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1. [bookmark: _Ref5850594]Introduction
The following is agreed as part of the scope of Uplink Coverage Enhancements Evolution for PRACH enhancements:
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams targeting 4-step RACH procedures
· Study, and if justified, specify PRACH transmissions with different beams targeting 4-step RACH procedures for FR2
· Note: The enhancements of PRACH are targeting for FR2, which can also apply to FR1 when applicable.
· Note: The enhancements of PRACH are [format-agnostic and] targeting [for PRACH format B4, which can also apply to other] short PUCCH formats when applicable.



In this document, we present our views related to PRACH repetition and specification impacts.
[bookmark: _Hlk115418456]
2. PRACH repetition with the same or different beams
One important question is whether PRACH repetition should be transmitted with the same beam or multiple UL Tx beams (or UL spatial filtering). Using multiple UL Tx beams can provide UL beam diversity. It can also provide opportunity for UL beam refinement for Msg3 and future UL transmission, provided that the best beam (among multiple UL beams) is indicated to the UE (after reception of PRACH). However, this indication needs to be provided explicitly or implicitly by Msg2 or Msg2 PDCCH, and the specification impacts and potential methods for this indication need to be studied.
[bookmark: _Hlk115418151]Proposal 1: Study potential benefits and limitations of PRACH repetition with multiple UL beams for UL beam refinement in RACH and the potential necessary specification impact, including the selection of UL Tx beam for Msg3.
· FFS interference impact of UL beam sweeping 
Another benefit of PRACH repetition (other than increasing the coverage of PRACH) is to provide opportunity for gNB to perform gNB-side beam refinement. If gNB knows which PRACH repetition are transmitted with the same spatial filtering, it can check different refinement of gNB-side Rx beam for reception of different copies among those repetitions; and use the refined gNB-side beam for transmission and reception of future RACH messages. However, for this purpose, it is important that gNB and UE are on the same page about the set of PRACH repetitions that are supposed to be transmitted with the same beam.  
Proposal 2: Support mechanism for gNB to know the subset of PRACH repetitions that are expected to be transmitted with the same UL Tx beam.
· FFS: required configuration by system information

3. Criteria for using PRACH repetition and interaction with Msg3 repetition request
In this section, we consider criteria for using PRACH repetition by UE, the associated PRACH preambles, and the interaction of PRACH repetition with Msg3 repetition request (which was introduced in R17). 

Criteria for using PRACH repetition
Similar to Msg3 repetition request, it is important to have criteria for using PRACH repetition, to avoid excessive usage of this option by UEs (which can result in excessive congestion of resources). Because the need for PRACH repetition is linked to the coverage situation of the UE, some criteria similar to what was used for Msg3 repetition request (i.e. based on a configured threshold on SS-RSRP) can be useful for triggering PRACH repetition. These criteria can be also dependent on UE power class because the final reception power of PRACH is dependent both on the path loss (which is related to SS-RSRP) and the UL Tx power.

[bookmark: _Hlk115418184]Proposal 3: UE should use PRACH repetition based on criteria that may depend on the SSB-based RSRP
· FFS: dependence on UE power class ​
· FFS: dependence on prior failed attempts of PRACH

Interaction of PRACH repetition with Msg3 repetition request 
Because both Msg3 repetition request and PRACH repetition are expected to be for UEs with similar condition (i.e. needing coverage enhancement for UL RACH messages), usage of PRACH repetition by UE may be considered as an indication of Msg3 repetition request too. This approach can make PRACH resource usage more efficient (by avoiding excessive partitioning).

Proposal 4: Support combination of PRACH resources (and/or RACH occasions) and PRACH repetition to indicate the Msg3 repetition request by UE​.
· e.g. Support the option that PRACH repetition can automatically indicate Msg3 repetition request (irrespective of PRACH resource)

Differentiation between UEs w/ and w/o multiple PRACHs
Under a cell, some UEs (e.g., at the cell edge) may need to support multiple PRACH transmission while the other UEs (e.g., legacy UEs and R18 UEs in good locations) may not need multiple PRACH transmission. If the gNB performs combining across the multiple PRACH transmissions, it should know whether UE performs multiple PRACH transmission or not. Hence, it is beneficial to discuss whether/how the UEs with multiple PRACH transmission and the UEs without multiple PRACH transmission should be differentiated.
Proposal 5: Discuss whether/how gNB differentiates multiple PRACH transmission and single PRACH transmission.


4. Multiple PRACH transmission configuration and resource mapping
For multiple PRACH transmission, the gNB is expected to configure multiple PRACH transmissions e.g., the number of repetitions. Depending on UE RRC state, such configuration can be conveyed to the UE in cell-specific signalling (e.g., in idle/inactive states) or in UE-specific signalling (e.g., in connected state).  
Proposal 6: Discuss how to configure multiple PRACH transmissions (e.g., the number of repetitions). 
PRACH repetition for CFRA 
PRACH repetition can be useful for both CBRA and CFRA. For CFRA, having RRC connection can provide more flexibility to the gNB for providing UE-dedicated configuration about the details of PRACH repetition, including the triggering criteria.
Proposal 7: In addition to support PRACH repetition for CBRA, support PRACH enhancement in CFRA, via RRC configuration of rules for selection of CFRA PRACH transmission method based on SSB measurements and/or past measurements.

Resource mapping for PRACH repetition
When mapping the PRACH transmission to the valid ROs, there could be two alternatives: one is to map the transmissions in frequency domain first and then time; the other is to map the transmission in time only. The power gain may not be achieved in the former approach. Hence, we prefer to map the PRACH transmissions in time only as being proposed in the following proposal: 
Proposal 8: PRACH repetitions are only transmitted in the valid ROs associated with the same SSB at different time with the following order:
· First, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot.​
· Second, in increasing order of indexes for PRACH slots.​
· Third, in increasing order of indexes for PRACH association period.
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Figure 1: N=1/2, msg1-FDM=2, , repetition =4
PRACH repetition counting
It is critical to understand how the number of PRACH repetition is counted. Similar to R17 PUSCH repetition counting based on available slot, the question here is that whether we should count the number of repetitions based on the valid ROs.
Proposal 9: Discuss how to determine the first PRACH repetition transmission.
Proposal 10: The counting of PRACH repetitions is based on the valid ROs.


5. Impact on RAR monitoring and RA-RNTI
In the existing specification, after PRACH transmission, the UE attempts to detect a DCI format 1_0 with CRC scrambled by RA-RNTI during a window that starts at least one symbol after the last symbol of PRACH occasion corresponding to the PRACH transmission. Below is a related snapshot of TS 38.213:
[image: ]
However, since there will be multiple PRACH occasions corresponding to multiple PRACH transmissions, the question here is that which RACH occasion shall the UE use to determine the starting of the monitoring window?
Proposal 11: Discuss how to determine the start of RAR monitoring window.

RA-RNTI consideration
The UE needs to compute RA-RNTI in detecting the DCI format 1_0 with CRC scrambled by RA-RNTI. The RA-RNTI computation depends on the index of the first OFDM symbol of the PRACH occasion corresponding to PRACH transmission. Below is a related snapshot of TS 38.321:
[image: ]
However, since there will be multiple PRACH occasions corresponding to multiple PRACH transmissions, the question here is that which RACH occasion shall the UE use to compute RA-RNTI?
[bookmark: _Hlk115418343]Proposal 12: Discuss how to determine the PRACH occasion for RA-RNTI computation.


6. Conclusions
In this paper, we discussed different aspects related to PRACH repetition, and made the following proposals:

Proposal 1: Study potential benefits and limitations of PRACH repetition with multiple UL beams for UL beam refinement in RACH and the potential necessary specification impact, including the selection of UL Tx beam for Msg3.
· FFS interference impact of UL beam sweeping 
Proposal 2: Support mechanism for gNB to know the subset of PRACH repetitions that are expected to be transmitted with the same UL Tx beam.
· FFS: required configuration by system information
Proposal 3: UE should use PRACH repetition based on criteria that may depend on the SSB-based RSRP
· FFS: dependence on UE power class ​
· FFS: dependence on prior failed attempts of PRACH
Proposal 4: Support combination of PRACH resources (and/or RACH occasions) and PRACH repetition to indicate the Msg3 repetition request by UE​.
· e.g. Support the option that PRACH repetition can automatically indicate Msg3 repetition request (irrespective of PRACH resource)
Proposal 5: Discuss whether/how gNB differentiates multiple PRACH transmission and single PRACH transmission.
Proposal 6: Discuss how to configure multiple PRACH transmissions (e.g., the number of repetitions). 
Proposal 7: In addition to support PRACH repetition for CBRA, support PRACH enhancement in CFRA, via RRC configuration of rules for selection of CFRA PRACH transmission method based on SSB measurements and/or past measurements.
Proposal 8: PRACH repetitions are only transmitted in the valid ROs associated with the same SSB at different time with the following order:
· First, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot.​
· Second, in increasing order of indexes for PRACH slots.​
· Third, in increasing order of indexes for PRACH association period.
Proposal 9: Discuss how to determine the first PRACH repetition transmission.
Proposal 10: The counting of PRACH repetitions is based on the valid ROs.
Proposal 11: Discuss how to determine the start of RAR monitoring window.
Proposal 12: Discuss how to determine the PRACH occasion for RA-RNTI computation.
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8.2 Random access response - Type-1 random access procedure

In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a

ponding to the PRACH
transmission, where the symbol duration corresponds to the SCS for Typel-PDCCH CSS set as defined in clause 10.1.
The length of the window in number of slots, based on the SCS, for Typel- CH CSS set, is provided by ra-
ResponseWindow.

To be addressed
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The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted. is computed
as:

RA-RNTI=1+s id+ 14 x t id+ 14 x 80 x f id + 14 x 80 x 8 x ul_carrier_id

80). where the subcayrier spacing to_determine t_id is based
on the value of 1 specified use 5.3.2in TS 38.211 [R]. f_id is the index of{the PRACH occasion'in the frequency

domain (0 < f _id < 8). and ul_carrie is the UL carrier used for Random Ss P?e&ﬁbie?ﬁﬁsfn&sion (0 for NUL
carrier. and 1 for SUL carrier).
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