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1. Introduction
Coverage is one of the key factors that an operator considers when commercializing cellular communication networks due to its direct impact on service quality as well as CAPEX and OPEX. In Rel-17, a study item of “Study on NR coverage enhancements” was approved and multiple of channels [1] (e.g. PRACH, Msg3, PUSCH, PUCCH, etc.) have been identified as coverage bottleneck channels. However, due to its limited scope, in Rel-17 work item of “NR coverage enhancement”, which only focus on standardization of PUSCH, PUCCH and Msg3 coverage enhancement. In the RAN #96 meeting, a new WID on “on Further NR coverage enhancements” was approved [2]. One objective is to specify mechanism(s) to support PRACH coverage enhancements as follows:
	· 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.


In the RAN1 #114 meeting [3], several issues of multiple PRACH transmissions were discussed and the following agreements and conclusions were made:
Agreement
For multiple PRACH transmissions on separate ROs, reuse legacy SSB to RO mapping rule.
Agreement
For a given number of N multiple PRACH transmissions, all the RO groups within a time period X are determined as follows:
· Firstly, the starting RO of the first RO group is determined, then its remaining ROs are determined. Next, the starting RO of other RO groups and its remaining ROs are determined sequentially. 
· the starting RO is determined as follows (down select only one of the Alt.):
· Alt.1 (w/o density control)
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
· Alt.2 (w/ density control)
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then Alt.1 Applies.
· It is not expected to have overlapping RO between any two RO groups for the given number of N multiple PRACH transmissions.
· the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, and (down select only one of the Alt.) 
· Alt. 1 (the starting RB of ROs within a RO group is the same) the N-1 ROs are with the same starting RB as the starting RO.
· Alt. 2 (the starting RB of ROs within a RO group can be different) the N-1 ROs are with the lowest frequency resource index in corresponding time instance.
· Alt. 3 (the starting RB of within a RO group can be different and a frequency offset is configured) the N-1 ROs are determined based on a configured frequency offset.
· Alt. 4 (the starting RB of ROs within a RO group can be different), the N-1 ROs are with the same relative frequency resource index among the multiple frequency multiplexing ROs associated with the same SSB in corresponding time instances.
Agreement
Add the following notes to the above agreement:
Note1: “the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.” is illustrated as in the following figure (N=2, for ROs associated with SSB#0). This works for both Alt.1 and Alt.2 for the starting RO determination.
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Figure 1. Starting RO of ROG
Note2: all the ROs mentioned in the agreement are valid ROs associated with the given same SSB(s) and all the RO groups mentioned in the agreement are RO groups consisting of valid ROs associated with the given same SSB(s).
Note3:  of an RO, frequency resource index of an RO, and the starting RB of an RO indicate the same meaning, i.e., locate in the same frequency position.
Conclusion
For multiple PRACH transmissions with the same Tx beam, the two transmission power determination equations (just for reference: equation (1) and (2) as shown in the reference) of Rel-17 NR PRACH are reused for calculating the transmission power of each PRACH transmission, i.e.,
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.
Note: The following is for reference.
	For reference:
The power control formula of NR PRACH consists of the following two steps:
Step 1: Calculate the receive target power of one single transmission. 
PREAMBLE_RECEIVED_TARGET_POWER=preambleInitialReceivedTargetPower+DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep   (1)
Step 2: Calculate the transmission power of single transmission.
P_PRACH = min{P_CMAX(i), PREAMBLE_RECEIVED_TARGET_POWER + PL_c} [dBm] (2)



Agreement
For a given number of N multiple PRACH transmissions, to determine the starting RO of all the RO groups within a time period X:
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.

Agreement
For the number of SSB-to-RO association pattern periods K within the time period X,
· For multiple PRACH transmissions with different numbers, support 
One common K is implicitly determined as a minimum integer for all the configured number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB.
Agreement
For a given number of N multiple PRACH transmissions, the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, to determine the remaining N-1 ROs:
· the N-1 ROs are with the same starting RB as the starting RO.
In this contribution, we further analyze the remaining issue on PRACH coverage enhancements. 
2. Discussion
2.1 Multiple PRACH transmissions with same beam
2.1.1 Indication candidate values of multiple PRACH transmissions
It’s has been agreed that the candidate values of multiple PRACH transmissions are {2, 4, 8}, and the candidate set of multiple PRACH transmissions can be: {2},{4},{8},{2,4},{2,8},{4,8},{2,4,8}. Thus, total 7 candidate set of multiple PRACH transmissions need to be indicated by gNB. In Rel-16, an additional column is added in TDRA table to indicate the number of repetitions of PUSCH, and the time resource allocation field in DCI (for DG or type 2 CG) can be used to indicate a row of the TDRA table, then the corresponding number of repetition is also indicated, similarly, the rule can be re-used for candidate set of multiple PRACH transmissions indication. As a result, we have the following proposal. 
Proposal 1： The candidate set of multiple PRACH transmissions can be indicated by random access configuration table.
2.1.2 Multiple PRACH transmissions for CFRA
It’s reasonable to support CFRA with multiple PRACH transmissions due to the UE located at the cell edge or move to a poor coverage area, applying multiple PRACH transmissions for CFRA can improve capacity of coverage. For PDCCH ordered RA, the repetition number of multiple PRACH transmissions can be indicated by the corresponding trigger DCI to achieve flexibility, e.g. reserved bits within the trigger DCI or PRACH Mask table can be used. 
Proposal 2: For CFRA, multiple PRACH transmissions can be supported.
2.2 Starting RO determination when a time offset is configured
In CR of Rel-18 PRACH coverage enhancements [4], the description of random access preamble is shown in below:
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For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions
-	otherwise,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-   second, in increasing order of time resource indexes for time multiplexed PRACH occasions 
For a PRACH transmission triggered upon request by higher layers, a value of ra-OccasionList [12, TS 38.331], if csirs-ResourceList is provided, indicates a list of PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected CSI-RS index indicated by csi-RS. The indexing of the PRACH occasions indicated by ra-OccasionList is reset per association pattern period.

However, as agreed in RAN1 #114, “the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.” is illustrated as in figure1 (N=2, for ROs associated with SSB#0). This works for both Alt.1 and Alt.2 for the starting RO determination. As a result, we propose to add the description to determine the first valid PRACH occasion of subsequent preamble repetitions when TimeOffsetBetweenStartingRO is provided.
Proposal 3: The description as agreed in last RAN1 meeting, which is used to determine the first valid PRACH occasion of subsequent preamble repetitions for the case when TimeOffsetBetweenStartingRO is provided need to add in spec, as  highlighted.8.1	Random access preamble
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block 
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-  second, in increasing order of time resource indexes for time multiplexed PRACH occasions 

-	otherwise,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-  second, in increasing order of time resource indexes for time multiplexed PRACH occasions 
For a PRACH transmission triggered upon request by higher layers, a value of ra-OccasionList [12, TS 38.331], if csirs-ResourceList is provided, indicates a list of PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected CSI-RS index indicated by csi-RS. The indexing of the PRACH occasions indicated by ra-OccasionList is reset per association pattern period.


3. Conclusion
Based on the above analysis, the following proposals have been made:
Proposal 1： The candidate set of multiple PRACH transmissions can be indicated by random access configuration table.
Proposal 2: For CFRA, multiple PRACH transmissions can be supported.
Proposal 3: The description as agreed in last RAN1 meeting, which is used to determine the first valid PRACH occasion of subsequent preamble repetitions for the case when TimeOffsetBetweenStartingRO is provided need to add in spec, as highlighted.8.1	Random access preamble
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block 
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-  second, in increasing order of time resource indexes for time multiplexed PRACH occasions 

-	otherwise,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-  second, in increasing order of time resource indexes for time multiplexed PRACH occasions 
For a PRACH transmission triggered upon request by higher layers, a value of ra-OccasionList [12, TS 38.331], if csirs-ResourceList is provided, indicates a list of PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected CSI-RS index indicated by csi-RS. The indexing of the PRACH occasions indicated by ra-OccasionList is reset per association pattern period.
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