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According to the discussion on the RACH procedure in the NR-U SI phase, RAN2 made the following agreement:
	For NR-U, RACH can be enhanced by additional opportunities. The additional opportunities should apply to msg1 and msg3.


In this contribution, we provide more details on how to provide additional opportunities for msg3.
Discussion 
Single or multiple UL grant(s)
According to the current 38.321 specification as quoted in the Annex A, there is only one single uplink grant field (i.e. 27bits). The detailed field descriptions (e.g. frequency domain resource allocation, time domain resource allocation, SCS and so on) of the uplink grants are given in the specifications of 38.211, 38.212, 38.213 and 38.214. Given that the uplink resource allocation type 1 and the DCI format 0_0 is used for the uplink grant of the RAR. Here we could have the following two options in a MAC RAR:
· Option 1: A single uplink grant including more than one transmission opportunities.
· Option 2: More than one uplink grants in which each uplink grant indicates a single transmission opportunity.
For Option 1, the RAN2 impacts on the MAC RAR would be minimized, as RAN1 can determine how to indicate more than one opportunities in an uplink grant.
For Option 2, RAN1 still needs to discuss how many uplink grants can be provided, and the detailed resource allocations of both frequency domain and the time domain for each uplink grant. RAN2 needs to discuss how to multiplex more than one uplink grants in one MAC RAR.
Proposal 1: RAN2 is kindly requested to discuss which one of the following options is used to indicate the multiple transmission opportunities for Msg3:
· Option 1: One MAC RAR includes one uplink grant which can indicate more than one transmission opportunities.
· Option 2: One MAC RAR includes more than one uplink grants.
Multiple opportunities in different frequency domain or time domain
As the Msg3 already supports HARQ re-transmission, supporting multiple opportunities in time domain seems not very essential. However allowing multiple opportunities in different frequency domains (e.g. different cells) are beneficial for mitigating the LBT impacts of Msg3 transmission.
Observation 1: Whether to allow multiple opportunities in frequency domain or time domain can be discussed further in RAN1.
Selection of multiple opportunities
As the multiple transmission opportunity is used to mitigate the LBT impacts, one single opportunity would be used if the channel access of an opportunity succeeds. The single transmission opportunity discussed in this section could be with/without repetition transmission of the PUSCH, which can be discussed further in RAN1. To select a single transmission opportunity, we could have the following two options:
· Option 1: The MAC indicates the PHY of all opportunities indicated in the MAC RAR and the Msg3 MAC PDU. The PHY selects one opportunity for Msg3 transmission based on the LBT result.
· Option 2: Firstly the MAC indicates the PHY of all opportunities indicated in the MAC RAR for LBT. Secondly the PHY indicates the LBT result (i.e. successful or not) to the MAC. Finally the MAC indicates one selected opportunity (i.e. from all LBT successful opportunities) and the MAC PDU to the PHY for Msg3 transmission.  
According to the descriptions given above, it seems that Option 1 leads to less RAN2 specification impacts and interactions between the MAC and the PHY. Thus we prefer Option 1.
Proposal 2: The MAC indicates the PHY of all uplink transmission opportunities as indicated in the MAC RAR.
Proposal 3: The PHY selects one uplink transmission opportunity for Msg3 based on the successful LBT.
Transport block size and HARQ process
To avoid generating different MAC PDU(s), the transport block size has to be the same for multiple opportunities in the MAC RAR. The MAC only generates one single MAC PDU which is indicated to the PHY.
Proposal 4: The transport block size is the same for multiple opportunities in the MAC RAR.
Proposal 5: The MAC generates a single MAC PDU which is indicated to the PHY.
As only one opportunity is used for Msg3 transmission, there is no need to introduce more than one HARQ processes. Thus we consider that RAN2 can probably confirm that a single HARQ process (i.e. HARQ process 0) is used for the Msg3 transmission. Then RAN1 does not have to indicate the HARQ process ID in the uplink grant while multiple transmission opportunities are included in the MAC RAR.
Proposal 6: RAN2 is kindly requested to confirm that a single HARQ process (i.e. HARQ process 0) is used for the Msg3 transmission.
Msg3 re-transmission
If none of the channel access of the multiple transmission opportunities succeeds, we think that the UE can rely on the Msg3 HARQ re-transmission indicated by the DCI of T-C-RNTI. Then RAN1 can also discuss how to indicate more than one transmission opportunities in the DCI of T-C-RNTI.
Observation 2: More than one transmission opportunities in the DCI of T-C-RNTI for Msg3 HARQ re-transmission can be discussed in RAN1.
Conclusions
Based on the analysis given above, we have the following Observations and Proposals：
Observation 1: Whether to allow multiple opportunities in frequency domain or time domain can be discussed further in RAN1.
Observation 2: More than one transmission opportunities in the DCI of T-C-RNTI for Msg3 HARQ re-transmission can be discussed in RAN1.
Proposal 1: RAN2 is kindly requested to discuss which one of the following options is used to indicate the multiple transmission opportunities for Msg3:
· Option 1: One MAC RAR includes one uplink grant which can indicate more than one transmission opportunities.
· Option 2: One MAC RAR includes more than one uplink grants.
Proposal 2: The MAC indicates the PHY of all uplink transmission opportunities as indicated in the MAC RAR.
Proposal 3: The PHY selects one uplink transmission opportunity for Msg3 based on the successful LBT.
Proposal 4: The transport block size is the same for multiple opportunities in the MAC RAR.
Proposal 5: The MAC generates a single MAC PDU which is indicated to the PHY.
Proposal 6: RAN2 is kindly requested to confirm that a single HARQ process (i.e. HARQ process 0) is used for the Msg3 transmission.
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Annex A
The following MAC RAR format is extracted from 38.321 [1]. The UL grant includes 27bits. Each MAC RAR is indicated/differentiated by the RAPID field. 
	

Figure 6.2.3-1: MAC RAR





	
image1.emf
Timing Advance Command Oct 1

UL Grant Oct 2

UL Grant Oct 3

UL Grant Oct 4

Temporary C-RNTI

Oct 5

Temporary C-RNTI

Oct 6

Timing Advance Command

UL Grant

Oct 7

R


Microsoft_Visio___1.vsdx
Timing Advance Command

Oct 1
UL Grant
Oct 2
UL Grant
Oct 3
UL Grant
Oct 4
Temporary C-RNTI
Oct 5
Temporary C-RNTI
Oct 6
Timing Advance Command
UL Grant
Oct 7
R



