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Discussion and Decision
1
Introduction
In RAN1 NR-AH#2, the issue of multiple Msg. 1 transmissions was discussed and the related agreements were made as follows [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 


RAN1 did the agreement for the contention free case but not for contention based case.  The contention based case may be further discussed in RAN1 if needed.  In this contribution, we would like to discuss the details of RAR operation for contention free case.
2 Discussion
2.1
The number of RAR Window
Due to the multiple preamble (Msg. 1) transmissions, it is straightforward that each preamble may trigger an RAR Window respectively [4].   However, the window is only for UE to monitor the RAR so the union of multiple RAR window can be regarded as a longer RAR Window.  So, one RAR window may be enough for UE to monitor the one RAR or multiple RARs [2][3].  Two alternatives are listed below:
Alt. 1:  One RAR Window [2][3]

Alt. 2:  Multiple RAR Windows [4]

If only one RA-RNTI is used, one RAR Window is the same as multiple RAR Windows.  If multiple RA-RNTIs are used, the main difference between Alt.1 and Alt. 2 is the power consumption in terms of the blindly decoding.  That is, for the non-overlapping period of two RAR Windows, UE does not need to use all RA-RNTIs to do blindly decoding.   Since the purpose of the multiple preamble transmissions scheme is for gNB to detect the Tx beam of UE due to the Tx beam seeping of UE, and is to increase the reliability of preamble for reducing the latency of RA procedure, the PRACH resources in time domain should be not far away.  Therefore, multiple RAR Windows do not bring much power gain due to the non-overlapped period is not too much.  Instead, it increase some overhead for UE to maintain multiple timers.  So we propose that only one RAR Window is configured and used for multiple preamble transmissions.
Proposal 1:   Only one RAR Window is configured and used for multiple preamble transmissions

2.2
The start time of RAR Window
Based on the proposal 1, the starting of the RAR Window could be based on the first preamble transmission occasion [2] or the last preamble transmission occasion [3]:

Alt. 1:  after the first preamble transmission occasion [2]
Alt. 2:  after the last preamble transmission occasion [3]
Alt. 1 can reduce the latency between Msg. 1 and Msg. 2 especially for URLLC low latency requirement.  The only thing needs to be noted by gNB is that gNB needs to configure longer window length than the time for all multiple preamble transmissions.   Once gNB detects the preamble, gNB can early reply the RAR before detecting the other preambles.   In the other hand, when UE receives the corresponding RAR before all preamble transmissions, UE should be allowed to stop the remaining preamble transmissions. So, we propose that the RAR window starts a fixed duration after the first preamble transmission occasion.
Proposal 2:   The RAR window starts a fixed duration after the first preamble transmission occasion. 

Proposal 2b:   UE stops transmitting the remaining preamble(s) when UE receives the RAR successfully corresponding to the transmitted preamble.  

2.3
The number of RAR reception 
The current RAN1 agreement is only for contention free case.  In addition, the main purpose of the multiple preamble transmissions scheme is for gNB to detect the Tx beam of UE due to the Tx beam seeping of UE, and is to increase the reliability of preamble for reducing the latency of RA procedure.   Therefore, once gNB regards a preamble reception is good enough, gNB can reply the RAR without waiting for the other preamble reception.  In the other hand, UE only needs to monitor one RAR without monitor all possible RARs during the RAR windows.  Once UE receives the corresponding RAR, UE can stop monitoring the other possible RARs. 
Proposal 3:   As a baseline, only one RAR successfully reception is enough.

Proposal 3b:   When UE receives the corresponding RAR successfully, UE stops monitoring the RAR during the RAR window.
2.4
The number of RA-RNTI

The one of the purpose of multiple preamble transmission scheme is for gNB to detect the Tx beam of UE due to Tx beam sweeping of the UE.   After UE transmits preambles, gNB detects the preamble(s) and selects the preferred Tx beam of UE, which is corresponding to PRACH resource.  Then, gNB needs to notify UE the selection results by RAR.  Three possible mechanisms are discussed below:
Alt. 1:  multiple RA-RNTIs
Alt. 2:  one RA-RNTI with multiple preamble codes 
Alt. 3:  one RA-RNTI with an indicator in RAR 
For Alt. 1, UE derives the each RA-RNTI based on each PRACH resource (e.g., time domain in LTE FDD), and UE blindly detects the PDCCH of RAR by using all RA-RNTIs during the RAR window to know which preamble is preferred by gNB.  It consumes the UE more power to do blindly decoding comparing with one RA-RNTI.  

For Alt. 2, when UE transmits multiple preambles, it uses different dedicated preamble codes.  The gNB can indicate the preferred preamble by RAPID (preamble ID) in the RAR.  UE only needs maintain one RA-RNTI.  This alternative can reduce the UE power consumption in terms of blindly decoding comparing with Alt. 1.  However, it may consume many dedicated preamble codes especially for contention free case. 
For Alt. 3, UE only maintains one RA-RNTI and the gNB indicates the preferred preamble by an indicator in the RAR.  The indicator could be the index of the PRACH resources which are configured by gNB.  This alternative can have the benefits in terms of less blindly decoding and less dedicated preamble reservation, but it needs a new indicator in RAR format. 
Since Alt. 1 needs more blindly decoding and Alt. 2 consumes more dedicated preamble codes, we prefer to adopt Alt. 3.  On the other hand, if the multiple preamble transmission is for reliability of preamble, it does not need gNB to indicate which preamble is preferred, i.e., one RA-RNTI is enough. As a result, we have the following proposals:
Proposal 4:   Only one RA-RNTI is enough for multiple preamble transmissions.

Proposal 4b:   RAR can contain an indicator to indicate which RACH transmission occasion is successfully received by gNB.

2.5
The calculation of RA-RNTI

As mentioned in the previous section, one RA-RNTI is enough.   Furthermore, the RA-RNTI can be derived based on the first RACH transmission occasion or the last RACH transmission occasion.  In addition, the RA-RNTI could be calculated based on the RACH transmission occasion which is indicated by gNB.  Three possible calculations are listed below:
Alt. 1:  RA-RNTI is based on the first RACH transmission occasion.
Alt. 2:  RA-RNTI is based on the last RACH transmission occasion.
Alt. 3:  RA-RNTI is based on the RACH transmission occasion which gNB indicates.
Since the multiple Msg. 1 transmissions is configured by gNB (RAN1 agreement), the RACH transmission occasion (PRACH resource) is also configured by gNB.  Therefore, the RACH transmission occasions are known by UE and gNB.  Among Alt. 1, 2 and 3, we do not see much difference, we prefer a simple way to calculate the RA-RNTI, i.e., Alt. 1.
Proposal 5:   RA-RNTI is calculated based on the first RACH transmission occasion. 
3 Conclusions
In this contribution, we give the following proposals:
Proposal 1:   Only one RAR Window is configured and used for multiple preamble transmissions

Proposal 2:   The RAR window starts a fixed duration after the first preamble transmission occasion. 

Proposal 2b:   UE stops transmitting the remaining preamble(s) when UE receives the RAR successfully corresponding to the transmitted preamble.  

Proposal 3:   As a baseline, only one RAR successfully reception is enough.

Proposal 3b:   When UE receives the corresponding RAR successfully, UE stops monitoring the RAR during the RAR window.
Proposal 4:   Only one RA-RNTI is enough for multiple preamble transmissions.

Proposal 4b:   RAR can contain an indicator to indicate which RACH transmission occasion is successfully received by gNB.

Proposal 5:   RA-RNTI is calculated based on the first RACH transmission occasion. 
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