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Introduction
In this contribution, we continue to discuss remaining issues for PRACH coverage enhancements by multiple PRACH transmissions with the same beam in maintenance stage. More specifically, some remaining issues, such as power offset between PRACH and msg3, restriction on the number of valid ROs in a RO group, order of RO group determination, time offset value, power ramping counter, and coupling between PRACH repetition and msg3 repetition are analyzed in the following sections. 

Power offset between PRACH and msg3
For legacy single PRACH transmission, the transmission power of msg3 PUSCH is determined based on PRACH transmission power and the power offset between PRACH and msg3 PUSCH. The open loop power offset is configured by msg3-DeltaPreamble or deltaPreamble if feature combination is applied. Either the legacy msg3-DeltaPreamble or deltaPreamble is a common parameter for all the UEs with single PRACH transmission under one feature combination. The value of close loop power control parameter  , is indicated via a TPC command field in a random access response grant of the random access response message corresponding to a PRACH transmission. The related parts in specification 38.213 for the power determination of msg3 PUSCH is cited below.

	[bookmark: _Ref500774487][bookmark: _Toc12021446][bookmark: _Toc20311558][bookmark: _Toc26719383][bookmark: _Toc29894814][bookmark: _Toc29899113][bookmark: _Toc29899531][bookmark: _Toc29917268][bookmark: _Toc36498142][bookmark: _Toc45699168][bookmark: _Toc130394848][bookmark: _Ref497117847]7.1.1	UE behaviour
If a UE transmits a PUSCH on active UL BWP  of carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , the UE determines the PUSCH transmission power  in PUSCH transmission occasion  as
[image: ] [dBm]
where,
-	is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3] for carrier  of serving cell  in PUSCH transmission occasion .
-	 is a parameter composed of the sum of a component  and a component  where . 
-	If a UE established dedicated RRC connection using a Type-1 random access procedure, as described in clause 8, and is not provided P0-PUSCH-AlphaSet or for a PUSCH (re)transmission corresponding to a RAR UL grant as described in clause 8.3, 
	, , and , 
where  is provided by preambleReceivedTargetPower [11, TS 38.321] and  is provided by msg3-DeltaPreamble or deltaPreamble, or  dB if msg3-DeltaPreamble and deltaPreamble are not provided, for carrier  of serving cell 
-	If a UE established dedicated RRC connection using a Type-2 random access procedure, as described in clause 8, and is not provided P0-PUSCH-AlphaSet, or for a PUSCH transmission for Type-2 random access procedure as described in clause 8.1A, 
	, , and , 
where  is provided by msgA-preambleReceivedTargetPower, or by preambleReceivedTargetPower if msgA-preambleReceivedTargetPower is not provided and  is provided by msgA-DeltaPreamble or deltaPreamble, or  dB if msgA-DeltaPreamble and deltaPreamble are not provided, for carrier  of serving cell 
------------------------------------------------------------------------------------------------------------------------------------------   
If the UE transmits a PUSCH associated with the first RS resource index , the UE applies the first  value, the first  value, and  for determining . If the UE transmits a PUSCH associated with the second RS resource index , the UE applies the second  value, the second  value, and  or  if twoPUSCH-PC-AdjustmentStates is provided or not provided, respectively, for determining .
-	If the UE receives a random access response message in response to a PRACH transmission or a MsgA transmission on active UL BWP  of carrier  of serving cell  as described in clause 8
-	, where  and
-	 is a TPC command value indicated in a random access response grant of the random access response message corresponding to a PRACH transmission according to Type-1 random access procedure, or in a random access response grant of the random access response message corresponding to a MsgA transmission according to Type-2 random access procedure with RAR message(s) for fallbackRAR, on active UL BWP  of carrier  of serving cell , and 
-	[image: ] and  is provided by higher layers and corresponds to the total power ramp-up requested by higher layers from the first to the last random access preamble for carrier  in the serving cell ,  is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for the first PUSCH transmission on active UL BWP of carrier  of serving cell , and  is the power adjustment of first PUSCH transmission on active UL BWP  of carrier  of serving cell . 
------------------------------------------------------------------------------------------------------------------------------------------
[bookmark: _Ref491444649][bookmark: _Ref491451289][bookmark: _Ref491451291][bookmark: _Ref491451292][bookmark: _Ref491451293][bookmark: _Ref491451294][bookmark: _Ref491451297][bookmark: _Ref491458133][bookmark: _Toc12021463][bookmark: _Toc20311575][bookmark: _Toc26719400][bookmark: _Toc29894832][bookmark: _Toc29899131][bookmark: _Toc29899549][bookmark: _Toc29917286][bookmark: _Toc36498160][bookmark: _Toc45699186][bookmark: _Toc130394866]8.2	Random access response - Type-1 random access procedure
------------------------------------------------------------------------------------------------------------------------------------------
The TPC command value  is used for setting the power of the PUSCH transmission, as described in clause 7.1.1, and is interpreted according to Table 8.2-2. 
The CSI request field is reserved. 
The ChannelAccess-CPext field indicates a channel access type and CP extension for operation with shared spectrum channel access [15, TS 37.213] in FR1 as defined in Table 7.3.1.1.1-4 in [5, TS 38.212] or Table 7.3.1.1.1-4A in [5, TS 38.212] if channelAccessMode = "semiStatic" is provided. The ChannelAccess-CPext field indicates a channel access type for operation with shared spectrum channel access [15, TS 37.213] in FR2-2 as defined in Table 7.3.1.1.1-4B in [5, TS 38.212] if ChannelAccessMode2-r17 is provided.
Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	12, for operation with shared spectrum channel access in FR1 or for FR2-2 when ChannelAccessMode2-r17 is provided
14, otherwise

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1

	ChannelAccess-CPext
	2, for operation with shared spectrum channel access in FR1 or for FR2-2 when ChannelAccessMode2-r17 is provided
0, otherwise



Table 8.2-2: TPC Command  for PUSCH
	TPC Command
	Value (in dB)

	0
	-6

	1
	-4

	2
	-2

	3
	0

	4
	2

	5
	4

	6
	6

	7
	8






For multiple PRACH transmission, the basic principle of power determination for msg3 PUSCH can be reused as much as possible.  But compared to legacy single PRACH transmission, for multiple PRACH transmissions, some combinations of the number of PRACH repetitions and numbers of msg3 PUSCH repetitions are newly introduced and whether the legacy power offset mechanism can be totally reused should be investigated. The possible combinations of the number of PRACH repetitions and numbers of msg3 PUSCH repetitions are listed below. The row highlighted by green is the number of msg3 PUSCH repetitions, the column highlighted by yellow is the number of PRACH repetitions, and the row highlighted by blue is the legacy combinations of the number of PRACH and msg3 PUSCH repetitions before Rel-18.
Table 1: Combinations of PRACH repetitions and msg3 PUSCH repetitions
	# of PRACH repetitions
# of
msg3
PUSCH repetitions
	1
	2
	3
	4
	7
	8
	12
	16

	1
	1:1
	1:2
	1:3
	1:4
	1:7
	1:8
	1:12
	1:16

	2
	2:1
	2:2
	2:3
	2:4
	2:7
	2:8
	2:12
	2:16

	4
	4:1
	4:2
	4:3
	4:4
	4:7
	4:8
	4:12
	4:16

	8
	8:1
	8:2
	8:3
	8:4
	8:7
	8:8
	8:12
	8:16



For the legacy combinations, the same power determination approach and related parameters of msg3 PUSCH are used. For the non-highlighted combinations, it is not sure that the same power determination approach and related parameters can be reused again for multiple PRACH transmissions. As the feature combinations we focus are related to PRACH repetitions with msg3 PUSCH repetitions or without msg3 PUSCH repetitions, the open loop power offset for msg3 PUSCH, deltaPreamble, may need to redesign.
The intention of multiple PRACH transmission is to enhance the coverage of PRACH, compared to the case of single PARCH transmission, if multiple PRACH transmissions is applied, it means the location of UE is very far from the base station or the channel condition is very bad, i.e., the measured RSRP result is very low. In such case, the maximum number of msg3 repetitions may not be enough to satisfy the msg3 PUSCH reception, for example, for combinations of 2:16, 4:16, and 8:16. 
In another case, if a UE supports multiple PRACH transmissions, but not supports or not requests msg3 PUSCH repetition, then different value of deltaPreamble will be required by different potential combinations of 2:1, 4:1 and 8:1. For improving the performance of msg3 PUSCH for potential combination of 8:1, a larger value should be configured for deltaPreamble. However, a UE may select PRACH repetition with only 2 times and less value for deltaPreamble is needed, and then the excessive power of msg3 PUSCH transmission will be wasteful and a higher inter-cells interference will be caused.
To solve the above issues, the open loop power offset for msg3 PUSCH, deltaPreamble, can be updated as deltaPreamble-r18. The deltaPreamble-r18 configures power offset(s) for msg3 PUSCH when multiple PRACH transmissions is applied. It is well known that the legacy deltaPreamble is a common parameter for all the UEs with single PRACH transmission under one feature combination, but the structure of the parameter deltaPreamble-r18 is much different with deltaPreamble as this parameter is for varies of combinations of number of PRACH repetition and msg3 PUSCH repetition. The parameter of deltaPreamble-r18 can be a value list configured to UE, and each value in the list is for one or some of the combinations of number of PRACH repetition and msg3 PUSCH repetition. An example is illustrated in Figure 1. Base station has the full knowledge of number of PRACH repetition and msg3 PUSCH repetition for UE, so when UE determines a combination of number of PRACH repetition and msg3 PUSCH repetition, the value in deltaPreamble-r18 is chosen by UE and the base station also knows the chosen value in deltaPreamble-r18.
[image: ]
Figure 1 list of value of deltaPreamble-r18

Proposal 1: Investigate how to enhance msg3 PUSCH transmission power, when multiple PRACH transmissions is applied.
Proposal 2: Enhance the power offset for msg3 PUSCH with introduction of new parameter of deltaPreamble-r18 for multiple PRACH transmissions.
Proposal 3: Parameter of deltaPreamble-r18 configures a list of value for varies combinations of number of PRACH repetition and number of msg3 PUSCH repetition.

Restriction on the number of valid ROs in a RO group
The issue of how to determine the last RO group within the time period was discussed in last meeting [1], and one possible specification change was proposed as highlighted with yellow:
	Within a time period, forFor set(s) of  valid PRACH occasions associated with an SS/PBCH block for a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-  A first valid PRACH occasion of a set is determined only if -1 subsequent valid PRACH occasions of the set can be determined within the time period
-	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 repetitionsset is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding toof the previous set  preamble repetitions
-	otherwise,
-	the first valid PRACH occasion of the first  preamble repetitionsset is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitionssets, if any, is determined after the ROs determined for the previous  preamble repetitionsset 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 change highlighted in yellow was based on the previous agreement and number of valid ROs in the last RO group is not allowed to be smaller than the configured number of multiple PRACH transmissions. Otherwise, the last RO group with insufficient valid ROs is not a valid RO group.
	Agreement (RAN1 #112bis)
· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.
· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.



The proposed change seems fine to capture the agreement, and we can continue to discuss whether to adopt the change.
Proposal 4: Continue to discuss whether to adopt the change as below:
	-  A first valid PRACH occasion of a set is determined only if -1 subsequent valid PRACH occasions of the set can be determined within the time period



Order of RO group determination
The current TS 38.213 doesn’t totally adopt the order of RO group determination based on the highlighted part in the previous agreement. 
	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.



Figure 2 is illustrated to compare the possible consequences from the current specification and agreement.
[image: ]
Figure 2  Comparison between the order of RO groups following different descriptions

From Figure 2, the difference is on the ordering of RO group. The current specification seems not correctly capture the agreement although the ordering of RO group is not a critical issue for multiple PRACH transmission. The current specification can be kept or changed according to the agreement.
Proposal 5: Be open to whether to change the specification according to the agreement.

Time offset value
In RAN1#114bis meeting, an agreement on the values of time offset was achieved and some other values were proposed in offline discussion.
	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



	Offline proposal:
· {10,16, 20, 32}, for RO groups for 8 repetitions
· {5/6, 8, 16, 32}, for RO groups for 4 repetitions
· {4, 8,16, 32}, for RO groups for 2 repetitions



Some uneven values such as 5, 6, 10, and 20 were proposed offline in order to improve the latency. The latency under multiple PRACH transmissions is not the big issue as we discussed before, so we suggest not introducing the uneven values as we have not agreed them anymore. 
For the values in the brackets, although we think the probability to use such lower RO group density is very low, we can accept these values to provide more flexibility. 
Proposal 6: Confirm the time offset value 16 and 32 in square brackets.

Although we propose to determine the values in the scope of last meeting agreement, we also analyse the available RO groups based on the above uneven candidate time offset values. 
[image: ]
Figure 3 RO groups with different time offset for 4 PRACH repetitions within 32 ROs
Table 2 RO group density based on different time offset values
	Time offset value
	Available RO groups at most within 32 valid ROs. 

	2 PRACH repetitions

	4
	8

	8
	4

	16
	2

	32
	1

	4 PRACH repetitions

	5
	6

	6
	5

	8
	4

	16
	2

	32
	1

	8 PRACH repetitions

	10
	3

	16
	2

	20
	2

	32
	1


The number of available RO groups within 32 valid ROs reflects the RO group density. 
For 4 PRACH repetitions, time offset 5 and 6 provide close RO group density, then value 5 is more preferred as the latency is better if down selection is needed. 
For 8 PRACH repetitions, time offset 16 and 20 both provide the same RO group density, then value 16 is more preferred as the latency is better if down selection is needed.
Proposal 7: If uneven value of time offset to reduce the latency is needed, value 6 for 4 PRACH repetitions and value 20 for 8 PRACH repetitions are NOT preferred.

Power ramping counter
For single PRACH transmission, due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in TS 38.213 clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in TS 38.213 clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, the UE does not transmit a PRACH in a transmission occasion, Layer 1 notifies higher layers to suspend the corresponding power ramping counter.
The reason for suspending the power ramping counter is as the PRACH transmission has been dropped or the power has been reduced, the power ramping is meaningless for UE. Two basic options can be assumed for analysis of power ramping counter for multiple PRACH transmissions.
· Option 1: 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.
· Option 2: Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in any of PRACH occasions are dropped or with reduced transmit power.
If Option 1, it means if any one of PRACH occasions is not dropped or transmitting power of any one is not reduced, the power ramping counter for the total RO group will add one. It seems reasonable as at least one PRACH occasion has the ability to improve the transmitting power.
If Option 2, it means if any one of PRACH occasions is dropped or transmitting power is not reduced, the power ramping counter for the total RO group will suspend. It seems not efficient to not improve power for other PRACH occasions even though the power of these PRACH occasions has not been suppressed.
Then Option 1 is preferred.
Proposal 8: 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 transmission power.
Coupling between PRACH repetition and Msg3 repetition
Msg3 repetition has been specified in Rel-17. When multiple PRACH transmissions is applied, is there any relationship or restriction between PRACH repetition and Msg3 repetition? 
Considering the intention of multiple PRACH transmissions and Msg3 repetition are the same for the coverage enhancement, when multiple PRACH transmission is applied, the RSRP is very low to be more likely lower than the threshold for msg3 PUSCH repetition. So it is better to enable the Msg3 repetition by default if multiple PRACH transmissions is applied for Rel-18 UE.
Proposal 9: The coupling between PRACH repetitions and Msg3 repetitions should be supported, e.g., enable the Msg3 repetition by default if multiple PRACH transmissions is applied.

TP for all ROs in one RO group are associated with the same SSB(s)
In RAN1#114bis meeting, an agreement on the clarification of all ROs in one RO group associated with the same SSB(s) was achieved. 
	Agreement
All ROs in one RO group are associated with the same SSB(s), which means:
· If each RO is associated with one SSB, all ROs in one RO group are associated with the same SSB index.
· If each RO is associated with multiple SSB, all ROs in one RO group are associated with the same SSB indexes and each same SSB index of the SSB indexes is associated with the same preambles.
Note: Potential spec. impact will be further investigated.



The specification impact is needed to capture this agreement, because the plural of SSB(s) here may be confused with  SS/PBCH block indexes. A TP is proposed to capture the above agreement. The relative change is based on the editor CR post RAN1#114bis [2].
	[bookmark: _Toc12021451][bookmark: _Toc20311563][bookmark: _Toc26719388][bookmark: _Toc29894819][bookmark: _Toc29899118][bookmark: _Toc29899536][bookmark: _Toc29917273][bookmark: _Toc36498147][bookmark: _Toc45699173][bookmark: _Toc130394853][bookmark: _Ref491459187]*** Unchanged parts are omitted ***
[bookmark: _Ref491452917][bookmark: _Toc12021462][bookmark: _Toc20311574][bookmark: _Toc26719399][bookmark: _Toc29894830][bookmark: _Toc29899129][bookmark: _Toc29899547][bookmark: _Toc29917284][bookmark: _Toc36498158][bookmark: _Toc45699184][bookmark: _Toc146214407]8.1	Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index or are associated with the same SSB indexes and each same SSB index is associated with the same preambles.
*** Unchanged parts are omitted ***



The TP can also solve the issue of counting of TimeOffsetBetweenStartingRO-r18. Then no more change is expected for the counting of TimeOffsetBetweenStartingRO-r18.
Proposal 10: A TP for all ROs in one RO group are associated with the same SSB(s) is proposed as below:
	*** Unchanged parts are omitted ***
8.1	Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index or are associated with the same SSB indexes and each same SSB index is associated with the same preambles.
*** Unchanged parts are omitted ***



Conclusion
According to the discussion above, we have the following proposals.
Power offset
Proposal 1: Investigate how to enhance msg3 PUSCH transmission power, when multiple PRACH transmissions is applied.
Proposal 2: Enhance the power offset for msg3 PUSCH with introduction of new parameter of deltaPreamble-r18 for multiple PRACH transmissions.
Proposal 3: Parameter of deltaPreamble-r18 configures a list of value for varies combinations of number of PRACH repetition and number of msg3 PUSCH repetition.
Restriction on the number of valid ROs
Proposal 4: Continue to discuss whether to adopt the change as below:
	-  A first valid PRACH occasion of a set is determined only if -1 subsequent valid PRACH occasions of the set can be determined within the time period


Order of RO group
Proposal 5: Be open to whether to change the specification according to the agreement.
Time offset values
Proposal 6: Confirm the time offset value 16 and 32 in square brackets.
Proposal 7: If uneven value of time offset to reduce the latency is needed, value 6 for 4 PRACH repetitions and value 20 for 8 PRACH repetitions are NOT preferred.
Power ramping counter
Proposal 8: 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 transmission power.
Coupling between PRACH repetition and msg3 repetition
Proposal 9: The coupling between PRACH repetitions and Msg3 repetitions should be supported, e.g., enable the Msg3 repetition by default if multiple PRACH transmissions is applied.
TP for all ROs in one RO group are associated with the same SSB(s)
Proposal 10: A TP for all ROs in one RO group are associated with the same SSB(s) is proposed as below:
	*** Unchanged parts are omitted ***
8.1	Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index or are associated with the same SSB indexes and each same SSB index is associated with the same preambles.
*** Unchanged parts are omitted ***
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