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Introduction
[bookmark: P3]The coverage issue generally occurs in UE side due to the lower power than that of the gNB. From this fact, the coverage of uplink channel of PUCCH and PUSCH had been enhanced in Rel-17. Now, the bottleneck of coverage of uplink channel might be a PRACH. In this contribution, we share our views on the PRACH coverage enhancement.
Multiple PRACH transmission with same beam
[bookmark: Proposal1]In this section, we share our views on the multiple PRACH transmission with same beam.
Resource configuration
In previous RAN1#110b meeting, there was a discussion about resource configuration for multiple PRACH transmission with same beam [1]. The discussion point is how to distinguish multiple PRACH transmission from legacy PRACH transmission, and four options can be considered in terms of RACH occasion (RO) and RACH preamble as shown in below table.
	
	Shared preamble
	Separated preamble

	Shared RO
	Opt.1
	Opt.2

	Separated RO
	Opt.3
	Opt.4


Table 1: options for resource configuration 
Firstly, sharing RACH occasion with legacy and multiple PRACH transmission will cause higher contention rate among all PRACH transmissions since the multiple PRACH transmission occupies most of ROs. One can say that the PRACH with separate preamble can be transmitted on shared ROs. However, the situation will not improve since the contention rate is almost same as high as that of Opt.1. On the other hand, we need to consider the trade-off relationship between resource usage efficiency and higher detection rate (lower contention rate). That is, the multiple PRACH transmission on separated RO from the legacy PRACH transmission has a merit to distinguish two transmissions with less contention while the reserved resource for ROs increases. In order to maximize the multiple PRACH transmission performance, however, the separated RO should be used on the multiple PRACH transmission. It is noted that the separated or shared preamble is not a big matter on this issue because of separated RO.
Proposal 1:
· The multiple PRACH transmission should be used separated ROs from the legacy PRACH transmission.
PRACH multiplexing
The multiplexing method for the multiple PRACH transmission was discussed, and the related agreement was made in previous RAN1#110b meeting as below [2].
	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.


As we can see in the agreement, only time domain multiplexing is agreed, but the frequency hopping and frequency domain multiplexing remain FFS. We share our view for the frequency hopping and frequency multiplexing in the FFS.
Frequency hopping:
The frequency hopping is a promised technique to obtain the performance improvement. The problem is how to perform frequency hopping. In Rel-17, the RO can be configured into multiple frequency resources through msg1-FDM.
[image: ]
Figure 1: RO with multiple frequency resources
Figure 1 shows an example of RO configuration with msg1-FDM = 4. If the UE is allowed to perform frequency hopping, then the hopping pattern should be large distance between hops for maximization the performance (e.g., RO0  RO7  RO8  RO15). However, the contention rate will be higher when every UE uses same hopping pattern. As a solution of this issue, we can benchmark the hopping pattern from NB-IoT PRACH (NPRACH). It provides pseudo-randomized hopping pattern so that the PRACH can be transmitted with frequency hopping with lower contention rate.
Proposal 2:
· Frequency hopping for the multiple PRACH transmission should be benchmarked from NB-IoT PRACH (NPRACH).
Frequency multiplexing:
We do not think the frequency multiplexed multiple PRACH transmission for a UE with multiple Tx chains is helpful to expand the PRACH coverage. Since the frequency multiplexing of PRACH lowers transmit power even for the UE with multiple Tx chains, it may not guarantee the PRACH repetition is able to expand coverage together with compensating the degraded Tx power. 
Proposal 3:
· The frequency multiplexing of the multiple PRACH transmission should not be considered.
Preamble configuration
When the same PRACH preamble is used during the multiple PRACH transmissions in one RACH attempt, the gNB can perform soft combine by using every PRACH transmission, and it is agreed in previous meeting as below.
	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.


For the use of different preambles during the multiple PRACH transmission, we think there is few merits to use the different preamble in each PRACH transmission. The purpose to use the multiple PRACH transmission is to achieve the transmission gain by soft combining same PRACH signal at different time instance. Therefore, the different preamble should not be considered in the multiple PRACH transmission.   
Proposal 4:
· The different preamble should not be considered in the multiple PRACH transmission.
Determination of repetition numbers
There was a discussion about determination of the number of multiple PRACH transmission in previous meeting. Majority companies shared their views that the SS-RSRP are used to determine it. This is same method to determine the number of Msg3 repetition. We also support to use SS-RSRP to determine the number of multiple PRACH transmission. For the initial access case, however, the PRACH is the first signal from UE to gNB, and therefore the gNB does not have any clue how many repetitions UE performs. The common understanding of the repetition numbers between UE and gNB is important, because it is directly related with the start timing of RAR monitoring. Hence, it is required to further study how to inform the repetition numbers from UE to gNB.
Proposal 5:
· Support to use SS-RSRP to determine the number of multiple PRACH transmission.
Also, it is required to consider the impact from transmit power related regulation such as maximum permissible exposure (MPE). In Rel-16, MPE reporting of FR2 was introduced to inform the UE’s Tx power usage to gNB. Considering the UE at the cell edge transmits the signal with maximum power most of cases, that is, there is higher possibility that the UE would apply the P-MPR to the UL signal in order not to violate the regulation. The problem is that, P-MPR is totally UE implementation and gNB does not know whether the UE applies it or not. For the UE applying P-MPR, we may not obtain the gain from multiple PRACH transmission as the transmit power of PRACH is deliberately reduced. From this fact, we propose that the number of multiple PRACH transmission should be derived based on at least MPE/P-MPR.
Proposal 6:
· The number of multiple PRACH transmission should be derived based on at least MPE/P-MPR.

Conclusion
In this contribution, we provide our views on further coverage enhancement as below
Proposal 1:
· The multiple PRACH transmission should be used separated ROs from the legacy PRACH transmission.
Proposal 2:
· Frequency hopping for the multiple PRACH transmission should be benchmarked from NB-IoT PRACH (NPRACH).
Proposal 3:
· The frequency multiplexing of the multiple PRACH transmission should not be considered.
Proposal 4:
· The different preamble should not be considered in the multiple PRACH transmission.
Proposal 6:
· The number of multiple PRACH transmission should be derived based on at least MPE/P-MPR.
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