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1 Introduction
During RAN1#110bis-e meeting, the following agreements on further PRACH coverage enhancements were achieved.
	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.

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.

Agreement

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.




In this contribution, we mainly focus on multiple PRACH transmissions with same beams for 4-step RACH procedure to enhance the uplink coverage for PRACH.  

2 Discussion 
2.1 PRACH resources configuration 

For resources configuration of multiple PRACH transmissions, one issue needs to be considered that is whether it can share the same PRACH configuration as legacy RACH. Considering that there is a little interference between preambles generated by different root sequence indexes, and considering that gNB may perform non-coherent combining to improve PRACH reception performance, if shared PRACH resources is configured, it is quite possible to cause miss detection of the PRACH sequence of legacy UEs, which will inevitably affect the fairness of the legacy UE’s access. Thus, we propose to support separate PRACH resources configuration for multiple PRACH transmissions, i.e., one-shot PRACH transmission and multiple PRACH transmission wouldn’t share the same time and frequency domain resources. Besides, since different number of PRACH repetitions may be configured by SIB1, if separate PRACH configuration is supported, it needs to further study whether different number of repetitions are associated with the same or different PRACH configurations in further meetings.

Proposal 1: Support separate PRACH resources configuration for multiple PRACH transmissions.
· FFS: Whether different number of repetions are asociated with the same or different PRACH configurations.
2.2 The relationship between SSB and PRACH resources

In R15, both one SSB associated with multiple ROs and multiple SSBs associated with one RO are supported to indicate the best DL beam to gNB by the selected RO and/or preambles. For R18 PRACH enhancement, this DL beam indication mechanism shouldn’t be broken. Thus, to ensure the gNB could receive a valid beam indication, it is more reasonable to associate multiple PRACH transmissions with the same SSB. However, to make it more clear for the relationship between multiple resources for PRACH repetitions and SSBs, one issue needs to be further clarified is whether to reuse the mapping relationship between SSBs and ROs in R15 or to redefine it. If the legacy association rule is reused, the UE will select multiple valid ROs associated with the same SSB for multiple PRACH transmissions, i.e., one RO corresponds to one repetition. While, in this way, some configurations may be not appropriate, such as, when eight transmissions are determined, the configuration of one SSB associated with two ROs will increase the delay for multiple PRACH transmissions. In order to overcome the above shortcomings, one potential solution can be considered is that a bundle of PRACH resources for PRACH repetitions can be taken as one RO, and these PRACH resources are associated with the same SSB. In this way, the concept of RO needs to be redefined and additional standardization work will be involved. Anyway, the above two candidate solutions can be taken as the basis for RAN1 discussions.

Proposal 2: consider the following potential solutions for the mapping between SSBs and PRACH resources:

· Multiple valid ROs associated with the same SSB can be used for mulitple PRACH transmssions.

· Multiple PRACH resources associated with the same SSB for multiple PRACH transmissions can be taken as one RO 

2.3 RO multiplexing mode for multiple PRACH transmissions
For RO multiplexing mode for multiple PRACH transmissions, it has been agreed in the last RAN1 meeting that at least ROs at different time instances, i.e., TDMed ROs, can be utilized. However, there are still two issues need further discussion: one issue is whether different TDMed ROs at different frequency resources, i.e., inter-RO frequency hopping, can be utilized for multiple PRACH transmissions; another issue is whether ROs at the same time instance can be utilized for multiple PRACH transmissions with multiple Tx chains.
For the first issues, some companies believe that, with frequency diversity gain, inter-RO frequency hopping is helpful for PRACH coverage enhancement. However, from our point of view, if an appropriate number of multiple PRACH transmissions is chosen, the coverage loss could be improved and additional diversity gain is not needed anymore. In addition, the design of the inter-RO frequency hopping mechanism will also bring a heavy workload to the RAN1 speciation, which is not preferred by us.

For the second issue, there are two options: option 1, multiple preambles are transmitted simultaneously using multiple Tx chains; option 2, the same preamble is transmitted simultaneously in different frequency resources using multiple Tx chains.  Both of the above options can bring spatial diversity gain and can be helpful to shorten the random access delay. However, compared with option 1, option 2 can also bring additional non-coherent combining gain and frequency diversity gain. From the performance point of view, option 1 should be precluded at first. For option 2, considering that different UEs may have different number of Tx chains, UEs with one Tx chain can only utilize TDMed ROs, while UEs with 2 Tx chains are able to support FDMed ROs. That is, there may be more than one resource multiplexing modes in this network, which will greatly increase the complexity of the non-coherent combining detection at gNB side. Therefore, we recommend to reuse the legacy behaviour of PUCCH and PUSCH repetitions, that is, only TDMed ROs can be utilized for multiple PRACH transmissions.
Proposal 3: Don’t support inter-RO frequency hopping for multiple PRACH transmissions.  
Proposal 4: Don’t support ROs at the same time instance utilized for multiple PRACH transmissions with multiple Tx chains.   
2.4 Determination of PRACH sequence in one RACH attempt

For multiple PRACH transmissions, it has been agreed in the last RAN1 meeting that at least the same PRACH sequence can be utilized within a RACH attempt. Moreover, it should be further discussed whether different PRACH sequences can be used. By using different PRACH sequences, UE power consumption and random access delay caused by the collision of PRACH resource selecting can be reduced, and the probability of successful PRACH transmission can be limited improved statistically. However, in this way, non-coherent combining gain cannot be obtained, which is very essential for PRACH coverage enhancement. Therefore, utilizing different PRACH sequences for one RACH attempt cannot be accepted by us.
Proposal 5: Don’t support utilizing different PRACH sequences for multiple PRACH transmissions in one RACH attempt.
2.5 Maximum number of multiple PRACH transmissions
According to evaluation results in Rel-17 CE SI as shown in TR38.830 [1], the performance gap between PRACH format B4 and the reference channel of PUCCH format 1 is about -7.57dB in Urban 28GHZ NLOS O2O scenario with ISD=200m, which is almost the worst coverage scenario in both FR1 and FR2. To compensate for the coverage loss, multiple PRACH transmissions with same beams was agreed in RAN#94 meeting as shown in the WID [2]. With multiple PRACH transmissions, the probability of successful PRACH delivery will be increased. Besides, incoherent combination can be performed among multiple PRACH receptions at gNB side, which can achieve received power superposition across different PRACH receptions without the phase shift. To observe the performance gain provided by multiple PRACH transmissions, we conduct link-level simulations in Urban@28GHz O2O scenario and provide our evaluation results as shown in Figure 1.
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Figure 1 MDR for PRACH repetitions with incoherent combination with SCS@120KHz
According to our simulation results, we can observe that 2.87dB and 5.14dB performance gain can be obtained with 2 and 4 PRACH repetitions, respectively. That is to say, about 2.5dB gain can be obtained when the number of repetitions is dobuled. Therefore, we can conclude that a maximum of 8 repetitions can almost meet the coverage requirements of PRACH.
Obeservation 1: For FR2 in Urban@28GHz O2O scenario, about 2.9dB and 5.1dB performance gain can be obtained with 2 and 4 PRACH repetitions, respectively.

Proposal 6: The maximum number of repetitions for PRACH enhancement is 8.

2.6 Determination of the number of multiple PRACH transmissions
Since there is almost no other DL transmissions other than SIB1 or scheduling DCI for SIB1 before PRACH transmission, maybe SIB1 and reserved bits in the scheduling DCI for SIB1 can be two candidate solutions to indicate the number of multiple PRACH transmissions. Generally speaking, reserved bits in DCI is very precious, so it is more reasonable to add a filed in SIB1 to configure the PRACH transmission number. Besides, since UEs sharing the same SIB1 are located in different areas and experience different channel conditions, different UE may need different number of multiple PRACH transmissions. Therefore, in order to meet the needs of UEs with different coverage levels, we propose to configure several different candidate values by SIB1. Based on this, how the UE can determine a reasonable number of multiple PRACH transmissions is an urgent problem to be solved. 
During R17 CE WI, an Msg.3 repetition request mechanism based on the comparison of measured SS-RSRP and SIB1-configured RSRP threshold is introduced. If the measured SS-RSRP is less than the threshold, Msg3 repetition will be requested by the UE with separate PRACH resources; otherwise, legacy RACH procedure is performed. Based on the similar design, we can introduce RSRP thresholds for multiple PRACH transmissions. Specifically, before initiating RACH procedure, the UE first measures SSS and compares the measurement result with a configured RSRP threshold. Based on the comparison result, the UE then decides whether to repeat the PRACH transmissions. In addition, in the case of several different transmission numbers configured by SIB1, the same number of RSRP thresholds can be configured, and each SS-RSRP threshold can be associated with a transmission number. According to the interval between the measurement result and RSRP thresholds, the UE can determine an appropriate number of multiple PRACH transmissions. Of course, since there is no DL and UL interactions before PRACH transmission, there is some differences between Msg.3 repetitions and multiple PRACH transmissions: For Msg.3, whether to transmit Msg.3 with repetitions is decided at the gNB side; while, for PRACH enhancement based on our design, whether to transmit PRACH with repetitions is decided at the UE side.
Proposal 7: Configure a set of PRACH transmissions numbers and associated RSRP thersholds for UEs with different coverage conditions by SIB1.
2.7 RAR window and RA-RNTI calculation
For the RAR window design for multiple PRACH transmissions, the following two options were agreed in the last RAN1 meeting: 
· 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.

Generally speaking, the number of PRACH transmissions determined by the UE through RSRP measurement and comparison is usually a reasonable value, and the gNB could successfully detect it only after receiving this sufficient number of PRACHs. From this point of view, starting RAR window in advance before the end of multiple PRACH transmissions, or configuring one RAR window per each PRACH transmission, not only can’t shorten the random access delay, but also is harmful to UE power consumption. Thus, option 2 with starting the RAR window after the last PRACH transmission is more reasonable. 
In addition, for multiple PRACH transmissions, it is more appropriate for the gNB to transmit only one RAR for multiple PRACHs, which is a spectrum efficient and power saving solution. In this way, several ROs for one RACH attempt are associated with one RAR, thus the RA-RNTI also needs to be recalculated accordingly. We believe that, it is an easier and simplifier way to adopt a fixed RO, e.g., the first RO or the last RO in one RACH attempt to calculate the RA-RNTI for multiple PRACH transmissions.    
Proposal 8: Support only one RAR window for all of the multiple PRACH transmissions. 
· Starting the RAR window after the last PRACH transmission
Proposal 9: Utilize a fixed RO to calculate the RA-RNTI, e.g., the first RO or the last RO within one RACH attempt.
3 Conclusion  
In this contribution, we discuss several technical issues to enhance the uplink coverage for PRACH. Based on the discussion, our views are summarized as follows.

Observation 1: For FR2 in Urban@28GHz O2O scenario, about 2.9dB and 5.1dB performance gain can be obtained with 2 and 4 PRACH repetitions, respectively.

Proposal 1: Support separate PRACH resources configuration for multiple PRACH transmissions.
· FFS: Whether different number of repetions are asociated with the same or different PRACH configurations.
Proposal 2: consider the following potential solutions for the mapping between SSBs and PRACH resources:

· Multiple valid ROs associated with the same SSB can be used for mulitple PRACH transmssions.

· Multiple PRACH resources associated with the same SSB for multiple PRACH transmissions can be taken as one RO 

Proposal 3: Don’t support inter-RO frequency hopping for multiple PRACH transmissions.  
Proposal 4: Don’t support ROs at the same time instance utilized for multiple PRACH transmissions with multiple Tx chains.   
Proposal 5: Don’t support utilizing different PRACH sequences for multiple PRACH transmissions in one RACH attempt.

Proposal 6: The maximum number of repetitions for PRACH enhancement is 8.

Proposal 7: Configure a set of PRACH transmissions numbers and associated RSRP thersholds for UEs with different coverage conditions by SIB1.
Proposal 8: Support only one RAR window for all of the multiple PRACH transmissions. 
· Starting the RAR window after the last PRACH transmission
Proposal 9: Utilize a fixed RO to calculate the RA-RNTI, e.g., the first RO or the last RO within one RACH attempt.
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Annex

Table.1-1 simulation parameters for PRACH enhancement

	Parameter
	Value

	Scenario and frequency
	Urban: 28GHz (TDD) , O2O

	Bandwidth
	20MHz

	Channel model for link-level simulation
	TDL-A

	Delay spread
	100ns

	UE velocity
	30km/h

	Tx/Rx antenna number 
	1T/2R

	PRACH Format
	Format B4

	SCS
	120kHz

	Performance metric
	0.1% false alarm, 1% miss-detection

	Number of repetitions
	1, 2, 4


