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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In this contribution, we discuss the remaining issues on PRACH coverage enhancement.
Discussion
1.1     Determination of the number of multiple PRACH transmissions
In RAN1 #111 meeting[1], the following agreement was achieved.
	Agreement
· For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
· Note: whether to support multiple numbers of PRACH transmissions is separately discussed.


In RAN1 #113 meeting[2], the following proposal was proposed to add an additional condition on the determination of the number of multiple PRACH transmissions.
	Proposal 7-1 v5
For the first RACH attempt, the UE determines
· whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE reaches maximum transmission power.
· if multiple PRACH transmissions are performed, the number of multiple PRACH transmissions based on SSB-RSRP threshold(s).


From our perspective, we prefer only to use SSB-RSRP threshold(s) to determine the number of multiple PRACH transmissions. In addition, the following conclusion was achieved in terms of power calculation method. Thus, the calculated transmission power for each transmission is the same. 
	Conclusion (RAN1 #114)
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.
Conclusion (RAN1 #114bis)
For multiple PRACH transmission with the same Tx beam, the equation of Rel-17 NR PRACH as follows  is reused for calculating the transmission power of each PRACH transmission, where  stands for the corresponding transmission occasion of each of the multiple PRACH transmissions.


Then, if we set a condition that “whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE reaches maximum transmission power”, it actually indicates that for multiple PRACH transmissions, each transmission will utilize the maximum transmission power. This is not reasonable, since it actually disables the open loop power control. Thus, we don’t think the trigger of multiple PRACH transmissions is based on the calculated power. Based on current agreement, i.e., “at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt”, we think it is enough, thus no other spec. effort is required.
Proposal 1: No additional spec. impact is introduced for determination the number of multiple PRACH transmissions for the first RACH attempt, i.e., only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least.
1.2     Value range of time offset
During the discussion in RAN1 #114bis [3], the following agreement was achieved.
	Agreement
The candidate value of TimeOffsetBetweenStartingRO-r18 is proposed as below
· {16, [32]}, for RO groups for 8 repetitions
· {8, 16, [32]}, for RO groups for 4 repetitions
· {4, 8, [16, 32]}, for RO groups for 2 repetitions



From our understanding, if the candidate values for TimeOffsetBetweenStartingRO-r18 is set as integer multiple of valid ROs of the RO group, the function of time offset is equivalent to a kind of RO group mask, which can disable some RO groups and control the density of RO groups. In addition, if the value is larger than “the total valid ROs in time domain within a time period minus the length of the RO group”, then there will be only one RO group within the time period. Thus, we think larger candidate values also make sense. However, to make the progress, we can live with some other values that are not the integer multiple of valid ROs of the RO group. Thus, we have the following proposal
Proposal 2: The candidate value of TimeOffsetBetweenStartingRO-r18 is updated as follows
· {10,16, 20, [32]}, for RO groups for 8 repetitions
· {6, 8, 16, [32]}, for RO groups for 4 repetitions
· {4, 8, [16, 32]}, for RO groups for 2 repetitions
1.3     How to count time offset
In RAN1 #114 meeting, the following agreement was achieved.
	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.



Based on the above agreement, it can be known that “all the ROs mentioned in the agreement are valid ROs associated with the given same SSB(s)”. Considering “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 ”, thus only the valid ROs associated with the given same SSB(s) is counted for time offset.
Proposal 3: TimeOffsetBetweenStartingRO-r18 is counted in unit of valid ROs associated with the given same SSB(s).
1.4     Power ramping counter
For single PRACH transmission, Layer 1 notifies higher layers to suspend the corresponding power ramping counter in case of reduced transmit power of PRACH or UE does not transmit a PRACH in a transmission occasion. For multiple PRACH transmission, it needs to be discussed when to suspend the counter.
In FL summary [4], the following draft proposal was proposed.
	Draft proposal
For multiple PRACH transmissions with the 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. Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in any of PRACH occasions are dropped or with reduced transmit power.



We support the above draft proposal.
Proposal 4: For multiple PRACH transmissions with the 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. Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in any of PRACH occasions are dropped or with reduced transmit power.
1.5     Ordering of RO group determination
In RAN1 #114 meeting, the following agreements was achieved.
	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.


For current editor CR on TS 38.213[5], we think Note1 is missing and “after the ROs” in the sentence “the first valid PRACH occasion of subsequent sets, if any, is determined after the ROs determined for the previous set according to an ordering of valid PRACH occasions” may cause some ambiguities especially about the understanding of “after the ROs” in the frequency domain. 
The easiest way is to reform the sentences similar to the description for the case when TimeOffsetBetweenStartingRO is provided. For example:
	-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after the ROs determined for the previous set 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 



However, the ordering is then meaningless, which seems violate the previous agreement. Although we think it doesn’t matter whether we define the ordering in frequency first and time second, or time first and frequency second, they’ll result in the same “RO group” determination, it may be not good to violate the previous agreement. Thus, we need to find a proper way to capture the intention of Note 1 in current spec.
Proposal 5: Further clarification on the ordering of RO group determination in the spec. is needed.
Conclusions
In this contribution, we discuss remaining issues on PRACH coverage enhancement and have following proposals:
Proposal 1: No additional spec. impact is introduced for determination the number of multiple PRACH transmissions for the first RACH attempt, i.e., only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least.
Proposal 2: The candidate value of TimeOffsetBetweenStartingRO-r18 is updated as follows
· {10,16, 20, [32]}, for RO groups for 8 repetitions
· {6, 8, 16, [32]}, for RO groups for 4 repetitions
· {4, 8, [16, 32]}, for RO groups for 2 repetitions
Proposal 3: TimeOffsetBetweenStartingRO-r18 is counted in unit of valid ROs associated with the given same SSB(s).
Proposal 4: For multiple PRACH transmissions with the 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. Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in any of PRACH occasions are dropped or with reduced transmit power.
Proposal 5: Further clarification on the ordering of RO group determination in the spec. is needed.
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