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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The work item description states objectives for PRACH enhancement as follows. In the previous meeting, the discussion regarding the framework is discussed and some agreements are derived as below. We address our view for multiple PRACH transmission with same/different Tx beams.
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.



2. Discussion
2.1. General procedure for multiple PRACH transmissions
The 4-step RACH procedure communicates Msg1/2/3/4 between a UE and the serving cell, performing the contention resolution. According to the WID scope, the short PRACH formats in FR2 are prioritized to increase the coverage during the initial access. The schemes may be generalized/applied without much further optimizations.
With reference to multiple PRACH transmissions, there are at least two approaches, keeping the same Tx beam. The legacy UE can receive Msg2 PDSCH and checks a collision happened. The UE can transmit PRACH again following the (scaled) BI in the Msg2. It seems to be a legacy behavior to transmit PRACH multiple times before Msg3 PUSCH, in terms of contention resolution. If the PRACH beam is maintained and the UE reads Msg2 PDSCH for each PRACH transmission, then it is beneficial for contention resolution but not helpful for coverage extension. However, the UE can change the PRACH beam during multiple transmissions, then it is beneficial for both contention resolution and coverage extension.
We think that it is desirable to discuss whether/how to balance our specification efforts between the PRACH transmissions using same beam or different beams. On one hand, the same beam case can be specified and it is applied with minimal specification changes for different beam case. On the other hand, a unified framework can be discussed from the beginning and more optimized for same beam case.
In our view, considering the limited time unit, the same beam case is discussed first and the work item scope can be enlarged for different beam case if a performance gain is observed.
[bookmark: _Ref115397754]Observation 1: It is desirable to discuss whether/how to balance our specification efforts between the PRACH transmissions using same beam or different beams.
Multiple PRACH transmission can be interpreted with intervention of Msg2 PDSCH, and the following two Options are listed in the previous meeting.
	Agreement 110bis
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.



For the above Option 1, a UE receive Msg2 PDSCH before PRACH transmissions are not completed. In the end, each PRACH transmission initiates own RAR window. This implies that the UE can terminate remaining PRACH transmissions if Msg2 PDSCH is correctly received. The UE can transmit Msg3 PUSCH for further contention resolution. In this case, RA-RNTI would also follow the legacy behavior, i.e., it is obtained from the corresponding PRACH resource.
For the above Option 2, a UE not decode Msg2 PDSCH before PRACH transmission are completed, which is similar to legacy behavior with modified BI interpretation, in which case the BI can be applied after all PRACH transmissions. Also, the RAR window should begin after all PRACH transmissions.
In the previous meeting, the starting slot for RA search space may be determined by the first PRACH transmission, and it is agreed to further study. We would suggest that the RAR does not begin before all PRACH transmissions, which is the simplest and does not introduce early termination of succeeding PRACH transmission by the successful RAR.
The early termination may not show gain if the repetition factor is not large enough and we have to consider decoding time/cancellation time. For the case of FDD, the remaining repetitions can be transmitted before the UE is ready to drop some repetitions. Another aspect of early termination is the latency reduction. Again, we do not think the target scenario of this work item requires low latency for the control plane.
[bookmark: _Ref118368295]Observation 2: Early termination of PRACH repetition may have few benefits.
Comparing two Options, the second option is more desired than the first option because the UE can save its battery at the expense of longer latency. Also, the discussion scope can be reduced because multiple PRACH transmissions are conceptually regarded as a transmission using a longer PRACH formats with apparent generalization of legacy upper layer procedures.
[bookmark: _Ref115397798]Proposal 1: A UE may not decode Msg2 PDSCH before all PRACH transmissions are completed (Option 2). 
The determination of repetition factors can be the issue. The UE can derive the repetition factor based on the strength of SSB. Different number of repetition factors should be supported and an approach is to configure a set of threshold to derive intervals that correspond to repetition factors. The detailed value can be further studied. This threshold can be different from other threshold such as Type 2 RA or Msg3 repetitions.
[bookmark: _Ref118368306]Proposal 2: A UE can derive the PRACH repetition factor by thresholding SSB strength.
2.1.1. Different Tx beam determinations
Regarding different PRACH beams, we need to discuss how to derive PRACH beams. In our understanding, a PRACH beam is derived from a SSB with no strict restriction in the TS. Referring to the UE feature, it holds the beam correspondence between SSB and its associated PRACH with/without UL beam management. During the 4-step RACH procedure, the UE are not in the RRC connected mode and the beam correspondence should not be presumed.
We would like to point out that a UE should monitor multiple SSBs for multiple PRACH transmissions. If a UE can derive multiple beams from one SSB, then the UE may have multiple antenna panels or large antenna array in an antenna panel. Each antenna panel can be associated to a beam for PRACH, or an antenna array can generate multiple sharper beams than a SSB’s and all of those beams correspond to the same SSB. The latter case implies that the UE should monitor multiple SSBs for the Msg1 transmission.
[bookmark: _Ref115397801]Proposal 3: Discuss whether a UE can generate multiple beams for PRACH from one SSB.
If a UE need to monitor multiple SSBs, then the best SSBs having strongest RSRP values can be chosen. A relative threshold can be considered to limit the maximum number of such SSBs. 
Each RSRP threshold or a common threshold can be applied for each SSB. The repetition factor might be derived independently of the chosen SSB, but for simplicity, the repetition factor can be one value for all considered SSBs.
In addition, if multiple beams are considered, then it may be necessary to put a gap time between beam switching. Depending on SCS for PRACH and initial UL BWP, the gap time may be longer than a CP length or a gap period of a short PRACH format within an RO.
[bookmark: _Ref115397806]Proposal 4: Study the need for a switching gap between consecutive PRACH transmission with different beams.
Also, number of repetitions and number of beams should be determined and their ordering for PRACH transmission, i.e., beam cycling first and repeat multiple times, or repeat multiple times with a same beam and cycling.
2.2. Resource allocation for PRACH occasion
	Agreement 110bis
· 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.



The SIB1 transmits PRACH configuration index and the transmitted SSB pattern. A UE can derive the time resource patterns for relevant ROs for chosen SSB(s). In order to transmit PRACH multiple times, ROs that have different time resources are required. The serving gNB should be able to detect a preamble from those ROs.
If an RO is shared between legacy PRACH transmission and multiple PRACH transmissions, then the different sequence set may be assigned for legacy UEs and for enhanced UEs. This is because the same preamble index would mean contention by any means. 
In the Rel-16, the similar issues between Type 1 RACH (4-step) and Type 2 RACH (2-step) are discussed to share a same RO for different responses from the gNB, while independent ROs can be configured. The additional resources such as root sequence, configuration index, etc., can be configured. 
The preamble set seems to be fragmented already for other purposes. For instance, the preamble group B per SSB can be configured for different Msg3 size, and SSBs can chare the same RO depending on the association between SSB and RO and each SSB reserves one (or two) preamble group(s) among up to 64 indices. However, we may not need to consider the latter fragmentation if we prioritize the FR2 scenario. Thus, if the multiple PRACH transmissions with one beam is supported, then it is desirable to further divide the sequence set.
The preamble fragmentation may be avoided by increasing the number of available sequences in an RO. We can consider the similar approach as Type 2 RACH had, i.e., root sequence can be configured for multiple PRACH transmissions. The cross correlation between different root sequences still remains in the RO but it is not large in our view, and the multiple PRACH transmissions can be utilized for coverage-limited UEs and its interference can be added for adjacent gNBs with low cross correlations.
[bookmark: _Ref115397760]Observation 3: The different preambles are used for legacy PRACH transmission and for multiple PRACH transmissions.
[bookmark: _Ref115397774]Proposal 5: The additional sequences can be configured for shared ROs between legacy PRACH transmission and multiple PRACH transmissions.
When the additional sequences are not available, the simplest and most effective solution would increase additional ROs. It can be considered to separate ROs per number of PRACH transmissions. This approach requires more overhead with more number of supported transmissions (repetition factor).
[bookmark: _Ref115397778]Proposal 6: Introduce additional ROs for multiple PRACH transmissions.
Just as multiplexing legacy PRACH transmission and multiple PRACH transmissions, different number of PRACH transmissions may have different ROs or shared ROs. In our understanding, different ROs can be configured, or otherwise different preamble sets in the same ROs can be configured. In our view, further preamble fragmentation is not desirable and the separate ROs per different PRACH repetition factor can be configured. If supported, then ROs associated with a PRACH repetition factor may be included in the one or (consecutive) PRACH slots.
[bookmark: _Ref115397782]Proposal 7: Different ROs can be configured per PRACH repetition factors.
In order to determine a PRACH repetition factor, the UE and the gNB should obtain the same value. The UE applies a known principle to determine the PRACH repetition factor and choose a correct set of ROs to transmit using a chosen PRACH preamble. Beforehand, the UE should choose one or more SSB(s) whose measured RSRP is above the configured threshold. The highest RSRP would be used to determine the PRACH repetition factor. The supported number of PRACH transmissions requires further studies.
In the previous meeting, some companies propose the frequency hopping between TDMd ROs. This is reasonable because the PRACH configuration index and related RRC configurations do not guarantee the ROs which are TDMd in the same PRBs according to the current specification. In our view, this issue is correlated whether to allow shared ROs or to introduce separate ROs for repetitions purpose. We suggest to discuss frequency hopping issue after issues about ROs configurations show some progresses.
The FDMd ROs can help for some cases but we do not prefer this approach because this implies parallel PRACH transmissions before Msg2 PDSCH reception. This includes early termination issues and BI interpretations gets more complicated. Also, we think multi-panel transmission may not be necessary before the capability reporting.
3. Conclusion
We address our initial view about supporting multiple PRACH transmissions.
Observation 1: It is desirable to discuss whether/how to balance our specification efforts between the PRACH transmissions using same beam or different beams.
Observation 2: Early termination of PRACH repetition may have few benefits.
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