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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     Power ramping counter for multiple PRACH transmissions
In RAN1 #115 meeting[1], the following agreement was achieved.
	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.



From our perspective, we don’t have a strong view on the above options. We slightly prefer Option 2, to leave it as a UE implementation. Anyway, this has nothing to do with the network side, and network doesn’t know what actually happens at the UE. We think Option 2 provide the simplest way to handle this issue. Thus, we have the following proposal and TP.
Proposal 1: Support Option 2, i.e., 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. And adopt the following TP to Section 7.4 of TS 38.213.
	Reason for change：
Capture the behavior of suspending of power ramping counter for PRACH transmission with  preamble repetitions.
Summary of change:
Capture the behavior in Section 7.4 of TS 38.213.
Consequences if not approved:
The behavior of suspending of power ramping counter for PRACH transmission with  preamble repetitions is not clear.
< Start of TP >
[bookmark: _Toc12021451][bookmark: _Toc20311563][bookmark: _Toc26719388][bookmark: _Toc29894819][bookmark: _Toc29899118][bookmark: _Toc29899536][bookmark: _Toc29917273][bookmark: _Toc36498147][bookmark: _Toc45699173][bookmark: _Toc146789739]7.4	Physical random access channel
< Unchanged text is 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, Layer 1 notifies higher layers to suspend the corresponding power ramping counter or Layer 1 may notify higher layers to suspend the corresponding power ramping counter in case of PRACH transmission with  preamble repetitions. 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, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.
< Unchanged text is omitted >



1.2     PRACH mask for multiple PRACH transmissions
In RAN1 #115 meeting[1], the following agreement was achieved regarding PRACH mask indication for multiple PRACH transmissions.
	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.



First, we analyze the potential spec impact of each options.
For Option 1, it doesn’t change the behavior of PRACH mask indication, no spec. impact is needed regarding this part. It only affects the RO group determination. In current spec. RO group is determined based on valid ROs. If PRACH mask is applied in prior to RO group determination, it indicates that RO group is determined further based on the ROs indicated by PRACH mask. However, this seems not aligned with what we have agreed for RO group determination in previous agreements. If all companies are supportive with Option 1, we are also fine with it. In summary, if we go with Option 1, we need to replace “valid RO” with “RO indicated by PRACH mask index” regarding RO group determination and related description. 
For Option 2, it seems to have the least spec. impact. Maybe one sentence is needed, e.g., the UE selects for a PRACH transmission with  preamble repetitions the set of PRACH occasions for the indicated SS/PBCH block index, where each RO in the set is indicated by PRACH mask index value. However, if we go with Option 2, the function of PRACH mask is not that useful, cause in most cases and for most PRACH mask indexes, there may be no available RO group for multiple PRACH transmissions.
For Option 3, it can be deemed as an optimization for Option 2. However, it kind of against the original intention of PRACH mask index, cause Option 3 allows UE to transmit PRACH on the ROs not indicated by PRACH mask index. Thus, compared with Option 3 and Option 2, we prefer Option 2.
For Option 4, it re-interpret the definition of PRACH mask index value. The PRACH mask index is utilized to indicate a index of RO group instead of index of RO. For Option 4, since there maybe abundant of RO groups with a time period. Thus, more than 3 bits maybe needed to indicate the RO group, which needs further effort in RAN 2 to design the indication method.
In summary, each option can work for multiple PRACH transmissions. To minimize the spec. impact, we slightly prefer Option 2.
Proposal 2: Support Option 2, i.e., 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. And adopt the following TP to Section 8.1 of TS 38.213.
	Reason for change：
Apply PRACH mask indication for PRACH transmission with  preamble repetitions.
Summary of change:
Capture the description of PRACH mask indication for PRACH transmission with  preamble repetitions in Section 8.1 of TS 38.213.
Consequences if not approved:
It is not clear how to apply PRACH mask indication for PRACH transmission with  preamble repetitions.
< Start of TP >
8.1	Random access procedure
< Unchanged text is 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 the set of PRACH occasions for the indicated SS/PBCH block index, where each RO in the set is indicated by PRACH mask index value.
< Unchanged text is omitted >



Reporting of PCMAX,fc for assumed PUSCH 
In RAN1 #115 meeting, the following proposal on PHR enhancement for DWS was discussed. The two options need to be down selected in this meeting. 
	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,fc for assumed PUSCH is specified as per RAN1#114 agreements only.
· Option 2: Reporting of PCMAX,fc 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.



From our understanding, the main difference between Option 1 and Option 2 lies in: for Option 1, if the actual PUSCH is CG-PUSCH, the reporting of PCMAX,fc for assumed PUSCH can also be reported. From our perspective, when DWS is supported, the network would prefer to schedule a new PUSCH via DCI instead of waiting for the next configured UL slot to guarantee transmission performance. Consider extra assumed PUSCH in the CG PUSCH is not necessary and network overhead will be increased as well, the new PHR for assumed PUSCH should be restricted only to dynamic scheduled for a reasonable network configuration. Besides, in RAN2 #124 meeting, the agreement on new MAC CE design for PHR was achieved [2] and captured into TS38.321 [3], where the field indicating whether the PHR for assumed PUSCH should be supported per cell is introduced. If Option 1 is adopted, such field design will become redundant since the content for all the cells will be ‘1’ as long as the DWS is supported.
In summary, to reduce the overhead of network, we prefer to adopt Option 2 for the PHR for assumed PUSCH of DWS. Thus, we have the following proposal and TP.
Proposal 3: Support Option 2, i.e., reporting of PCMAX,fc 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. And adopt the following TP to Section 7.1.1 of TS 38.213
	Reason for change:
Introduce power headroom information for assumed PUSCH in TS38.213.
Summary of changes: 
Description of the provision of Pcmax for an assumed PUSCH and associated conditions.
Consequences if not approved: 
Specification does not support reporting of power headroom information for assumed PUSCH.
< Start of TP >
7.7.1	Type 1 PH report
< Unchanged text is 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 applicable 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 is omitted >



Conclusions
In this contribution, we discuss remaining issues on PRACH coverage enhancement and have following proposals:
Proposal 1: Support Option 2, i.e., 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. And adopt the following TP to Section 7.4 of TS 38.213.
	Reason for change：
Capture the behavior of suspending of power ramping counter for PRACH transmission with  preamble repetitions.
Summary of change:
Capture the behavior in Section 7.4 of TS 38.213.
Consequences if not approved:
The behavior of suspending of power ramping counter for PRACH transmission with  preamble repetitions is not clear.
< Start of TP >
7.4	Physical random access channel
< Unchanged text is 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, Layer 1 notifies higher layers to suspend the corresponding power ramping counter or Layer 1 may notify higher layers to suspend the corresponding power ramping counter in case of PRACH transmission with  preamble repetitions. 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, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.
< Unchanged text is omitted >



Proposal 2: Support Option 2, i.e., 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. And adopt the following TP to Section 8.1 of TS 38.213.
	Reason for change：
Apply PRACH mask indication for PRACH transmission with  preamble repetitions.
Summary of change:
Capture the description of PRACH mask indication for PRACH transmission with  preamble repetitions in Section 8.1 of TS 38.213.
Consequences if not approved:
It is not clear how to apply PRACH mask indication for PRACH transmission with  preamble repetitions.
< Start of TP >
8.1	Random access procedure
< Unchanged text is 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 the set of PRACH occasions for the indicated SS/PBCH block index, where each RO in the set is indicated by PRACH mask index value.
< Unchanged text is omitted >



Proposal 3: Support Option 2, i.e., reporting of PCMAX,fc 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. And adopt the following TP to Section 7.1.1 of TS 38.213
	Reason for change:
Introduce power headroom information for assumed PUSCH in TS38.213.
Summary of changes: 
Description of the provision of Pcmax for an assumed PUSCH and associated conditions.
Consequences if not approved: 
Specification does not support reporting of power headroom information for assumed PUSCH.
< Start of TP >
7.7.1	Type 1 PH report
< Unchanged text is 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 applicable 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 is omitted >
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