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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#110bis-e we made the following agreements:

Agreement
· For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.

Agreement
· For multiple PRACH transmissions with same beam, at least ROs located at different time instances can be utilized for the transmissions.
· FFS: whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
· FFS: whether/how multiple PRACH transmissions located in the same time instance, e.g., for UEs with multiple Tx chains.

Agreement
For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options.
· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.

This contribution discusses some considerations on using multi PRACH transmissions.

2. Discussions

2.1 Resources for Multi PRACH Transmissions
2.1.1 RACH Occasions
In the previous meeting, two RACH Occasions (RO) options for multi PRACH transmissions were considered [1], i.e.:

· Each PRACH transmission of the multi PRACH transmissions occupies one RO, that is the multi PRACH transmissions use multiple ROs
· Use an RO structure similar to that in NB-IoT, where the RO spans multiple slots and all PRACH transmissions of the multi PRACH transmissions use a single RO. 


In the legacy system, PRACH is transmitted using RACH Occasions (RO) which reside in PRACH slots and are configured by the network, where each RO is used for a single PRACH transmission including PRACH with repetitive preambles.  For multi PRACH transmission, we should continue to use one PRACH transmission per RO, where each transmission of a Multi PRACH transmissions is transmitted in a different RO.  This would avoid having to specify new types of ROs, e.g. one that occupy several PRACH slots thereby reducing specs impact.  In contrast the RO structure similar to that in NB-IoT would require redefining the existing RO structure and would increase the complexity of the specifications without justified benefit.

Proposal 1: Each transmission in a multi PRACH transmission is transmitted in a different RACH Occasion, i.e., multi PRACH transmissions would use multiple RACH Occasions. 


2.1.2 Differentiating multi PRACH transmissions from legacy PRACH
In differentiating multi PRACH transmissions from legacy PRACH transmissions, the following two options were considered in the previous meeting [1]:

· Option A: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option B: Multiple PRACH are transmitted on separate ROs with separate or shared preamble.

Since a RACH attempt using multi PRACH transmissions uses more ROs than a RACH attempt using legacy (single) PRACH transmission, we expect more ROs are required to support multi PRACH transmissions.  Hence, rather than strictly using separate ROs or shared ROs as in Option A and Option B, we can have 3 sets of ROs:
· 1st set of ROs for legacy PRACH transmission
· 2nd set of ROs for multi PRACH transmissions
· 3rd set of ROs shared between legacy PRACH and multi PRACH transmissions

Additional ROs can be defined and configured for the 2nd set of ROs used solely for multi PRACH transmissions.  One or more of the multi PRACH transmissions can use the 3rd set, for example, the 1st PRACH transmission of a multi PRACH transmissions can use the 3rd set.  The 3rd set is optional and up to gNB configuration, e.g. if the gNB wishes to have more ROs for legacy PRACH it can configure the 3rd set of ROs. An example is shown in Figure 1 with 16 ROs.  RO1 to RO8 are associated with SSB1 and RO9 to RO16 are associated with SSB2, and the ROs are partitioned as:

· SSB1
· 1st set of RO = {RO1, RO3, RO5, RO7}
· 2nd set of RO = {RO4, RO6, RO8}
· 3rd set of RO = {RO2}
· SSB2
· 1st set of RO = {RO10, RO12, RO13, RO15}
· 2nd set of RO = {RO11, RO14, RO16}
· 3rd set of RO = {RO9}

A UE that has selected a beam associated with SSB1 can use {RO2, RO4, RO6, RO8} for a multi PRACH transmissions with 4 repetitions, where RO2 is shared between legacy (single) PRACH transmission and multi PRACH transmission.  Frequency hopping can be implemented for multi PRACH transmission by using ROs with different frequency location for a subset of the multi PRACH transmissions, for example multi PRACH transmission with 4 repetitions can use {RO9, RO11, RO14, RO16}. 
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[bookmark: _Ref118367204]Figure 1: RO partitioning

Proposal 2: The gNB can configure 3 sets of ROs to support multi PRACH transmissions and legacy (single) PRACH transmission, i.e.:

· 1st set of ROs for legacy PRACH transmission
· 2nd set of ROs for multi PRACH transmissions
· 3rd set of ROs shared between legacy PRACH and multi PRACH transmissions.  The 3rd set of ROs is optional.


2.2 RAR Monitoring
Two options were proposed in the previous meeting on RAR monitoring for a multi PRACH transmission:

· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· Option 2: Only one RAR window for all of the multiple PRACH transmission.

The RAR window starts at the first available PDCCH Type 1 CSS after a PRACH transmission.  It should be noted that the RAR window size and the periodicity of PDCCH Type 1 CSS are separately configured from the RACH Occasions.  Hence, after a PRACH transmission in an RO, they may or may not be a RAR window.  Therefore, for Option 1, they may not always be a RAR window after each PRACH transmission and for cases where there is none, the UE should just proceed with the next PRACH transmission.  An example is shown in Figure 2, where the UE performs a multi PRACH transmissions with 4 repetitions using RO1, RO2, RO3 and RO4.  After the 1st PRACH transmission in RO1, there are no PDCCH Type 1 CSS between RO1 and RO2 and in this case, the UE should just proceed to transmit the 2nd PRACH transmission in RO2.  The UE can then monitor for RAR after the 2nd PRACH transmission.

[image: ]
[bookmark: _Ref118371010]Figure 2: Availability of RAR window


Observation 1: The RAR window is separately configured from RACH Occasions and there may not always be a RAR window after each RACH Occasion.

Proposal 3: For Option 1, where the UE monitors one RAR window after each PRACH, if there is no RAR window available after a PRACH transmission, the UE proceeds to transmit the next PRACH transmission.


For Option 2, the UE monitors one RAR window per RACH attempt of a multi PRACH transmission.  Since the RAR window is independently configured from the ROs, the RAR window can appear anywhere during the multi PRACH transmissions.  An example is shown in Figure 3, where a multi PRACH transmission with 4 repetitions is transmitted using RO1, RO2, RO3 and RO4.  During the multi PRACH transmission, the RAR window appears after RO2, i.e. after the 2nd PRACH transmission.
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[bookmark: _Ref118371519]Figure 3: RAR window appears during a RACH attempt of a multi PRACH transmissions
Observation 2: For Option 2, where the UE monitors only 1 RAR window per RACH attempt of a multi PRACH transmission, the RAR window can appear during the multi PRACH transmissions.


In both Option 1 and Option 2, the UE should monitor for the RAR whenever the RAR window is available.  This enables for early termination of the multi PRACH transmission.  For Option 2, the UE can continue to monitor the same RAR window for RAR if that RAR window spans multiple ROs. Using the example in Figure 3, the UE would monitor for RAR after RO2, RO3 and RO4 since the RAR window spans multiple ROs.

Observation 3: Monitoring RAR during an ongoing multi PRACH transmission enables the gNB to early terminate a multi PRACH transmission if the gNB successfully receives the PRACH prior to the completion of the multi PRACH transmission.

Proposal 4: The UE monitors for a RAR whenever RAR window is available during a multi PRACH transmission.


Between Option 1 and Option 2, we have a preference for Option 1 since it follows the legacy behaviour and provides more opportunity for early termination of a multi PRACH transmission.

Proposal 5: For RAR monitoring, support Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.  If RAR window is not available after a PRACH transmission, the UE proceeds with the next PRACH transmission.


3. Conclusion
In this contribution, we discuss some considerations on Multi PRACH transmissions, we observe the following:
Observation 1: The RAR window is separately configured from RACH Occasions and there may not always be a RAR window after each RACH Occasion.

Observation 2: For Option 2, where the UE monitors only 1 RAR window per RACH attempt of a multi PRACH transmission, the RAR window can appear during the multi PRACH transmissions.

Observation 3: Monitoring RAR during an ongoing multi PRACH transmission enables the gNB to early terminate a multi PRACH transmission if the gNB successfully receives the PRACH prior to the completion of the multi PRACH transmission.


We therefore propose the following:
Proposal 1: Each transmission in a multi PRACH transmission is transmitted in a different RACH Occasion, i.e., multi PRACH transmissions would use multiple RACH Occasions. 

Proposal 2: The gNB can configure 3 sets of ROs to support multi PRACH transmissions and legacy (single) PRACH transmission, i.e.:

· 1st set of ROs for legacy PRACH transmission
· 2nd set of ROs for multi PRACH transmissions
· 3rd set of ROs shared between legacy PRACH and multi PRACH transmissions.  The 3rd set of ROs is optional.

Proposal 3: For Option 1, where the UE monitors one RAR window after each PRACH, if there is no RAR window available after a PRACH transmission, the UE proceeds to transmit the next PRACH transmission.

Proposal 4: The UE monitors for a RAR whenever RAR window is available during a multi PRACH transmission.

Proposal 5: For RAR monitoring, support Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.  If RAR window is not available after a PRACH transmission, the UE proceeds with the next PRACH transmission.
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