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1  Introduction
Random access with multiple Msg1 transmissions was discussed in last RAN2 meeting, which is expected to be beneficial for the beam sweeping. However, no conclusion was achieved because RAN2 expected RAN1 to make the final decision on whether it is supported or not. In the last RAN1 meeting, the following agreements were made regarding this issue [1]
Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.

· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access

· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 

Furthermore RAN2 agreed [2]
· The RAR window starts a fixed duration after the preamble transmission occasion, irrespective of if there are several PRACH configurations.  

In accordance with the progress made in RAN1, in this paper, we will discuss RAR reception for multiple Msg1 transmissions and provide our initial considerations from RAN2 perspective.
2  Multiple Msg1 transmission
In LTE, one COUNT has two functions for contention-free random access, i.e. for power ramping and for counting of unsuccessfully random access attempts. More analysis of impacts on power ramping can be found in [2]. If the COUNT for counting of unsuccesful attempts has reached the maximum number of preamble transmissions, i.e.ra-PreambleTx-max, the UE shall consider the Random Access procedure unsuccessfully completed, i.e. discard explicitly signalled dedicated preamble. In case of multiple Msg1 transmission, it is likely to reach the limit ra-PreambleTx-max if the COUNT is increased by one with each Msg1 transmission before the end of a RAR window. To avoid this problem, the COUNT is increased by one even with multiple Msg1 transmissions. Hence we propose
Proposal 1: In case of multiple MSG1 transmissions, the COUNT for preamble transmissions is increased by one even with multiple Msg1 transmissions before the end of a RAR window.

3  RAR reception for Multiple Msg1 transmission
3.1 The start point of RAR window
Based on above RAN1 agreement, we observe that the following two types of Multiple Msg1 transmission are supported.

· Alt 1: multiple Msg1 are transmitted with same UE Tx beam

· Alt 2: multiple Msg1 are transmitted with different UE Tx beams

Then, the use cases for multiple Msg1 transmissions can be concluded by the combination of different alternative and beam correspondence. For instance, if beam correspondence does hold at UE but not at TRP, alt 1 can be used for the TRP to obtain the best TRP Rx beam by switching the Rx beam. However, if beam correspondence does not hold at UE but does hold at TRP, alt 2 can be used for the TRP to obtain the best UE Tx beam during the procedure of beam sweeping. 
Moreover, RAN2 agreed “The RAR window starts a fixed duration after the preamble transmission occasion”. However we think it is still unclear for multiple Msg1 transmissions under the assumption of a single RA procedure and RAR window, and different understandings could be derived as shown in figure 1.

· Option 1: RAR window starts a fixed duration after the preamble transmission occasion for first Msg1 transmission

· Option 2: RAR window starts a fixed duration after the preamble transmission occasion for last Msg1 transmission 

Regarding different use cases, Option1 may be beneficial for the random access latency reduction on RAR reception for UEs by alt 1 in the use case of TRPs with beam correspondence. The TRP is able to recognize the best TRP Rx beam by comparing the signal strength of different Rx beams. However, it may not be applicable for alt 2 in other cases of TRPs without beam correspondence. The reason is that TRP may not be able to identify the best UE Tx beam until all Msg1 has been decoded. In that case the TRP will send the RAR after all Msg1 has been transmitted by UE. From the perspective of power saving and UE complexity, it is more suitable to adopt Option 2. Moreover, in order to achieve the unified framework for the start of RAR window for multiple Msg1 transmission applied for both al1 and alt2, we also prefer to adopt Option2. Otherwise, MAC operation will become more complex for different use cases. 
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Figure1: the start of RAR window

Proposal 2: RAR window starts a fixed duration after the preamble transmission occasion for the last Msg1 transmission.

3.2 RNTI for RAR reception

In LTE, the MAC entity uses the RA-RNTI to receive RAR. We believe this is also applicable to NR in presence of multiple Msg1 transmissions. For multiple Msg1 transmission, the question arises whether the UE needs a RA-RNTI or multiple RA-RNTIs to receive the RAR. Considering UE decoding complexity, one RA-RNTI is preferred over multiple RA-RNTIs. However it should be decided finally by RAN1 on detail of RA-RNTI calculation for multiple Msg1 transmission. 
Proposal 3: In case of multiple MSG1 transmissions, Msg2 reception uses a RA-RNTI rather than multiple RA-RNTIs. The detail of this RA-RNTI calculation is decided by RAN1.

3.3 One or multiple RARs

For the Msg1 transmission with alt 1, since the UE transmits the preambles with the same UE Tx beam, it is straightforward to conclude that only one RAR is enough. 
Observation 1: In case of multiple MSG1 transmissions with same UE Tx beam, one RAR is enough.
For the Msg1 transmission with alt 2, multiple TRPs within a cell may detect the Msg1 transmission if associations between multiple SS-blocks for different TRPs and dedicated RACH resource and/or preamble indices are supported. The gNB can identify the UE based on any Msg1. 
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Figure 2: RAR reception in multi-TRP case (option2)
Observation 2: In case of multiple MSG1 transmissions with different UE Tx beam, multiple TRP may detect the Msg1.
The question is whether each TRP can send its RAR including at least TA and UL grant for multiple Msg1 transmission with alt2. Three options are available as showed in figure 2.

· Option 1: each TRP can send its RAR, as shown in figure 2(a).

· Option 2: all RARs for different TRPs within a MAC PDU can be sent by a TRP, as shown in figure 2(b).
· Option 3: only a RAR for a TRP can be sent by a TRP, as shown in figure 2(c).
RAN1 is considering scenarios including TRPs connected with ideal and non-ideal backhaul link. If TRPs are connected with non-ideal backhaul link, it is likely that there is not enough time for negotiation between TRPs on the detected TAs by different TRPs, in that case option 1 may be used; if TRPs is connected with ideal backhaul link, option 1/2/3 can be used. For option 2, new RAR format with multiple TAs and UL grants for multiple Msg1 transmission will be introduced. From this point, this option is not preferred. 

For option 1/3, in order to reduce the UE complexity and latency, only a RAR with a TA and a UL grant is expected by UE even multiple TRP can detect the Msg1 and send the RAR. Meanwhile the UE stops monitoring PDCCH after successful reception of a RAR containing the matched preamble index using a RA-RNTI.

Proposal 4: In case of multiple MSG1 transmissions, a RAR includes a TA, an UL grant for contention-free random access. 
Proposal 5: It is not needed for the UE to receive multiple RARs within a RAR window corresponding to multiple MSG1 transmissions. 
Proposal 6: In case of multiple MSG1 transmissions, the MAC entity may stop monitoring for RAR after successful reception of a RAR containing the matched preamble index.
4  Conclusion

This contribution discusses RAR reception for multiple Msg1 transmission and has the following observations and proposals:
Observation 1: In case of multiple MSG1 transmissions with same UE Tx beam, one RAR is enough.
Observation 2: In case of multiple MSG1 transmissions with different UE Tx beam, multiple TRP may detect the Msg1.
Proposal 1: In case of multiple MSG1 transmissions, the COUNT for preamble transmissions is increased by one even with multiple Msg1 transmissions before the end of a RAR window.

Proposal 2: RAR window starts a fixed duration after the preamble transmission occasion for the last Msg1 transmission.

Proposal 3: In case of multiple MSG1 transmissions, Msg2 reception uses a RA-RNTI rather than multiple RA-RNTIs. The detail of this RA-RNTI calculation is decided by RAN1.

Proposal 4: In case of multiple MSG1 transmissions, a RAR includes a TA, an UL grant for contention-free random access. 
Proposal 5: It is not needed for the UE to receive multiple RARs within a RAR window corresponding to multiple MSG1 transmissions. 

Proposal 6: In case of multiple MSG1 transmissions, the MAC entity may stop monitoring for RAR after successful reception of a RAR containing the matched preamble index.
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