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[bookmark: _Ref506539118]Introduction
At the RAN1#114 meeting, the following conclusions and agreements were made regarding PRACH coverage enhancement [1]:
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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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 the contribution, we present our views on remaining issues for PRACH coverage enhancement. Our views on remaining issues for power domain enhancement and dynamic switching between DFT-S-OFDM and CP-OFDM waveform are described in our companion contribution [2] and [3], respectively. 
Remaining issues on multiple PRACH transmissions
Same preamble index and Tx beam 
At the RAN1#110b-e and RAN1#112b-e meeting, the following agreement and conclusion were made regarding the same PRACH preamble for multiple PRACH transmissions. 
	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.
Conclusion
There is no consensus to support utilizing different preambles during the multiple PRACH transmissions with the same Tx beam in one attempt.


Further, at the RAN1#113 meeting, the following conclusion was made regarding multiple PRACH transmissions with different Tx beams. This indicates that in Rel-18, only multiple PRACH transmissions with same Tx beams is supported. 
	Conclusion
There is no consensus to support Multiple PRACH transmission with different Tx beams in Rel-18.


In addition, at the RAN1#113 meeting, the following agreement was made regarding the cancellation of PRACH transmission.
	Agreement
If one or more PRACH transmission(s) of the multiple PRACH transmissions in one PRACH attempt are dropped based on the rules causing to drop PRACH transmission(s) in existing spec., the dropped PRACH transmission(s) is not postponed.
· FFS: whether to introduce new rules causing to drop PRACH transmission.
· FFS: whether there is standard impact if the dropped PRACH transmission affect the remaining PRACH transmission within the same RO group.


However, same preamble index and same Tx beam used for multiple PRACH transmissions were not captured in the editor CR in TS38.213 [4]. Further, UE may need to cancel one or more PRACH transmissions due to collision in case when  is configured for PRACH preamble repetitions. In this regard, a PRACH may not be transmitted on the determined  resources in case of  preamble repetitions. 
To address these issues, the following TP is proposed for the same preamble index and same Tx beam used for multiple PRACH transmissions. 
	------------------------------   TP#1: TS 38.213 -----------------------------------
[bookmark: _Ref491452917][bookmark: _Toc12021462][bookmark: _Toc20311574][bookmark: _Toc26719399][bookmark: _Toc29894830][bookmark: _Toc29899129][bookmark: _Toc29899547][bookmark: _Toc29917284][bookmark: _Toc36498158][bookmark: _Toc45699184][bookmark: _Toc137056378]8.1	Random access preamble
< Unchanged text omitted >
Physical random access procedure for a UE is triggered upon request of a PRACH transmission by higher layers or by a PDCCH order. A configuration by higher layers for a PRACH transmission includes the following: 
-	A configuration for PRACH transmission [4, TS 38.211]. 
-	A preamble index, a preamble SCS, , a corresponding RA-RNTI, and a PRACH resource. 
-	A number of  preamble repetitions for the PRACH transmission if the UE would transmit the PRACH with repetitions. 
A PRACH is transmitted using the selected PRACH format with transmission power , as described in clause 7.4, on the indicated PRACH resource or on determined  resources in case of  preamble repetitions.
For Type-1 random access procedure with preamble repetitions, a PRACH is transmitted using a same preamble index and spatial domain filter. 
< Unchanged text omitted >


Proposal 1
· Agree on TP#1 for same preamble index and same Tx beam for multiple PRACH transmissions. 

Time period for multiple PRACH transmissions
At the RAN1#113 meeting, the following agreement was made regarding time period for multiple PRACH transmissions:
	Agreement
A set of RO group(s) for a configured number of multiple PRACH transmissions is determined/configured within a time period X, starting from frame 0. The determined/configured set of RO groups repeats every time period X.
· The time period X is K SSB-to-RO association pattern periods.
· Note: Whether/how to introduce SSB-to-RO group mapping
· FFS: K is configured by the network or determined based on some rule.


As indicated in the agreement, the determined set of RO groups repeats every time period. It should be noted that the set of RO groups may be determined for more than one multiple PRACH transmissions, instead of a PRACH transmission, which was inaccurately captured in the editor CR in TS38.213 [4]. To address this issue, the following TP is proposed for time period for multiple PRACH transmissions:
	------------------------------   TP#2: TS 38.213 -----------------------------------
8.1	Random access preamble
< Unchanged text omitted >
For a PRACH transmission with  preamble repetitions, a time period, starting from frame 0, is the smallest integer number of SS/PBCH block to PRACH occasion association pattern periods such that  SS/PBCH block indexes are mapped at least once to  PRACH occasions within the time period for each configured  number of preamble repetitions. The set of PRACH occasions for a PRACH transmission associated with  SS/PBCH block indexes repeats every time period.
< Unchanged text omitted >


Proposal 2
· Agree on TP#2 for time period for multiple PRACH transmissions. 

Association between SSB and RO group
At the RAN1#114 meeting, the following two agreements were made for association between SSB and RO group for multiple PRACH transmissions [1]:

	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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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.
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.



From the above two agreements, it is evident that in case when the time offset is configured, the starting RO of other RO groups after the first RO group in different frequency resources follows the frequency first and time second ordering within the time period. However, as captured in the editor CR in TS38.213 [4], when the time offset is configured, the description on the starting RO of other RO groups may imply time first and frequency second ordering, which would not align with the above agreements. Figure 1 illustrates the interpretation of both agreements and editor CR. From the figures, it can be observed that the determination of 2nd RO group to 4th RO group may differ based on these two interpretations.  
It should be noted that this may not introduce different UE behaviors given that only CBRA is supported for multiple PRACH transmissions where UE may randomly select one RO group for multiple PRACH transmissions. In this regard, the ordering of the set of RO groups associated with an SSB index within the time period may not be critical. However, it may be more appropriate to follow the agreement sand ensure the same ordering for RO groups regardless of whether time offset is configured or not. 
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[bookmark: _Ref146542168]Figure 1. Interpretation of ordering of starting RO of subsequent RO groups.
Based on the discussions above, the following TP is proposed for ordering of starting RO of subsequent RO groups for association between SSB and RO group within the time period. 
	------------------------------   TP#3: TS 38.213 -----------------------------------
8.1	Random access preamble
< Unchanged text omitted >
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,
[bookmark: _Hlk144760579]-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 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
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions
-	otherwise if TimeOffsetBetweenStartingRO is not provided,
-	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 
< Unchanged text omitted >


Proposal 3
· Agree on TP#3 for ordering of starting RO of subsequent RO groups for association between SSB and RO group within the time period.

Unused PRACH occasions for multiple PRACH transmissions
As defined for single PRACH transmission, PRACH occasions not associated with SS/PBCH block indexes after an integer number of association periods are not used for PRACH transmissions. The same design principle can also apply to the multiple PRACH transmissions. In particular, for a given repetition number N, if N PRACH occasions associated with SS/PBCH block indexes cannot be mapped within a time period for multiple PRACH transmissions, the N PRACH occasions are not used for multiple PRACH transmissions. 
It should be noted that this may also depend on whether separate preambles on shared ROs or separate ROs are used to differentiate between single and multiple PRACH transmissions. In case when separate preambles on shared ROs are utilized for differentiation of single and multiple PRACH transmissions, even if the N PRACH occasions are not mapped within the time period, the N PRACH occasions may still be used for single PRACH transmission, which can also ensure backward compatibility. 
Proposal 4
· For a given repetition number N, if N PRACH occasions associated with SS/PBCH block indexes cannot be mapped within a time period, the N PRACH occasions are not used for multiple PRACH transmissions. 

Determination of number of multiple PRACH transmissions
At the RAN1#111 meeting, it was agreed that SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt. In this case, when the measured SSB-RSRP is lower than an RSPR threshold, UE may trigger multiple PRACH transmissions with same Tx beam. Further, if multiple number of multiple PRACH transmissions are configured for multiple PRACH transmissions, multiple thresholds may need to be configured accordingly for proper operation. It should be noted that similar to triggering of 2-step and 4-step RACH procedure and request of Msg3 repetition, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt if multiple values are configured. 
For UEs that support both multiple PRACH transmissions and Msg3 PUSCH repetitions, a common SSB-RSRP threshold may be applied for multiple PRACH transmissions and request of Msg3 PUSCH repetitions. In this case, after successfully detecting the multiple PRACH transmission, gNB may have good knowledge of channel condition of UE and can inform UE to transmit Msg3 PUSCH with appropriate number of repetitions. 
Proposal 5
· Only SSB-RSRP threshold(s) are used to determine the number of multiple PRACH transmissions at least for the first RACH attempt if multiple values are configured. 
· A common SSB-RSRP threshold may be applied for multiple PRACH transmissions and request of Msg3 PUSCH repetitions.

Power ramping counter for multiple PRACH transmissions
As defined for single PRACH transmission, when PRACH transmission in a PRACH occasion is dropped due to power allocation or collision with semi-static DL symbols, etc, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. The same design is also applied if UE transmits a PRACH with reduced power in a transmission occasion. 
For multiple PRACH transmissions, if PRACH transmission in only one of PRACH occasions is dropped or with reduced transmit power due to collision or power allocation, etc., it may be more appropriate not to suspend the power ramping counter so as to reduce the latency for multiple PRACH retransmissions. In particular, for multiple PRACH transmissions with same Tx beam, Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH in all of PRACH occasions are dropped or with reduced transmit power.
Proposal 6
· For multiple PRACH transmissions with same Tx beam, Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped or with reduced transmit power.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on PRACH coverage enhancement. Further, we summarize the observations and proposals as follows:
Proposal 1
· Agree on TP#1 for same preamble index and same Tx beam for multiple PRACH transmissions. 
Proposal 2
· Agree on TP#2 for time period for multiple PRACH transmissions. 
Proposal 3
· Agree on TP#3 for ordering of starting RO of subsequent RO groups for association between SSB and RO group within the time period.
Proposal 4
· For a given repetition number N, if N PRACH occasions associated with SS/PBCH block indexes cannot be mapped within a time period, the N PRACH occasions are not used for multiple PRACH transmissions. 
Proposal 5
· Only SSB-RSRP threshold(s) are used to determine the number of multiple PRACH transmissions at least for the first RACH attempt if multiple values are configured. 
· A common SSB-RSRP threshold may be applied for multiple PRACH transmissions and request of Msg3 PUSCH repetitions.
Proposal 6
· For multiple PRACH transmissions with same Tx beam, Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped or with reduced transmit power.
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