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1 Introduction

During the NR SI, multi-beam based 4-step random access procedure was discussed. In this contribution we given an overview of how PRACH preamble is transmitted according to RAN1 agreements and discuss aspects related to access delay in contention free scenario (e.g. during handover) due to beamformed random access procedure when there is no TX/RX beam correspondence at UE.
2 Discussion
2.1 PRACH Preamble Transmission

PRACH preamble is transmitted in a RACH TX occasion. According to RAN1 agreements in [1], for 4-step RACH procedure, a RACH TX occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular TX beam. 

·  Figure 1A shows the format for single PRACH preamble transmission. For multi-beam operation, this is can be used in scenario where there is TX/RX beam correspondence (see annex for details) at the gNB. UE does not need to repeat the PRACH preamble transmission for RX beam sweeping at gNB. 
·  Figure 1B shows the format for transmitting PRACH preamble multiple times. This can be used in case there is TX/RX beam correspondence at the gNB. UE needs to repeat the PRACH preamble transmission for RX beam sweeping at gNB.
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Figure 1

Observation 1: For multi beam operation, in a RACH transmission occasion UE transmits using a single TX beam.
Observation 2: For multi beam operation, in a RACH transmission occasion UE can repeat transmission of a PRACH preamble using same TX beam. Whether UE needs to repeat or not is controlled by network. 

2.2 Access Delay

If TX/RX correspondence is there at UE, then UE is able to determine a UE TX beam for the PRACH transmission based on UE’s downlink measurement on UE’s one or more RX beams. According to RAN1 agreements, TX/RX beam correspondence at UE does not always hold and it depends on UE capability.

Observation 3: Tx/Rx beam correspondence at UE does not always hold and it depends on UE capability.

For contention free scenario e.g. handover, UE is configured with a dedicated preamble. If TX/RX correspondence is not there at UE then UE needs to transmit PRACH message 1 i.e. dedicated PRACH preamble using multiple UE TX beams as UE does not know the specific UE TX beam, transmision from which can be received by gNB. As shown in Figure 2, UE transmits PRACH message 1 using a UE TX beam in RACH transmission ocassion and wait for RAR in RAR window. If RAR is not received, UE transmit PRACH message 1 using another UE TX beam in another RACH transmission ocassion and so on. This may significantly delay access to target cell.
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Figure 2 Single Msg. 1 Transmission before RAR window
Observation 4: PRACH preamble transmission in only one RACH transmission occasion before monitoring the RAR window may significanlt delay access to target cell, if there is no TX/RX beam correspondence at UE.
The delay can be reduced if UE is allowed to transmit PRACH preamble in more than one RACH transmission occasion before monitoring the RAR window. Two examples of Multiple Msg. 1 transmissions before RAR window is illustrated in Figure 3A and Figure 3B. In Figure 3A, UE transmits Msg. 1 in RACH transmission occasions which are configured in frequency domain. This is possible only if UE has multiple antenna panels as UE can generate beam in only one direction using a single antenna panel. In Figure 3B, UE transmits Msg. 1 in RACH transmission occasions which are configured in time domain. A UE without beam correspondence can transmit Msg. 1 via different UL TX beams in different RACH TX occasion and access the target cell with less delay.
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Figure 3 Multiple Msg. 1 transmissions before RAR window
It is to be noted that no additional RACH resources are needed for supporting multiple Msg. 1 transmissions. UE uses the dedicated RACH preamble/resource assigned to it for transmitting Msg. 1 using different TX beams. Multiple Msg. 1 transmissions do not increase collisions as UE is using the dedicated RACH preamble/resource assigned to it.
Proposal:   For multi-beam operation, PRACH preamble transmission in multiple RACH transmission occasions before monitoring the RAR window should be supported for contention free random access procedure.
3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Observation 1: For multi beam operation, in a RACH transmission occasion UE transmits using a single TX beam.
Observation 2: For multi beam operation, in a RACH transmission occasion UE can repeat transmission of a PRACH preamble using same TX beam. Whether UE needs to repeat or not is controlled by network. 

Observation 3: Tx/Rx beam correspondence at UE does not always hold and it depends on UE capability
Observation 4: PRACH preamble transmission in only one RACH transmission occasion before monitoring the RAR window may significanlt delay access to target cell, if there is no Tx/Rx beam correspondence at UE.
Proposal:   For multi-beam operation, PRACH preamble transmission in multiple RACH transmission occasions before monitoring the RAR window should be supported for contention free random access procedure.
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5 Annex: TX/RX Beam Correspondence

According to RAN1 agreements in TR 38.802, Tx/Rx beam correspondence at TRP and UE is defined as follows:
-
Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:

-
TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.

-
TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams

-
Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 

-
UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.

-
UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
-    Capability indication of UE beam correspondence related information to TRP is supported.
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