


[bookmark: _Ref158025789]3GPP TSG RAN WG1 #116                                                                                            R1-2400222
Athens, Greece, February 26th - March 1st, 2024

Source:	vivo
Title:	Maintenance on Further NR Coverage Enhancements
Agenda Item:	8.6
Document for:	Discussion and Decision
1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In RAN1#115 meeting, most of the remaining issues of Further NR Coverage Enhancements have been discussed as summarized in [1]. In this contribution, we discuss the remaining issues of supporting multiple PRACH transmissions, power domain enhancement, dynamic waveform switching and the relevant RRC parameter list.
2. Discussions
2.1 Remaining issues on PRACH coverage enhancement
RO group determination based on PRACH mask
In RAN1 #115 meeting, following agreements regarding multiple PRACH transmissions with indication of PRACH mask index have been achieved. 
	Agreement
For multiple PRACH transmissions with indication of PRACH mask index, down-select one of the following options at RAN1#116
· [bookmark: _Hlk157958288]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). 


For Option 1, RO group is determined only based on the ROs indicated by the PRACH mask index. It means that there are no ROs that are not indicated by the PRACH mask index in the determined RO group and a larger number of actual repetitions would be ensured, which is conductive to the transmission robustness of PRACH repetitions.
For Option 2, the RO groups are determined firstly, then UE transmits PRACH repetitions only on a RO group with all the ROs indicated by the mask. However, there may be no RO group with all ROs indicated by the mask, or to ensure that there are RO group(s) with all the ROs indicated by the mask, it may limit the flexibility of PRACH mask indication. As the case shown in Fig 1, configure the number of SSBs , number of ROs FDMed and number of SSBs per RO , and to ensure that there are RO group(s) with all the ROs indicated by the mask, according to TS 38.321, the PRACH mask index value can only be 0.
[image: ]
Fig. 1. RO groups may contain unavailable ROs if PRACH mask index is indicated
For Option 3, the RO groups are determined firstly, then UE transmits PRACH repetitions only on a RO group where at least one RO of this RO group is indicated by the mask. It means that UE is not allowed to transmit PRACH on the ROs that are not indicated by PRACH mask index in the determined RO group as the case shown in Fig 1, which will have impact on the robustness of PRACH repetitions. 
For Option 4, the PRACH mask index indicates one or multiple RO groups for multiple PRACH transmission after RO group determination. Considering that the indication of PRACH mask index in current spec is one or multiple ROs, indication with one or multiple RO groups may have higher complexity, which is not preferred. 
Based on above discussions, we have the following proposals.
Proposal 1:
· For PRACH repetitions with indication of PRACH mask index, Option 1 is applied.

As is known, a time domain offset may be configured between RO groups, in which case the ROs to be considered for determining the time domain offset may be indicated by PRACH mask or may be not indicated by PRACH mask. If PRACH mask configuration and RO group offset are allowed to be configured at the same time, RAN1 needs to discuss whether the ROs considered for RO group offset determination only includes those ROs indicated by PRACH mask. In our view, the time offset introduced is mainly intended to control the density of ROs, which has the same intention as PRACH mask. Therefore, there’s no need to support both at the same time.
According to above, we propose to not support PRACH mask indication and time domain offset configuration between RO groups at the same time.
Proposal 2:
· Do not support PRACH mask indication and time domain offset configuration between RO groups at the same time.
To address the issues identified in above discussions, a TP #1 is provided in Table 1.
Proposal 3: 
· Apply TP #1 in Table 1 to support RO group determination if PRACH mask index is indicated and preclude the configuration of PRACH mask indication and time domain offset configuration between RO groups at the same time.
Table 1. TP #1 to 3GPP TS 38.213 v18.1.0 for capturing RO group determination if PRACH mask index is indicated
	Reason for change：
RO group determination and time domain offset determination when PRACH mask index is indicated are not clear.
Summary of change:
UE applies PRACH mask prior to RO group determination. RO group is determined based on the ROs indicated by the PRACH mask index. 
Do not support PRACH mask indication and time domain offset configuration between RO groups at the same time
Consequences if not approved:
Multiple PRACH transmissions can not be performed by UE in case of PRACH mask index is indicated.
<----------------------------------------------------------- Start of TP #1----------------------------------------------------------->
[bookmark: _Ref491452917][bookmark: _Toc12021462][bookmark: _Toc20311574][bookmark: _Toc26719399][bookmark: _Toc29894830][bookmark: _Toc29899129][bookmark: _Toc29899547][bookmark: _Toc29917284][bookmark: _Toc36498158][bookmark: _Toc45699184][bookmark: _Toc145664289]8.1	Random access preamble
<-------------------------------- unchanged text omitted ------------------------------->
For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is indicated by ra-ssb-OccasionMaskIndex which indicates the PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected SS/PBCH block index.
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. 
For the indicated preamble index, the ordering of the PRACH occasions is
-	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 within a PRACH slot
-	Third, in increasing order of indexes for PRACH slots 
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 same one or more SS/PBCH block index(es), and each SS/PBCH block index is associated with same preamble indexes in all valid PRACH occasions within the set. For a PRACH transmission with  preamble repetitions with indication of PRACH mask index, a set consists of  valid PRACH occasions that are indicated by the mask index value for the indicated SS/PBCH block index in one or multiple mapping cycles. A UE does not expect to be provided both PRACH mask index and TimeOffsetBetweenStartingRO configuration for a PRACH transmission with  preamble repetitions.
For a PRACH transmission with preamble repetitions, a time period, starting from frame 0, is the smallest integer number of association pattern periods such that at least one set of valid PRACH occasions for each of the  SS/PBCH block indexes can be determined within the time period for all configured number of preamble repetitions. The set(s) of valid PRACH occasions for each configured number of preamble repetitions repeats every time period.
Within a time period, for set(s) of  valid PRACH occasions for a PRACH transmission with  preamble repetitions 
-	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 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 
where, 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 after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set, where each PRACH occasion is associated with same SS/PBCH block index(es) and each SS/PBCH block index is associated with same preambles, if TimeOffsetBetweenStartingRO is provided 
-	is after the PRACH occasions for the previous set, if TimeOffsetBetweenStartingRO is not provided
<-------------------------------- unchanged text omitted ------------------------------->


Power control 
In RAN1 #115 meeting, following agreement regarding power ramping counter for multiple PRACH transmissions has been 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.



When PRACH transmission in at least one PRACH occasion is dropped, the power ramping counter should be suspended as PRACH repetitions has not been performed completely. When PRACH transmission in at least one PRACH occasion is with reduced transmit power, considering that the reduced power may be small or large, it should be up to UE to determine whether to suspend the power ramping counter. This is also aligned with PRACH transmission without repetition as specified in section 7.4 of 38.213 as excerpted below.
	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. 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.


Based on above discussions, we have the following proposal.
Proposal 4:
· For the suspending of the power ramping counter, Option 2a is supported.
To address the issues identified in above and proposal, a TP #2 is provided in Table 2.
Proposal 5: 
· Apply TP #2 in Table 2 to support the power ramping counter suspending for PRACH repetitions.
Table 2. TP #2 to 3GPP TS 38.213 v18.1.0 for capturing power ramping counter suspending
	Reason for change：
It’s not specified in current specification on whether to suspend power ramping counter when PRACH transmission with repetition in some PRACH occasions are dropped or with reduced transmit power.
Summary of change:
Specify in 38.213 that 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.
In addition, layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is dropped.
Consequences if not approved:
The transmission power ramping of PRACH repetitions is not clear.
<----------------------------------------------------------- Start of TP #2------------------------------------------------------------->
7.4	Physical random access channel
<-------------------------------- unchanged text omitted ------------------------------->
If prior to a PRACH retransmission, a UE changes the spatial domain transmission filter, Layer 1 notifies higher layers to suspend the power ramping counter as described in [11, TS 38.321].
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. 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. For a PRACH transmission with  preamble repetitions, if the UE transmits the PRACH in at least one of the PRACH occasions with reduced transmit power, Layer 1 may notify higher layers to suspend the corresponding power ramping counter. For a PRACH transmission with  preamble repetitions, if the UE does not transmit the PRACH in at least one of the PRACH occasions, Layer 1 notifies higher layers to suspend the corresponding power ramping counter.
<-------------------------------- unchanged text omitted ------------------------------->



2.2 Remaining issues on power domain enhancement
MPR reduction
In RAN4#109 meeting, the following LS from RAN4 has been sent to RAN1 and RAN2 [2]. 
	RAN4’ LS in RAN4 #109
1. Overall Description:
RAN4 agree that capabilities below are to be added in Rel-18:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	[powerBoostRel18]
Indicates whether UE supports power boosting for pi/2 BPSK and QPSK without modified spectrum flatness requirement for MPR reduction, when applicable as defined in 6.2 of TS 38.101-1. 
	Per FS
	NO
	NO 
	FR1 only

	[powerBoostTSRel18]
Indicates whether UE supports power boosting for pi/2 BPSK and QPSK with modified spectrum flatness requirement for MPR reduction, when applicable as defined in 6.2 of TS 38.101-1.
	Per FS
	NO
	NO 
	FR1 only



[bookmark: OLE_LINK1]RAN4 agrees to enable/disable the Rel-18 power boosting with RRC signalling and agree to add two separate RRC IEs, [powerBoostPi2BPSKRel18] for BPSK power boosting and [powerBoostQPSKRel18] for QPSK power boosting.
Additionally, RAN4 agrees legacy powerBoostPi2BPSK cannot be configured at the same time as [powerBoostPi2BPSKRel18].

2. Actions:
To RAN WG1/WG2 group.
ACTION: 	Please take this into account when defining capabilities for Rel-18.


[bookmark: _Hlk158021991]As can be seen, RAN4 has agreed to introduce two separate RRC parameters to enable/disable the Rel-18 power boosting. For these two agreed RRC parameters, it should be up to RAN2 to define them based on the RAN4’s LS and there’s no need to include them in the RRC parameter list to be sent to RAN2 from RAN1. In addition, RAN4 has also agreed two new UE capabilities for MPR reduction and requests RAN1/RAN2 take it into account when defining capabilities for Rel-18. According to our understanding, UE capabilities of MPR/PAR reduction can be included in RAN1 UE feature list for NR Rel-18, which is discussed in [3].  
Proposal 6:
· Include UE feature groups for MPR/PAR reduction in RAN1 UE feature list for NR Rel-18 and it’s up to RAN2 to define the 2 agreed RRC parameters which are not necessary to be included in the RRC parameter list to be sent from RAN1 to RAN2.
2.3 Remaining issues on dynamic waveform switching
PHR enhancement
In RAN1 #115 meeting, following agreement has been made to conclude that no additional RAN1 specification impact would be introduced for supporting the report of PCMAX for actual and assumed PUSCH in DC/CA scenario compared to single carrier case.
	Agreement
· Send Reply LS to RAN2 LS in R1-2311005 stating:
· RAN1 would like to thank RAN2 for the LS on PHR reporting. 
· [bookmark: _Hlk157930885]RAN2 asked if a UE reporting PCMAX for actual and assumed PUSCH to support the DC/CA scenario has any impact to RAN1’s design in addition to that of the single carrier case. RAN1 would like to inform RAN2 that UE reporting PCMAX for actual and assumed PUSCH to support the DC/CA scenario has no additional impact to RAN1 design compared to the single carrier scenario.
· Action: RAN1 respectfully asks RAN2 to take the above information into consideration for their work


However, further discussion in RAN1 is still needed on how to capture the PCMAX of assumed PUSCH in 38.213. There are 2 options which are summarized in the final FL summary.
	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.


In our understanding, the RAN1 #114 agreements have nothing to do with the issue on whether actual PUSCH is scheduled by a PDCCH indicating if transform precoder is enabled or disabled so that the PCMAX of assumed PUSCH can be reported, since such issue is not discussed before RAN1 #115 meeting.
If the actual PUSCH is not enabled to support DWS, there’s no needed to report PCMAX. In addition, the MAC-CE defined by RAN2 to report the additional PCMAX is flexible enough to include or exclude the additional PCMAX field. Therefore, Option 2 is preferred, which means following TP, as summarized by FL, can be applied to 38.213.
Table 3. TP #3 to 3GPP TS 38.213 v18.1.0 to introduce power headroom information for assumed PUSCH
	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: 
[bookmark: _Hlk157936052]Specification does not support reporting of power headroom information for assumed PUSCH.
<----------------------------------------------------------- Start of TP #3------------------------------------------------------------->
7.7.1	Type 1 PH report
-	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-------------------------------------------------->


Proposal 7:
· Capture the report of power headroom information for assumed PUSCH according to TP#3 to 3GPP TS38.213 V18.1.0.
2.4 RRC parameters
Based on the discussions and agreements made in previous meetings on the RRC parameters [4] for NR Rel-18 coverage enhancement work item, at least following list of RRC parameters provided in Table 4 should be updated for supporting NR Rel-18 coverage enhancement given the DCI field provided in 3GPP TS 38.212 v18.1.0 is “Transform precoder indicator” instead of “Dynamic transform precoder indicator” used in the description the 2 parameters listed in the table. Therefore, we have following proposal.
Proposal 8:
· Update the list of RRC parameters for supporting NR Rel-18 coverage enhancement according to Table 4.
Table 4. RRC parameter list for supporting NR Rel-18 coverage enhancement
	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE, cell, TRP, …)

	Dynamic waveform switching
	in PUSCH-Config
	dynamicTransformPrecoderIndicationDCI-0-1
	New
	Configures whether the field [Dynamic tTransform precoder indicator] is present or not in DCI format 0_1. If the field is set to enabled, DWS field is present in DCI format 0_1 and UE follows DWS field. If the field is set to disabled, DWS field is not present in DCI format 0_1 and UE follows legacy parameter (transformPrecoder) when scheduled using DCI format 0_1.
	ENUMERATED {enabled}
	UE-specific

	Dynamic waveform switching
	in PUSCH-Config
	dynamicTransformPrecoderIndicationDCI-0-2
	New
	Configures whether the field [Dynamic tTransform precoder indicator] is present or not in DCI format 0_2. If the field is set to enabled, DWS field is present in DCI format 0_2 and UE follows DWS field. If the field is set to disabled, DWS field is not present in DCI format 0_2 and UE follows legacy parameter (transformPrecoder) when scheduled using DCI format 0_2.
	ENUMERATED {enabled}
	UE-specific



3. Conclusion
In this contribution, we discuss the remaining issues of supporting further NR coverage enhancements. Based on the discussions, we have following proposals:
Proposal 1:
· For PRACH repetitions with indication of PRACH mask index, Option 1 is applied.
Proposal 2:
· Do not support PRACH mask indication and time domain offset configuration between RO groups at the same time. 
Proposal 3: 
· Apply TP #1 in Table 1 to support RO group determination if PRACH mask index is indicated and preclude the configuration of PRACH mask indication and time domain offset configuration between RO groups at the same time.
Proposal 4:
· For the suspending of the power ramping counter, Option 2a is supported.
Proposal 5: 
· Apply TP #2 in Table 2 to support the power ramping counter suspending for PRACH repetitions.
Proposal 6:
· Include UE feature group for MPR/PAR reduction in RAN1 UE feature list for NR Rel-18 and it’s up to RAN2 to define the 2 agreed RRC parameters which are not necessary to be included in the RRC parameter list to be sent from RAN1 to RAN2.
Proposal 7:
· Capture the report of power headroom information for assumed PUSCH according to TP#3 to 3GPP TS38.213 V18.1.0.
Proposal 8:
· Update the list of RRC parameters for supporting NR Rel-18 coverage enhancement according to Table 4.
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