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Introduction
We have discussed below issues to enhance RACH performance.
1) How to signal the LBT category for Msg3 in the RAR message?
2) Is it necessary to further discuss how to provide additional opportunities for Msg3?
3) How to select channel access for Msg3 multiplexed with UP data?
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Signalling options for LBT category of Msg3
Accordingly, in RAN1#97, RAN1 has made below agreements replying to the RAN2 LS. 
Agreement:
Reply to the RAN2 LS informing them of the following:
· RAN1 has made the following agreement which facilitates COT sharing between Msg2 and Msg3:
· LBT category for msg 3 initial transmission is provided to the UE in RAR
· Multiple msg3 tx opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 perspective but there is no consensus at this time in RAN1 to support this. RAN1 will continue discussions on the support of multiple msg3 tx opportunities.

In this section, we further discuss the remaining aspect
1) How to signal the LBT category for Msg3 initial transmission in the RAR?
In case it is feasible for Msg3 to share the DL COT initiated by the gNB with the DL transmission of Msg2, the gNB can decide LBT category for Msg3 depending on the gap duration (according to the Table 7.2.1.3.1-3 in TR 38.889 [1]). In other words, the LBT category is determined based on below conditions
· Category 1 immediate transmission for Msg3 if the gap is less than 16us
· Category 2 LBT for Msg3 if the gap is not more than 25us. 
For Category 2 LBT, it may be necessary for RAN1 to decide if Category 2 LBT in 16us duration can be applied for Msg3 if the gap is equal to 16us. 
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[bookmark: _Toc16078564][bookmark: _Toc16079734][bookmark: _Toc16511463][bookmark: _Toc16759042][bookmark: _Toc16804110][bookmark: _Toc19538584][bookmark: _Toc20723232][bookmark: _Toc20908893][bookmark: _Toc20979715][bookmark: _Toc21011761][bookmark: _Toc21034508]It may be necessary for RAN1 to decide if Category 2 LBT in 16us duration can be applied for Msg3 if the gap is equal to 16us.
However, there are cases when COT sharing between Msg2 and Msg3 is not feasible, if no other DL transmission can occupy the gap between the end of the DL transmission to the beginning of the Msg3 transmission or the COT would become too long to fulfil regulatory requirements. In these cases, the UE shall apply Category 4 LBT with highest priority CAPC for Msg3 when msg3 contains only control plane data, which has been already agreed by RAN1. 
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In total, it will be enough to use 2 bits for signaling msg3 LBT category (Cat1, Cat2/16us, Cat2/25us or Cat4), or depending on the RAN1 decision even one bit may be enough.
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In addition, the gNB needs to signal LBT category for UL data transmission with a dynamic grant. In that case, LBT category is signalled in the DCI. 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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We see three options for signaling LBT category for Msg3 by the gNB. 
In Option 1, as shown in the below Table 1/(3GPP TS 38.213/Table 8.2-1),  the LBT category is carried in the UL grant field in the RAR message. We may reuse some bits in the existing field or add a new field.
Table 1 (3GPP TS 38.213/Table 8.2-1: Random Access Response Grant Content field size
	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


In Option 2, the LBT category is carried in a non-UL grant field in the RAR.
In Option 3, the LBT category is carried in the DCI carrying DL assignments (i.e., format 1_0 addressed to RA-RNTI) for the RAR.
For Option 1, first it is challenging to reuse any existing bit since there may be a risk of reduced RACH performance compared to NR Rel-15, second a new field in the UL grant field may result a compatibility issue i.e., the legacy terminal may misinterpret the UL grant field. 
For Option 2,  inclusion of LBT category in RAR would mean the RAR size is extended by one byte for byte alignment purpose. Although LBT category requires only 2 bits, this would affect the DL coverage performance for RACH. Especially, when there are multiple MAC RARs multiplexed in a same MAC PDU, the total size increase for the MAC PDU will be a number of bytes, which affects the DL coverage performance for RACH. 
Instead, we prefer Option 3. In the DCI format 1_0 which carries DL assignments for the RAR, there are 16 R bits which are enough for LBT category. A legacy UE will not process the R bits, while a UE supporting unlicensed operation would interpret the R bits according to the new definition. In that way, we not only minimize the size increase for RAR, but also avoid affecting the legacy compatibility. 
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[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Necessity for multiple Msg3 opportunities 
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 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 [3][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.

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 one 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 RAR messages 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.



From this table, it is observed that all these alternatives require spec changes, especially the first two alternatives require the RAR format need to be changed. It is also worth noting that support of multiple opportunities for Msg3 has been agreed to be an optimization feature in the RAN plenary meeting [9]. 
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Therefore, we think RAN2 should focus on the remaining aspects for COT sharing between Msg2 and Msg3, and leave discussions for other alternatives to future releases. 
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[bookmark: _Toc7721271][bookmark: _Toc7272532][bookmark: _Toc7694775][bookmark: _Toc7721150][bookmark: _Toc7721180][bookmark: _Toc7721272][bookmark: _Toc7272533][bookmark: _Toc7694776][bookmark: _Toc7721151][bookmark: _Toc7721181][bookmark: _Toc7721273][bookmark: _Toc7272534][bookmark: _Toc7694777][bookmark: _Toc7721152][bookmark: _Toc7721182][bookmark: _Toc7721274][bookmark: _Toc7272535][bookmark: _Toc7694778][bookmark: _Toc7721153][bookmark: _Toc7721183][bookmark: _Toc7721275][bookmark: _Toc7272536][bookmark: _Toc7694779][bookmark: _Toc7721154][bookmark: _Toc7721184]Channel access for Msg3 in a RA procedure
RAN1 has agreed that it is feasible to share a COT between Msg2 and Msg3, where the COT is initiated by the gNB using transmission of Msg2 and other DL transmissions. In other words, if there is a COT available to share, the UE performs channel access for Msg3 according to indicated LBT category which is signalled by the gNB. Such action would be done by the UE regardless if there is UP data multiplexed in Msg3.
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According to the 3GPP TR 38.889, 
Table 7.2.1.3.1-4 Channel access schemes for initiating a COT by UE as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	RACH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	PUCCH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value



Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.
Note 2: Applicability of a channel access scheme other than Cat 4 for the following signals / channels have been discussed and details are to be determined when the specifications are developed:
-	UL control information including UCI only on PUSCH, e.g. HARQ-ACK, Scheduling Request, and Channel State Information
-	Random Access
The UE uses Cat4 with highest priority CAPC (i.e., CAPC= 1) for RACH-only transmission (including all RACH messages part of a RACH procedure). However, there is still a question on how to choose channel access for a Msg3 if the Msg3 has also included some UP data. 
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As captured in the Note 1, we interpret that the LBT type and/or the channel access priority class (CAPC) for a Msg3 with UP data should be determined according to the priority associated with the data since the data would have lower priority than the other content in the Msg3, 
Therefore, we make the below proposal.
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In section 2 we made the following observations:
Observation 1	In case COT sharing between Msg2 and Msg3 is applied, the UE uses either Category 1 immediate transmission or Category 2 LBT for Msg3.
Observation 2	It may be necessary for RAN1 to decide if Category 2 LBT in 16us duration can be applied for Msg3 if the gap is equal to 16us.
Observation 3	As agreed by RAN1, the UE shall apply Category 4 LBT with highest priority CAPC for Msg3, containing no user plane data, in case COT sharing between Msg2 and Msg3 is not applied.
Observation 4	Signaling LBT category for msg3 will require one or two bits.
Observation 5	Channel access type and channel access priority class are signaled via uplink grant in DCI for dynamic scheduling in LTE LAA.
Observation 6	Support of multiple transmission opportunities for Msg3 would require extra spec changes (e.g., extra change requests to the RAR format).
Observation 7	Support of multiple opportunities for Msg3 has been agreed to be an optimization feature in the RAN plenary meeting.
Observation 8	In case there is a shared DL COT, the UE performs channel access for a Msg3 according to indicated LBT category which is signalled by the gNB. Such action would be done by the UE regardless if there is UP data multiplexed in Msg3
Observation 9	If there is no shared COT available for a Msg3, the UE shall use Category 4 with highest priority CAPC (i.e., CAPC = 1) for the Msg3 (without inclusion of UP data) as agreed by RAN1.

Based on the discussion in section 2 we propose the following:
Proposal 1	It is preferred to signal the LBT category for Msg3 occupying 2 R bits in the DCI with format 1_0.
Proposal 2	Multiple msg3 opportunities are left for future releases.
Proposal 3	For a Msg3 not sharing COT with msg2 and containing not only CP data, the UE chooses LBT type and/or CAPC for Msg3 according to the priority associated with the data.
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