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1 Introduction
During the SI [1] it was agreed that RACH can be enhanced by providing additional opportunities for Msg3 transmission. In this contribution we discuss the following aspects of Msg3 transmission in unlicensed spectrum:
· Signaling additional opportunities for Msg3
2 Discussion
According to the current RA procedure, initial tranmsission of Msg3 is scheduled by RAR and the UL grant in the RAR indicate the time and frequency resources for Msg3 transmission. As shown in Figure 1, if RAR is received in slot 'N', the UL grant in RAR corresponds to the slot 'N+K2+Delta' where 'Delta' is pre-defined for Msg3 SCS. K2 is indicated by the 'Msg3 PUSCH time resource allocation' field of UL grant. 

· Msg3 PUSCH time resource allocation’ field value m indicates a row index m+1 to the list PUSCH-TimeDomainResourceAllocationList signalled by RRC. The indexed row defines the slot offset K2 and starting symbol(S) and number of symbols (L) of allocated UL grant.
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Figure 1
There are several ways in which multiple transmission opportunities can be signaled for Msg3 transmission.
Approach 1: Network can transmit multiple RAR MAC PDUs each including a RAR MACsubPDU corresponding to same Msg1 in RAR window as shown in Figure 2. After receiving an RAR successfully corresponding to its transmitted PRACH preamble, UE can continue monitoring the RAR window for additional RAR corresponding to its transmitted PRACH preamble. In this approach,

·     no change in RAR MAC PDU format is needed;

·     requires tranmsission of additional PDCCHs/RAR MAC PDUs which may or may not be    possible depending on LBT outcome at gNB side;
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Figure 2
Approach 2:   Network can transmit RAR MAC PDU including multiple RAR MAC subPDUs corresponding to same Msg1 in RAR window as shown in Figure 3. UE can obtain multiple RAR corresponding to its transmitted PRACH preamble from same RAR MAC PDU in this case. In this approach,

·    no change in RAR MAC PDU format is needed;

·    additional PDCCHs/RAR MAC PDUs are not needed; 
·    there is overhead of unnecessarily transmitting TA command, T-CRNTI and UL grant parameters (other than  'Msg3 PUSCH time resource allocation' ) multiple times;
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Figure 3
Approach 3:  UL Grant contents can be modified to include multiple 'Msg3 PUSCH time resource allocation' fields as shown in Figure 4.
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Figure 4
In this approach, 
· change in RAR MAC PDU format (i.e. size of UL grant field needs to be increased) is needed;
· additional PDCCHs/RAR MAC PDUs are not needed;
· TA command and T-CRNTI and UL grant parameters (other than  'Msg3 PUSCH time resource allocation' ) are not transmitted multiple times;
Approach 4: PUSCH-TimeDomainResourceAllocationList signalled by RRC can be modified to indicate information about the multiple slot in which UL Grant is applicable. An example of such modification is shown in Figure 5, where duration field is added to PUSCH-TimeDomainResourceAllocationList. In this approach,

·    no change in RAR MAC PDU format is needed;

·    additional PDCCHs/RAR MAC PDUs are not needed; 

·   TA command and T-CRNTI and UL grant parameters (other than  'Msg3 PUSCH time resource allocation' ) are not transmitted multiple times;
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Figure 5
It is to be noted that adding a duration field in PUSCH-TimeDomainResourceAllocationList is just an example. If additional opportunities are not required in consecutive slots, additional information such as bitmap or offset can be additional signaled.

Table 1 summarises pros/cons of each approach discussed above. Approach 1 does not always work as it requires tranmsission of additional PDCCHs/RAR MAC PDUs which may or may not be possible depending on LBT outcome at gNB side. So either approach 2 or approach 4 should be used as these does not require modification of RAR MAC PDU format. So, we propose to follow approach 2 or 4 for allocating additional transmission opportunities for Msg3.
Table 1

	
	RAR MAC PDU Format Change is needed
	Additional PDCCHs/RAR MAC PDUs are needed
	Overhead of unnecessarily transmitting TA command, T-CRNTI and UL grant parameters

	Approach 1
	No
	Yes
	Yes

	Approach 2
	No
	No
	Yes

	Approach 3
	Yes
	No
	No

	Approach 4
	No
	No
	No


Proposal 1: RAR MAC PDU format is not modified for providing additional transmission opportunities for Msg3.
Proposal 2: Adopt approach 2 for providing additional transmission opportunities for Msg3.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: RAR MAC PDU format is not modified for providing additional transmission opportunities for Msg3.

Proposal 2: Adopt approach 2 for providing additional transmission opportunities for Msg3.

4 References
[1] TR 38.889, “Study on NR-based Access to Unlicensed Spectrum”
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