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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 RAN2#105bis, 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

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 contribution, we further discuss the remaining aspect
1) How to signal the LBT category for Msg3 initial transmission in the RAR?

[bookmark: _Ref525834269]Discussion
Signaling options for LBT category of Msg3
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). 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. 
[bookmark: _Toc16078563][bookmark: _Toc16079733][bookmark: _Toc16511462][bookmark: _Toc16759041][bookmark: _Toc16804109]In case COT sharing between Msg2 and Msg3 is applied, the UE uses either Category 1 immediate transmission or Category 2 LBT for Msg3.
[bookmark: _Toc16078564][bookmark: _Toc16079734][bookmark: _Toc16511463][bookmark: _Toc16759042][bookmark: _Toc16804110]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, which has been already agreed by RAN1. 
[bookmark: _Toc16078565][bookmark: _Toc16079735][bookmark: _Toc16511464][bookmark: _Toc16759043][bookmark: _Toc16804111]As agreed by RAN1, the UE shall apply Category 4 LBT with highest priority CAPC for Msg3 in case COT sharing between Msg2 and Msg3 is not applied.
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.
[bookmark: _Toc16078566][bookmark: _Toc16079736][bookmark: _Toc16511465][bookmark: _Toc16759044][bookmark: _Toc16804112]Signaling LBT category for msg3 will require one or two bits.
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. It would be beneficial to apply a similar signaling mechanism for the Msg3 transmission in NR-U and include that signaling in the UL grant field in the RAR message. 
[bookmark: _Toc16078567][bookmark: _Toc16079737][bookmark: _Toc16511466][bookmark: _Toc16759046][bookmark: _Toc16804113]The gNB signals LBT category to a UE in DCI for a PUSCH transmission with a dynamic grant.
[bookmark: _Toc16511467][bookmark: _Toc16759047][bookmark: _Toc16511468][bookmark: _Toc16759048][bookmark: _Toc16511469][bookmark: _Toc16759049][bookmark: _Toc16511470][bookmark: _Toc16759050][bookmark: _Toc16511561][bookmark: _Toc16759141][bookmark: _Toc16511562][bookmark: _Toc16759142][bookmark: _Toc16511563][bookmark: _Toc16759143][bookmark: _Toc16511564][bookmark: _Toc16759144][bookmark: _Toc16511565][bookmark: _Toc14962746][bookmark: _Toc16078569][bookmark: _Toc16079739][bookmark: _Toc16511567][bookmark: _Toc16759147][bookmark: _Toc16804114]Channel access type and channel access priority class are signaled via uplink grant in DCI for dynamic scheduling in LTE LAA.
[bookmark: _Toc16759148][bookmark: _Toc16804115]In NR-U LBT category can be carried via the UL grant field in the RAR message.
We see two options for this. 
In Option 1, as shown in the below Table 1/(3GPP TS 38.213/Table 8.2-1),  we may reuse bits in any existing field in the RAR grant field if they are not needed. This is beneficial as to not increase the size of the RAR message. 
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, new fields for the LBT category are added. The size of UL grant may be increased from 27 bits to higher values.
We prefer to not increase the RAR size as to not affect the RAR coverage of msg2, and thus to signal the LBT category for Msg3 in the UL grant field in the RAR (i.e., Option 1).
[bookmark: _Toc16759149][bookmark: _Toc16804116]RAN2 prefer to not increase RAR PDU size and want to signal the LBT category for Msg3 via the UL grant field in the Rel.15 RAR. 
This needs to be informed to RAN1. 
[bookmark: _Toc14962726][bookmark: _Toc16078326][bookmark: _Toc16079897][bookmark: _Toc16080053][bookmark: _Toc16511568][bookmark: _Toc16759150][bookmark: _Toc16804117]RAN2 sends a LS to RAN1 asking if it is feasible to signal the LBT category for Msg3 via the UL grant field in the RAR without increasing the size. 
[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Find a draft LS in [3].
Conclusion
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 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	The gNB signals LBT category to a UE in DCI for a PUSCH transmission with a dynamic grant.
Observation 6	Channel access type and channel access priority class are signaled via uplink grant in DCI for dynamic scheduling in LTE LAA.
Observation 7	In NR-U LBT category can be carried via the UL grant field in the RAR message.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	RAN2 prefer to not increase RAR PDU size and want to signal the LBT category for Msg3 via the UL grant field in the Rel.15 RAR.
Proposal 2	RAN2 sends a LS to RAN1 asking if it is feasible to signal the LBT category for Msg3 via the UL grant field in the RAR without increasing the size.
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