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Introduction
In this contribution, we continue to discuss remaining issues for Rel-18 coverage enhancements. More specifically, some remaining issues about multiple PRACH transmissions and dynamic waveform switching, such as power ramping counter and PRACH mask index, TP for PHR and special scenario for PHR in CA, are analyzed in the following sections. 
Multiple PRACH transmissions
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 clause 11.1 in TS 38.213, 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, and Layer 1 notifies higher layers to suspend the corresponding power ramping counter.
The reason for suspending the power ramping counter is that the counter on power ramping of a PRACH transmission is meaningless for a UE if the PRACH transmission has been dropped or the power has been reduced. 
Multiple PRACH transmissions has the similar scenario to drop the PRACH transmission on any of the set of PRACH occasions for multiple PRACH transmissions. And each of the multiple PRACH transmissions is treated as the single PRACH transmission to follow the legacy dropping rule at least. Furthermore, if the UE does not indicate capability-XYZ, the UE does not transmit a first repetition of the PRACH and a second repetition of the PRACH when a first or last symbol of the first repetition of the PRACH in a first slot is separated by less than N symbols from the last or first symbol, respectively, of the second repetition of the PRACH in a second slot; otherwise, the UE transmits the first repetition of the PRACH and the second repetition of the PRACH [1]. 
The UE behaviour on the power ramping counter for multiple PRACH transmissions is quite different from that of single PRACH transmission. Three dimensions for this issue should be considered together.
First dimension: 
At least one PRACH transmission is dropped, or all the PRACH transmissions are dropped? Two options are provided to solve the issue of power ramping counter suspension corresponding the above two cases.
· Option 1: Suspend the power ramping counter when PRACH transmission in all of PRACH occasions are dropped.
· Option 2: Suspend the power ramping counter when PRACH transmission in at least one PRACH occasion is dropped.
Second dimension:
The transmitting power of at least one PRACH transmission is reduced, or of all PRACH transmissions are reduced?  There are also two options to handle the issue of power ramping counter suspension corresponding the above two cases.
· Option 1: Suspend the power ramping counter when transmitting power is reduced on PRACH transmission in all of PRACH occasions.
· Option 2: Suspend the power ramping counter when transmitting power is reduced on PRACH transmission in at least one PRACH occasion.
Third dimension:
Layer 1 should notify higher layers to suspend the corresponding power ramping counter or MAY notify higher layers to suspend the corresponding power ramping counter?
The alternative combinations of the above three dimensions are discussed in RAN1#115 meeting, and five options are to be down selected at RAN1#116 for power ramping counter suspension for multiple PRACH transmissions [2].
	Agreement
For multiple PRACH transmissions, down-select one of the following options at RAN1#116:
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.
· 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.
Option 1a:
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission on part of PRACH occasions are dropped or when PRACH transmission in any of PRACH occasions is with reduced transmit power.
Option 2:
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is dropped or with reduced transmit power.
Note: this implies it’s up to UE implementation.
Option 2a:
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is with reduced transmit power.
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is dropped.
Option 3:
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are with reduced transmit power.
Note: whether any of the above options have specification impact is a separate discussion.



[bookmark: OLE_LINK1]In the legacy behaviour on suspension of power ramping counter, when the PRACH is dropped, Layer 1 should notify higher layers to suspend the corresponding power ramping counter. When the transmitting power of PRACH is reduced, Layer 1 may notify higher layers to suspend the corresponding power ramping counter. The same principle to differentiate the dropping and power reducing should be reused for multiple PRACH transmissions to keep the less specification impact. 
Further, the power ramping mechanism is to define the power relationship between different RACH attempts. That is, the suspension of power ramping counter means the power will not be ramped when PRACH reattempt is triggered. Therefore, this issue can also be considered in the dimension of RACH attempt for the sake of simplicity. Then, the behavior of legacy can be interpreted as: when the PRACH transmission in a RACH attempt is dropped or transmitting power of the PRACH transmission in a RACH attempt is reduced, the power ramping counter is considered to be suspended. 
According to this principle, only when the PRACH transmissions in all of the set of PRACH occasions are dropped or has reduced power, the whole RACH attempt is considered as invalid from power domain aspect and the power will not be ramped for the next reattempt. If at least one PRACH transmissions in the set of multiple PRACH transmissions are not dropped or does not have reduced power, the whole RACH attempt is considered as valid and the power of PRACH reattempt should be ramped. 
Obviously, the Option 3 in the above agreement is preferred.
[bookmark: OLE_LINK4]Proposal 1: For multiple PRACH transmissions,
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are with reduced transmit power.
[bookmark: OLE_LINK5]The TP for section 7.4 of TS 38.213 is proposed as below:
	[bookmark: _Toc26719388][bookmark: _Toc20311563][bookmark: _Toc146214396][bookmark: _Toc12021451][bookmark: _Toc29899536][bookmark: _Toc45699173][bookmark: _Toc29917273][bookmark: _Toc29894819][bookmark: _Toc29899118][bookmark: _Toc36498147][bookmark: _Ref491459187]7.4	Physical random access channel
<-------------------------------- unchanged text omitted ------------------------------->
[bookmark: OLE_LINK2]If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in 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 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, or due to DAPS operation as described in clause 15, or due to HD-UE operation in paired spectrum as described in clause 17.2, the UE does not transmit a PRACH in a transmission occasion or PRACH transmissions in any one of the set of transmission occasions for multiple PRACH transmissions, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, the UE transmits a PRACH with reduced power in a transmission occasion or the UE transmit PRACH transmissions with reduced power in all of the set of transmission occasions for multiple PRACH transmissions, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.
<-------------------------------- unchanged text omitted ------------------------------->



PRACH mask index
The issue about PRACH mask index for multiple PRACH transmissions is valid as multiple PRACH transmissions still supports CFRA. In CFRA scenario for single PRACH transmission, PRACH mask index can indicate the RO to be used. 
PRACH mask index indication is more practical when SSB-PerRACH-Occasion is configured smaller than 1. When one SSB is associated with multiple ROs, the parameter of PRACH mask index will indicate one of RO for PRACH transmission. In the PRACH mask index table, index 0 allows UE to randomly select one RO in all the available ROs, index 9 or 10 allows UE to select one RO in all the even or odd available ROs. And other non-reserved indexes allow UE to select the corresponding RO according to the value of PRACH occasion index.
Table 7.4-1: PRACH Mask Index values
	PRACH Mask Index/
msgA-SSB-SharedRO-MaskIndex/
ssb-SharedRO-MaskIndex
	Allowed PRACH occasion(s) of SSB

	0
	All

	1
	PRACH occasion index 1

	2
	PRACH occasion index 2

	3
	PRACH occasion index 3

	4
	PRACH occasion index 4

	5
	PRACH occasion index 5

	6
	PRACH occasion index 6

	7
	PRACH occasion index 7

	8
	PRACH occasion index 8

	9
	Every even PRACH occasion

	10
	Every odd PRACH occasion

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



[bookmark: _GoBack]For multiple PRACH transmissions, CFRA has been agreed to be supported in handover scenario, and it is still possible to configure SSB-PerRACH-Occasion smaller than 1. So, whether to use PRACH mask index for multiple PRACH transmissions should be determined at first. 
In RAN1#115 meeting, four options for how to use PRACH mask index for multiple PRACH transmission are discussed for further down selection. 
	Agreement
For multiple PRACH transmissions with indication of PRACH mask index, down-select one of the following options at RAN1#116
· Option 1: UE applies PRACH mask prior to RO group determination. RO group is determined based on the ROs indicated by the PRACH mask index.
· Option 2: UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group with all the ROs indicated by the mask.
· Option 3: UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group where at least one RO of this RO group is indicated by the mask
· Option 4: UE applies PRACH mask after RO group determination. The PRACH mask index indicates one or multiple RO groups for multiple PRACH transmission.
· Note: this implies the PRACH mask index indicates the RO group instead of RO index(es). 



An example is showed in below Figure, where the parameter SSB-PerRACH-Occasion is 1/8 and FDM=4, two SSBs mapping to ROs and the number of set of multiple PRACH transmissions is 4. In the upper part of Figure 1, PRACH mask index is not used for RO group determination for multiple PRACH transmissions. All the ROs associated to a same SSB can be involved in the RO group determination. 
[image: ]
Figure 1: RO group determination w/ or w/o using PRACH mask index
In the below part of Figure 1, PRACH mask index is used. We assume the PRACH occasion index 1 is indicated to be the available RO for RO grouping. 
For option 1, in the same time period, the RO group with repetition factor = 4 can not be successfully determined. The longer time period is needed to group 4 ROs. 
For option 2, there will be no RO group can be used for multiple PRACH transmissions as not all ROs in any RO group are indicated by the PRACH mask index. In this option, only PRACH occasion index 0, i.e., ‘All’ is valid. However, this is the same as that PRACH mask is not used for multiple PRACH transmission. 
Regarding option 3, we recommend that the solution be changed from ‘at least one RO of this RO group’ to ‘the first RO of this RO group’. On one hand, according to a current manner of determining the RO group, a first valid RO in the RO group is first selected during formation of each RO group. This makes it very easy to combine with the PRACH mask index mechanism, i.e., to determine whether the first valid RO is indicated by the PRACH mask index, and further determine whether the corresponding RO group is valid. As a result, minimal standardization impact can be expected. On the other hand, it does not increase the RO group period while effectively restricting RO group selection. 
As for option 4, a largest specification impact can be expected, as the meaning of PRACH mask index has changed from ‘RO’ to ‘RO group’. We need to further discuss how to number the RO group and in which range the ‘RO group mask index’ is indicated.
According to the above analysis, we prefer the updated option 3, that is, ‘UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group where the first RO of this RO group is indicated by the mask’.
Proposal 2: UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group where the first RO of this RO group is indicated by the mask. 
The TP for section 8.1 of TS 38.213 is proposed as below:
	[bookmark: _Toc36498158][bookmark: _Toc29894830][bookmark: _Ref491452917][bookmark: _Toc26719399][bookmark: _Toc29917284][bookmark: _Toc29899547][bookmark: _Toc12021462][bookmark: _Toc146214407][bookmark: _Toc45699184][bookmark: _Toc29899129][bookmark: _Toc20311574]8.1	Random access preamble
[bookmark: OLE_LINK3]<-------------------------------- unchanged text omitted ------------------------------->
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with preamble repetitions a set of  valid ROs for the indicated SS/PBCH block index where the first valid PRACH occasion of the set is indicated by PRACH mask index value in the first available mapping cycle.
<-------------------------------- unchanged text omitted ------------------------------->



Dynamic waveform switching
TP for PHR
In RAN1#115 meeting, a TP for adopting the agreement on PHR was discussed. There are two options to be further determined as below [3]:
	FL proposal 4-2r2: 
TP 4-2r6-Opt1 [in section 4.3 of R1-2312622] is endorsed as baseline for TS38.213 clause 7.7.1.
Select between following options at RAN1#116:
· Option 1: Reporting of PCMAX,f,c for assumed PUSCH is specified as per RAN1#114 agreements only.
· Option 2: Reporting of PCMAX,f,c for assumed PUSCH is specified as per RAN1#114 agreements with additional restriction that actual PUSCH is scheduled by a PDCCH indicating if transform precoder is enabled or disabled. 



For Option 1, any PUSCH can be regarded as the actual PUSCH, even including the CG-PUSCH or PUSCH scheduled by DCI format 0_0/0_3, if DWS field is configured for at least one DCI format for the BWP of the actual PUSCH. 
For Option 2, only the PUSCH scheduled by DCI format 0_1 or 0_2 can be treated as actual PUSCH to refer to the reporting of PCMAX,f,c for assumed PUSCH, if DWS field is configured for the BWP. 
If the CG-PUSCH or PUSCH scheduled by DCI format 0_0/0_3 can be the actual PUSCH to determine the PCMAX,f,c for assumed PUSCH in Option 1, it is not helpful to the function of dynamic waveform switching because the CG-PUSCH or PUSCH scheduled by DCI format 0_0/0_3 is not applicable for the dynamic waveform switching. In addition, this may unnecessarily limit transmission parameters of the CG-PUSCH or PUSCH scheduled by the 0-0/0-3. The reported PCMAX,f,c for assumed PUSCH with the same parameter of CG-PUSCH or PUSCH scheduled by DCI format 0_0/0_3 is not suitable to determine whether waveform is switched for the PUSCH scheduled by DCI format 0_1 or 0_2, because the set of parameters of CG-PUSCH or PUSCH scheduled by DCI format 0_0/0_3, such as PRB, MCS etc., are most likely different with the PUSCH scheduled by DCI format 0_1/0_2. 
So Option 2 is preferred and additional restriction that actual PUSCH is scheduled by a PDCCH indicating if transform precoder is enabled or disabled should be added.
Proposal 3: Reporting of PCMAX,f,c for assumed PUSCH is specified as per RAN1#114 agreements with additional restriction that actual PUSCH is scheduled by a PDCCH indicating if transform precoder is enabled or disabled. 
The TP for section 7.7.1 of TS 38.213 is proposed as below:
	7.7.1	Type 1 PH report
<-------------------------------- unchanged text omitted ------------------------------->
-	a first Type 1 power headroom report and a first configured maximum output power associated with the first TCI-State or TCI-UL-State, and a second Type 1 power headroom report and a second configured maximum output power associated with the second TCI-State or TCI-UL-State, for an actual PUSCH transmission using a spatial domain filter corresponding to the first TCI-State or TCI-UL-State and using a spatial domain filter corresponding to the second TCI-State or TCI-UL-State.
[bookmark: _Hlk151084918]If a UE provides a Type 1 power headroom report for an activated serving cell based on an actual PUSCH transmission scheduled by a PDCCH indicating if transform precoder is enabled or disabled, is provided assumedPUSCHInfo, and dynamicTransformPrecoderIndicationDCI-0-1 or dynamicTransformPrecoderIndicationDCI-0-2 is set to enabled for the active bandwidth part of the serving cell:
the UE provides  based on any applicable maximum output power reduction for an assumed PUSCH with transform precoder enabled, if supported, if transform precoder is disabled for the actual PUSCH; or  based on any applicable maximum output power reduction for an assumed PUSCH with transform precoder disabled, if supported, if the transform precoder is enabled for the actual PUSCH. All other parameters used for the calculation of PCMAX,f,c(i) of the assumed PUSCH are the same as the actual PUSCH. 

<-------------------------------- unchanged text omitted ------------------------------->




Special scenario for PHR in CA
The following scenario was raised during RAN1#115 meeting as potential issue to discuss as part of RAN1 maintenance.
· Assume feature “PHR enhancement for dynamic waveform switching” is defined on per-band basis (note: it seems unclear if per-band is agreed for FG 54-3a).
· UE reports it is capable of “PHR enhancement for dynamic waveform switching” in band A but not band B.
· UE is configured with UL CA with carriers in band A and band B, and TPI is configured for DCI format(s) in at least one BWP of a serving cell in band B but not in band A.
This scenario is very special as PHR is only supported in band A but the actual PUSCH only occurs in the band B and dynamic waveform switching is only applicable to the PUSCH in band B. 
For example, if band A is a sub-6G lower band, and band B is a beyond 6G higher band. Even if UE can determine and report the PCMAX,f,c for assumed PUSCH in band A referring from the actual PUSCH in band B, the PHR cannot assist the gNB in making waveform switching decisions for PUSCH transmission in band A. Furthermore, it does not report the PCMAX,f,c for assumed PUSCH in band B as UE has no such capability in Band B. The PCMAX,f,c for assumed PUSCH is only for the cell in band A, but it is not likely to be suitable for the cell in band B. This scenario seems very weird and we can treat it as an error case. 
Actually we don’t need to define this scenario as error case because gNB can avoid such unreasonable configuration or try to partially use the reported PCMAX,f,c for assumed PUSCH for the cell in band A to determine whether to switch the waveform for PUSCH in band B. It is more flexible to leave this issue as a gNB implementation issue.
[bookmark: OLE_LINK6]Proposal 4: For the scenario which the capability of PHR enhancement for dynamic waveform switching is supported and TPI is configured in different bands, no specification impact is needed.

Conclusion
According to the discussion above, we have the following proposals with corresponding text proposals.
Multiple PRACH transmissions
Proposal 1: For multiple PRACH transmissions,
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are with reduced transmit power.
The TP for section 7.4 of TS 38.213 is proposed as below:
	7.4	Physical random access channel
<-------------------------------- unchanged text omitted ------------------------------->
If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in 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 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, or due to DAPS operation as described in clause 15, or due to HD-UE operation in paired spectrum as described in clause 17.2, the UE does not transmit a PRACH in a transmission occasion or PRACH transmissions in any one of the set of transmission occasions for multiple PRACH transmissions, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, the UE transmits a PRACH with reduced power in a transmission occasion or the UE transmit PRACH transmissions with reduced power in all of the set of transmission occasions for multiple PRACH transmissions, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.
<-------------------------------- unchanged text omitted ------------------------------->



Proposal 2: UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group where the first RO of this RO group is indicated by the mask. 
The TP for section 8.1 of TS 38.213 is proposed as below:
	8.1	Random access preamble
<-------------------------------- unchanged text omitted ------------------------------->
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with preamble repetitions a set of  valid ROs for the indicated SS/PBCH block index where the first valid PRACH occasion of the set is indicated by PRACH mask index value in the first available mapping cycle.
<-------------------------------- unchanged text omitted ------------------------------->



Dynamic waveform switching
Proposal 3: Reporting of PCMAX,f,c for assumed PUSCH is specified as per RAN1#114 agreements with additional restriction that actual PUSCH is scheduled by a PDCCH indicating if transform precoder is enabled or disabled. 
The TP for section 7.7.1 of TS 38.213 is proposed as below:
	7.7.1	Type 1 PH report
<-------------------------------- unchanged text omitted ------------------------------->
-	a first Type 1 power headroom report and a first configured maximum output power associated with the first TCI-State or TCI-UL-State, and a second Type 1 power headroom report and a second configured maximum output power associated with the second TCI-State or TCI-UL-State, for an actual PUSCH transmission using a spatial domain filter corresponding to the first TCI-State or TCI-UL-State and using a spatial domain filter corresponding to the second TCI-State or TCI-UL-State.
If a UE provides a Type 1 power headroom report for an activated serving cell based on an actual PUSCH transmission scheduled by a PDCCH indicating if transform precoder is enabled or disabled, is provided assumedPUSCHInfo, and dynamicTransformPrecoderIndicationDCI-0-1 or dynamicTransformPrecoderIndicationDCI-0-2 is set to enabled for the active bandwidth part of the serving cell:
the UE provides  based on any applicable maximum output power reduction for an assumed PUSCH with transform precoder enabled, if supported, if transform precoder is disabled for the actual PUSCH; or  based on any applicable maximum output power reduction for an assumed PUSCH with transform precoder disabled, if supported, if the transform precoder is enabled for the actual PUSCH. All other parameters used for the calculation of PCMAX,f,c(i) of the assumed PUSCH are the same as the actual PUSCH. 
<-------------------------------- unchanged text omitted ------------------------------->




Proposal 4: For the scenario which the capability of PHR enhancement for dynamic waveform switching is supported and TPI is configured in different bands, no specification impact is needed.
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