a RAR message)
	Additional opportunities in frequency domain and time domain
	Require additional grants carried in RAR message (27 new bits x number of additional grants)

	Alternative 3
(Multiple RARs received in a RAR window)
	Additional opportunities in frequency domain and time domain
	UE has to monitor the PDCCH continuously during the whole RAR window, this would increase the power consumption for the UE.

	Alternative 4
(Msg3 transmission in a gNB initiated COT)
	No need to handle how to provide opportunities, since LBT operation can be avoided within the shared COT period
	Require indicators on channel access (both type and channel access priority class) in RAR message (e.g., 1 bit for channel access type and 2 bits for channel access priority class, same as in LTE LAA.)



From this table, it is recommended to choose Alternative 4 since it can minimize the LBT impact on Msg3 and limit the potential changes to the spec as well as the number of bits added to RAR.
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In this case, the UE may avoid the ordinary Category 4 LBT for the Msg3 transmission if the switch gap between DL and UL is sufficiently short. This is beneficial to reduce latency for Msg3 due to avoidance of ordinary LBT operations. The gNB is responsible for scheduling DL assignments and UL grants to UEs. Since the gNB is in control of DL and UL transmissions, when required, it can ensure the gap between the end of the DL transmission to the beginning of the Msg3 transmission to be sufficiently short. For example, the gNB typically schedules other transmissions to other UEs that occupy the channel before the intended transmission time for Msg3 resulting in a gap sufficiently short for the intended UE. In the COT sharing scenario for a UL burst, if the gap is equal or shorter than 16 sec, the UE can apply an immediate transmission for Msg3 skipping LBT operations; while if the gap is not greater than 25 sec, the UE applies a Cat2 LBT for a Msg3 transmission, If the gNB do not have other DL transmissions to schedule, it may schedule the UE to perform a Category 4 LBT for the transmission of a Msg3. 
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It is feasible since the gNB can control the gap between the end of the DL transmission to the beginning of the Msg3 transmission to be sufficiently short via means such as scheduling transmissions to other UEs to occupy the channel.
The detailed channel access mechanism for Msg3 can be signalled in the RAR message. In the LTE LAA, for dynamic scheduling, channel access type and channel access priority class are signaled via uplink grant in DCI (e.g., format 0A and format 0B), where channel access type occupies 1 bit, and CAPC occupies 2 bits. 
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It would be beneficial to apply a similar signaling mechanism for the Msg3 transmission in NR-U. Both channel access type and CAPC for transmission of Msg3 can be carried via uplink grant in the RAR message. This would impact the uplink grant format in the RAR message, which should be informed to RAN1 to consider this aspect for design of the uplink grant format.
Therefore, we make below observation accordingly.
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[bookmark: _Toc4598633]The channel access mechanism may be provided for example as a fixed value in the standard or provided in the RAR message (by changing the UL grant or using one of the reserved bits in the MAC CEs or by other means) or in other ways.
RAN1 needs to be informed of this need for the UE, we suggest RAN2 to send a LS to RAN1 on this [9]. 
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Conclusion
In section 2 we made the following observations:
Observation 1	Based on RAN1 agreements, it is interpreted that the UE applies a Cat4 LBT for a RA message if the transmission is not performed within a shared COT initiated by a gNB.
Observation 2	Compared to the other alternatives, such as providing a UE with multiple grants in a RAR message, it is beneficial to minimize the LBT impact for Msg3 and limit the potential spec changes by allowing the UE to transmit Msg3 within a DL COT initiated by the gNB with a Msg2 transmission.
Observation 3	The gNB can control the gap between the end of the DL transmission to the beginning of the Msg3 transmission to be sufficiently short. For example, the gNB may schedule other transmissions to other UEs that occupy the channel, resulting in a gap between the end of DL transmission and the start of the Msg3 transmission that is sufficiently short for the intended UE to benefit Cat 1 or Cat 2 LBT assuming COT in UL is shared with the corresponding one in DL.
Observation 4	In some cases when gNB have no other DL users to schedule, it may schedule the UE to perform Cat 4 LBT for the Msg3 transmission.
Observation 5	Channel access type and channel access priority class are signaled via uplink grant in DCI in LTE LAA.
Observation 6	The channel access mechanism (channel access type and/or CAPC) to be used for Msg3 transmission is needed in the UE.

Based on the discussion in section 2 we propose the following:
Proposal 1	To enhance transmission opportunities for Msg3, the gNB may schedule a UE to transmit a Msg3 within a COT initiated by the gNB with the transmission of Msg2.
Proposal 2	RAN2 send a LS to RAN1 informing RAN1 of the need to provide a UE with channel access type and possibly also channel access priority class for RACH message 3 transmission.
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