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[bookmark: _Ref67694016][bookmark: _Toc67700556]Introduction
[bookmark: _Hlk510705081]In RAN #96e a revised new work item description was approved on further NR coverage enhancements [1]. Three main objectives characterized the work item:
	The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



After the completion of the Rel-18 work item, this contribution discusses remaining issues on further NR coverage enhancements, with focus on PRACH coverage enhancements and dynamic waveform switching.
PRACH coverage enhancements
On the use of the PRACH mask in case of PRACH transmission with preamble repetitions
At the end of RAN1 #115, the following agreement was made, where 4 options for multiple PRACH transmissions with indication of PRACH mask index were provided for down-selection [2]. For completeness, the 4 options are copied below.
	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.



A detailed analysis of the 4 options follows:
1. Option 1:
0. This option is reasonable at high level and ultimately seems to result in the most literal extension of the legacy behavior to PRACH transmission with preamble repetitions. However, it also has large specification impact, since it would require modifications to the RO sets determination text to be implemented. Stability of that text has been achieved only after numerous iterations at the end of Rel-18. Reopening that discussion when other valid alternatives to Option 1 exist does not seem very reasonable nor aligned with the spirit of a maintenance phase. 
1. Option 2: 
1. This option would not require modifications to the RO set determination text and is rather simple to understand. It may also be argued that it could be the result of one of the possible readings of the current specification, if no modification was introduced (the other one being Option 3a, more details are given later). However, if we analyze this option a bit more, we realize that it also implies that whenever all ROs of a set are not indicated by the mask then this would result in dropping the RO(s) indicated by the PRACH mask itself. Even more, all the ROs of the corresponding RO set would be dropped, irrespective of whether they are indicated by the mask or not. This would have the following two consequences:
0. It may yield a new dropping rule peculiar to PRACH transmission with preamble repetitions, e.g., if UE is provided with a PRACH mask that does not indicate at least one RO of an RO set the PRACH transmission with preamble repetitions over that set is dropped. This seems to be against current agreements, which stipulate that only existing dropping rules for Rel-15/Rel-16/Rel-17 PRACH are used.
0. It would result in a different behavior between single PRACH transmission and PRACH transmission with preamble repetitions when it comes to the effect of the mask configuration itself. Indeed, it would imply that even if some of the ROs of one RO set are indicated by the mask, but not all, then the PRACH would not be transmitted in case of PRACH transmission with preamble repetitions but would be transmitted in case of single PRACH transmission (since the MAC procedure prevents fallback between single and multiple PRACH once the choice between this two PRACH modes in made at MAC level).
For these reasons, Option 2 does not seem a suitable way forward.
1. Option 3: 
2. This option solves all the leftover problems of Option 2, since if any RO of an RO set is indicated by the mask, then the RO set is used in case of PRACH transmission with preamble repetitions. Therefore, behavior across different PRACH modes is consistent and no new dropping rules peculiar to PRACH transmission with preamble repetitions would be needed. For this reason, it can also be argued that it is the most literal extension of the legacy behavior to PRACH transmission with preamble repetitions. Specification impact would also be minor, since only additional words in the main sentence introducing the PRACH mask, would be needed to capture it in the specification, with no modifications to the RO set determination text. 
1. Option 4: 
3. This option allows a finer RO set density control, thus it is welcome from a technical point of view especially since RAN1 did not agree on supporting very large configurable time offsets between starting ROs in Rel-18 (which would have allowed to configure only one RO set per time period, if needed). Option 4 would allow this. At the same time, it would open at least two new discussions which may not be aligned with the spirit of the maintenance phase:
0. The PRACH mask may need to indicate starting ROs more than the RO sets, since we currently have an RO ordering, which could naturally be extended to a starting RO ordering, but not an RO set ordering.
0. Agreeing on the behavior in case the PRACH mask value is incompatible with the actual number of groups in a time period and so on. 
It is hard to predict whether additional discussions would be needed as well. In this sense, although attractive from a technical perspective, we think it is too late to discuss such option in detail for this Release. For this reason, we could be open to the discussion, but our preference is Option 3a. Option 4 could be considered as 2nd preference, justified by technical attractiveness, if a consensus can be formed around this option.
Proposal 1. For multiple PRACH transmissions with indication of PRACH mask index, support Option 3 as first preference and Option 4 as second preference.

The following TP is then proposed to capture Option 3 in Clause 8.1 of TS 38.213.

Proposal 2. The following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	[bookmark: _Hlk150853953]Reasons for changes: To capture the agreement on multiple PRACH transmissions with indication of PRACH mask index.
Summary of change: Capture the procedure to use the PRACH mask index in case of PRACH transmission with preamble repetitions.
Consequences if not approved: Ambiguity between what is indicated by NW in the PRACH mask and what is done by the UE for the PRACH transmission with preamble repetitions.

	8.1 Random access preamble
< Unchanged parts are omitted >
The PRACH transmission can be on a subset of PRACH occasions associated with a same SS/PBCH block index within an SSB-RO mapping cycle for a UE provided with a PRACH mask index by ssb-SharedRO-MaskIndex, or on set(s) of  resources including at least one PRACH occasion indicated by ssb-SharedRO-MaskIndex, according to [11, TS 38.321].
< Unchanged parts are omitted >








Power ramping counter
For single PRACH transmission, if 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.
For multiple PRACH transmissions, the following agreement was made in RAN1 #115 [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.



Therein five alternatives are presented, each with a different specification impact. 
Current specification states (Clause 7.4 of TS 38.213)
	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



From our perspective, two approaches could be chosen depending on what type of behaviour extension RAN1 should pursue when moving from single PRACH to PRACH transmission with preamble repetitions:
1. No, or minimal, specification impact.
· In this case, the impact of what the UE does for the single transmission occasion is kept identical between single PRACH and PRACH with preamble repetitions. 
2. Logical extension of the behavior for single PRACH
· In this case, what happens for the single transmission occasion in case of single PRACH should happen for all the transmission occasions in a RO set for the PRACH transmission with preamble repetitions.

In this context, 
· Approach 1 corresponds to Option 2a, where 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, and Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is dropped.
· This seems to have no spec impact, since ”in a transmission occasion”, as per current spec, would always satisfy the condition ”in at least one PRACH occasion”.
· Approach 2 corresponds to Option 3, where Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped, and 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.
· This would have specification impact.

Technically speaking, an important difference exists between single PRACH and PRACH with preamble repetitions. The latter relies on receiver combining at the receiver, which can yield up to 3dB at every preamble repetition number doubling, although practically relevant values should be in the order of 2 to 2.5 dB depending on the scenario. As a result, while for single PRACH a Tx power reduction has an unknown impact on the PRACH success probability from the point of view of the receiver, for PRACH transmission with preamble repetitions it may have an impact comparable to if not larger than dropping several repetitions (due to the more direct impact that a Tx power reduction has on the post-combiner SINR). For this reason, reducing the Tx power in at least one PRACH occasion may already yield worse PRACH performance than dropping all but one preamble repetitions. 
Therefore, Approach 2, i.e., Option 3, does not only have a larger specification impact than Approach 1, i.e., Option 2a, but may also yield worse performance, since the L1 may notify to suspend the power ramping counter only when all the preambles are transmitted with reduced power. This does not see desirable, hence Option 2a should be supported. 
Proposal 3. For power ramping counter in case of multiple PRACH transmissions, support the following (Option 2a in the agreement made during RAN1 #115):
• 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.

Dynamic Waveform Switching
In RAN1 #115 meeting, an issue has been identified regarding the misalignment of companies’ understanding on the applicability of the PHR reporting feature for DWS. Indeed, when capturing the PH information for assumed PUSCH in TS 38.213, the following two options of TP were discussed:
· Option 1:
	7.7.1	Type 1 PH report
<<< Start changes >>>
-	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, 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. 

<<< End changes >>>



· Option 2:
	7.7.1	Type 1 PH report
<<< Start changes >>>
-	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. 

<<< End changes >>>



Extensive analyses about the two options have been done in RAN1 #115 with the following observations captured in [3]:
	· There is no difference between Option 1 and Option 2 for “which PUSCH” the PHR is transmitted in.
· e.g. Option 2 does not prevent including Pcmax for assumed PUSCH for serving cell 2 in PHR transmitted in CG PUSCH of serving cell 1
· There is no difference in selected PHR format/MAC CE based on RAN2 agreements (“If DWS is configured for the MAC entity transmitting PHR, the UE uses the new PHR format for PHR reporting”)
· There would be a difference in the contents of the MAC CE:
· In Option 2, Pcmax for assumed PUSCH will be included in fewer cases
· Existence of Pcmax for assumed PUSCH in multiple entry PHR is indicated with Ei field
· For single entry PHR, it seems that the size is the same since field for Pcmax for assumed PUSCH is always present. 
Possible benefits of introducing additional restriction (Option 2):
· Less overhead as the information would be reported for fewer PUSCHs (multiple-entry PHR only)
· Relax implementation for reporting PHR in case of a CG-PUSCH
· Information for CG-PUSCH may be less relevant given waveform cannot be switched.
Possible drawbacks of introducing additional restriction (Option 2):
· Information for CG-PUSCH no longer available, thus not possible to know whether to override CG-PUSCH with DG-PUSCH with better waveform in subsequent CG occasions.
· Network would not get information in predictable manner, i.e. in case triggered PHR is included in CG-PUSCH the info is not available for that serving cell.
· Additional implementation complexity since in existing PHR implementation PHY does not need to consider grant type.


Given that this is a maintenance topic, RAN1 should focus on finalizing the TP as soon as possible based on the existing agreements, and without any further enhancements. For that target, although pros and cons exist for Option 2, there is no significant difference between the two options from RAN1 perspective. In addition, fairly speaking, the following agreement in RAN1#110b-e states that any DWS enhancement in Rel-18 is applicable to PUSCH scheduled by DCI format 0_1 or 0_2. Considering PHR report as one DWS enhancement, thus if Option 1 is adopted, it would violate the agreement in the sense that PUSCHs not scheduled by DCI format 0_1 or 0_2 may also involve in the enhancement by conveying the PHR.
	[bookmark: _Hlk134157614]Agreement (RAN1#110b-e)
Dynamic waveform switching enhancement in R18 is applicable to PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1.
Note: The above does not imply that dynamic switching enhancement in R18 is applicable or not applicable to other cases of PUSCH (e.g. PUSCH transmission with a Type 1 or Type 2 configured grant, PUSCH scheduled by DCI format 0_0).


Therefore, we propose adopting Option 2 for the sake of progress. 
Proposal 4. The following TP is proposed for capturing the PH information reporting for assumed PUSCH in 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.

7.7.1	Type 1 PH report
<<< Start changes >>>
-	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. 

<<< End changes >>>




[bookmark: _Toc67700564]Conclusion
[bookmark: _Toc67700565]In this contribution we have discussed remaining issues of PRACH enhancements in Rel-18. The following proposals were made:
Proposal 1. For multiple PRACH transmissions with indication of PRACH mask index, support Option 3 as first preference and Option 4 as second preference.
Proposal 2. The following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	Reasons for changes: To capture the agreement on multiple PRACH transmissions with indication of PRACH mask index.
Summary of change: Capture the procedure to use the PRACH mask index in case of PRACH transmission with preamble repetitions.
Consequences if not approved: Ambiguity between what is indicated by NW in the PRACH mask and what is done by the UE for the PRACH transmission with preamble repetitions.

	8.1 Random access preamble
< Unchanged parts are omitted >
The PRACH transmission can be on a subset of PRACH occasions associated with a same SS/PBCH block index within an SSB-RO mapping cycle for a UE provided with a PRACH mask index by ssb-SharedRO-MaskIndex, or on set(s) of  resources including at least one PRACH occasion indicated by ssb-SharedRO-MaskIndex, according to [11, TS 38.321].
< Unchanged parts are omitted >







Proposal 3. For power ramping counter in case of multiple PRACH transmissions, support the following (Option 2a in the agreement made during RAN1 #115):
• 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.
Proposal 4. The following TP is proposed for capturing the PH information reporting for assumed PUSCH in 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.

7.7.1	Type 1 PH report
<<< Start changes >>>
-	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. 

<<< End changes >>>
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