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Introduction
This contribution discusses the enhancements on PRACH for msg3 beam improvement.
Discussion
First of all, as illustrated by the TR of coverage enhancement SI, the PRACH B4 is identified as bottleneck channel as same level as msg3 PUSCH in both FR1 and FR2 as shown in following:The Rel-17 study item [1] “Study on NR coverage enhancements” evaluated the baseline performance for both FR1 and FR2. The following channels have been identified as the potential bottleneck channels for FR1:
· 1st priority
· PUSCH for eMBB (for FDD and TDD with DDDSU, DDDSUDDSUU and DDDDDDDSUU)
· PUSCH for VoIP (for FDD and TDD with DDDSU, DDDSUDDSUU)
· 2nd priority
· PRACH format B4
· PUSCH of Msg.3
· PUCCH format 1
· PUCCH format 3 with 11bit 
· PUCCH format 3 with 22bit 
· Broadcast PDCCH (BS with 24dBm/MHz Tx power)
The following channels have been identified as the potential bottleneck channels for Urban 28 GHz scenario:
· PUSCH eMBB (DDDSU and DDSU)
· PUSCH VoIP (DDDSU and DDSU)
· PUCCH F3 11bits
· PUCCH F3 22bits
· PRACH B4
· PUSCH of Msg3


 Thus, the enhancement of PRACH should have been a natural direction. Besides, due to the natural connection between PRACH and msg3, enhancement of PRACH will be very helpful to the msg3 enhancement.  One important aspect that impacts the msg3 performance is the beam forming gain,  which is even more significant in FR2 case. 
The RACH procedure defines that only when the preamble is successfully detected, UE can get the chance for msg3 transmission. This implies that a qualified preamble transmission is very important for msg3 transmission, which includes both beam selection and power level determination. Thus, improving msg1 beam can help the msg3 transmission performance.
Observation 1: improving msg1 beam could help improve msg3 performance.
Thus, in following sections, we will discuss the msg1 beam management enhancement.
Msg1 enhancement 
To improve coverage for Msg1 and to enable transmission from different beams, an RO bundle can be considered for multiple PRACH transmissions using the NR Rel-16 random access structure. An RO bundle includes a number of ROs and the UE can transmit PRACH per RO bundle instead of per RO. The benefits of using an RO bundle include:
1. Beamforming gain. Transmitting preambles from multiple UL Tx beams at one RACH attempt as shown in Fig.1 (a). This is particularly beneficial as a UE can identify a suitable UL Tx beam with fewer re-attempts for Msg1 transmission and thus reduce access latency. This design is aligned with the SRI-based UL beam management after RRC connected mode where a UE transmits a configured number of SRS using different spatial settings.
2. Link budget gain. The preambles in different ROs (with same UL Tx beams) in a RO bundle could be regarded as repetitions and can provide link budget enhancement for PRACH reception as shown in Fig.1 (b). 
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Fig.1 - RO bundle for same Tx beam an different Tx beam.
	Furthermore, whether or not a UE uses a same or different spatial settings(beams) for PRACH transmission over an RO bundle could be controlled by gNB. For example, for FR1 or if SSBs are relatively narrow-beam in FR2, a gNB can signal to the UE to use a same spatial setting to transmit PRACH over the RO bundle; otherwise, the gNB can signal to the UE to use different spatial settings. 
Proposal 1: Support UE to transmit multiple PRACH preambles over a RO bundle, with same or different spatial settings, prior to a RAR reception. 

When CSI-RS resources are configured and assuming a UE capability for beam reciprocity, a UE can determine channel qualities associated with different spatial settings by performing measurements based on receptions in the CSI-RS resources, and transmit a PRACH preamble with the ‘best’ spatial setting (the one resulting to the largest RSRP). The UE can also transmit PRACH preambles over more than one spatial setting. For example, for robustness at the expense of additional PRACH resources, the UE can also transmit a PRACH preamble with the ‘second best’ spatial setting. 
Proposal 2: Support use of CSI-RS measurements for a UE to select one or more spatial settings for PRACH transmissions.
Conclusion
This contribution discusses the potential enhancements on channels in initial access procedure. Observations and proposals are summarized as follows: 
Observation 1: improving msg1 beam could help improve msg3 performance.
Proposal 1: Support UE to transmit multiple PRACH preambles over a RO bundle, with same or different spatial settings, prior to a RAR reception
Proposal 2: Support use of CSI-RS measurements for a UE to select one or more spatial settings for PRACH transmissions.
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