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Introduction
This contribution discusses some remaining issues for Further NR Coverage Enhancement, including multiple PRACH transmission and dynamic waveform switching.
Multiple PRACH transmission
There are several issues are left to be decided in this meeting, the following sections will discuss them one by one.  
Power ramping suspension
In last meeting, the following agreement was made:
	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.



The difference between the two UE operations is actually quite simple. One is that UE will send notification and the other is that, UE may or may not send the notification. The logic to support each operation is also natural, which is, 
· if UE did not transmit the PRACH at all, UE shall send the notification. This suits the case that UE drops all PRACH occasions. 
· if UE still get the chance to transmit the PRACH, then it’s up to UE to send the notification. This suits the case that UE drops part of PRACH occasions or reduced power. 
With that observation, we support option 1a.
Proposal 1： adopt option 1a and the corresponding TP.
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.
the corresponding TP:
Reason for change: Introduce power ramping suspension for multiple PRACH transmission. 
Summary of change: Description of the power ramping suspension for multiple PRACH transmission.
Consequences if not approved: The power ramping suspension for multiple PRACH transmission is not missing in TS 38.213.

=============================== Start of TP for TS 38.213 ==================================
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 the UE does not transmit any of the  preamble repetitions when applicable, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If UE transmits part of the  preamble repetitions when applicable, or Iif 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.
================================   End of TP for TS 38.213   =================================

PRACH mask index
In last meeting, the following agreement was made:
	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). 


The key discussion point is how to interpret the PRACH mask index in case of RO group. Until now, there are two usages of the PRACH mask index, 
· one is to indicate the UE dedicated PRACH resource for CFRA, e.g., ra-ssb-OccasionMaskIndex by RRC indication; 
· the other is to indicated the sub-set sharing RO(s) in case one PRACH configuration is sharing the PRACH resource with another PRACH configuration (e.g., 2step RACH has common PRACH configuration as 4step RACH). 
There are fundamental differences for the RO indicated in these two usages. 
· For first usage which targets for CFRA, it is designed to be UE dedicated PRACH resource and aiming high successful rate of detection by one attempt. 
· For second usage which is still for CBRA, it is designed to filter/mask out some ROs of the total RO(s), in which the masked RO are still contention-based nature. 
Observation 1: there are two possible usages of PRACH mask index which have different intentions. One intention is for CFRA, the other is for selection of RO(s) for one feature when sharing the PRACH configuration with the other feature.
 
Based on this observation, we think different take of options for different usages could be considered. 
Then for first usage, the CFRA purpose, we have following analysis of the 4 options, as showing in the figure 1:
[image: ]
Fig. 1 – illustration of 4 options for PRACH mask index targeting to CFRA usage

And the corresponding drawbacks of each option when apply for CFRA is given in following table 1.
Table 1 – drawbacks of the options when apply for CFRA
	Option
	Drawbacks
	Suitable for CFRA usage?

	1
	time span of one multiple PRACH transmission is large, e.g., take 4 (in figure 1) mapping cycles to finish just one PRACH transmission with 4 repetitions
	No

	2
	No available RO group to use, only work in limited cases, e.g., only one RO associated 
	No

	3
	Much higher collision probability of RO group indication, e.g., mask index 1,2,3,4 will end up as same RO group
	No

	4
	Next RO group could be far away, e.g., max every 8 RO group
	Yes



One issue is that, the RO group is not limited to 8 per SSB like in legacy in which the max number of RO mapped to each SSB is 8. However, we think it’s also natural to have such number limitation in RO group since the logic is the same, i.e., the max 8 RACH opportunities per SSB. So we think it’s better take option 4 for CFRA usage, and it implies the limitation of maximum 8 RO group per SSB in the time period in case of multiple PRACH transmission.

Proposal 2:  adopt option 4 for PRACH mask index when it is for CFRA usage, and it implies the limitation of maximum 8 RO group per SSB in the time period in case of multiple PRACH transmission.
· 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 second usage, the CBRA purpose of common PRACH case, the above analysis of the 4 options on the drawbacks are still applied, however, the impact on the suitableness to the CBRA usage is not that critical. For example, it can be based on the masked RO then form the RO group or based on the RO groups then mask some of them out. However, option 2 and option 3 are discussing UE to determine the masked RO group when PRACH transmission is happening, which is not aligned with the CBRA purpose which is usually before any transmission. Thus, we support option 1 or option 4 as the candidate solutions for this purpose. For simplicity perspective, we think both purposes take same option can ease both gNB and UE implementation so option 4 is also preferred in this usage. 
Observation 2: both option 1 and option 4 are acceptable for CBRA purpose of shared PRACH configuration case. 
Proposal 3: adopt option 4 for PRACH mask index when it is for CBRA usage.
· 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).

Proposal 4:  adopt the corresponding TP for proposal 2 and proposal 3:
Reason for change: Introduce PRACH mask index description for multiple PRACH transmission. 
Summary of change: Description of the PRACH mask index for multiple PRACH transmission.
Consequences if not approved: The PRACH mask index for multiple PRACH transmission is not missing in TS 38.213.

=============================== Start of TP for TS 38.213 ==================================
8.1	Random access preamble
============================== Unchanged Text Omitted ====================================
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with 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, 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. For the PRACH mask index indicated by high layer, the PRACH mask index value indicates the PRACH occasion set index(es) for a given SSB index per time period.
================================   End of TP for TS 38.213   =================================

Dynamic waveform switching
One remaining issue for this AI is to capture a description of an additional PH report information for the assumed PUSCH in TS 38.213 based on existing RAN1 agreements. RAN2 has already captured this feature in TS 38.300/321/331, and UE features were already agreed in RAN1. The assumed PUSCH is with a transform precoding different from the transform precoding of the actual PUSCH that is scheduled by the DCI format with transform precoding indication. Thus, there would be two reports for the two PUSCHs: one PH report for the actual PUSCH (same as in pre-Rel-18 specifications) and one PH information report (i.e., Pcmax, as agreed in RAN2) for the assumed PUSCH.
RAN1 discussed extensively a TP for TS 38.213 during RAN1#115, without converging to an agreed TP or to a conclusion that the Editor would capture existing agreements. The feature (a report of an additional PH information by MAC CE), as already supported in RAN2 specifications, is complete and while a description in TS 38.213 may not be essential for the support of the feature in Rel-18, it would improve the clarity of the specifications.

Proposal 5: adopt the TP for TS 38.213.

Reason for change: Introduce power headroom information for assumed PUSCH in TS 38.213. 
Summary of change: Description of the power headroom information reported for an assumed PUSCH.
Consequences if not approved: The power headroom information reported for an assumed PUSCH is not described in TS 38.213.

=============================== Start of TP for TS 38.213 ==================================
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 DCI format that includes a transform precoder indicator bit, is provided phr-AssumedPUSCH-Reporting, 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 transform precoder is disabled for the actual PUSCH 
·  based on any applicable maximum output power reduction for an assumed PUSCH with transform precoder disabled, 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 of TP for TS 38.213   =================================

Conclusion
This contribution discusses the design consideration for multiple PRACH transmission. Observations and proposals are summarized as follows: 
Proposal 1： adopt option 1a and the corresponding TP.
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.
the corresponding TP:
Reason for change: Introduce power ramping suspension for multiple PRACH transmission. 
Summary of change: Description of the power ramping suspension for multiple PRACH transmission.
Consequences if not approved: The power ramping suspension for multiple PRACH transmission is not missing in TS 38.213.

=============================== Start of TP for TS 38.213 ==================================
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 the UE does not transmit any of the  preamble repetitions when applicable, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If UE transmits part of the  preamble repetitions when applicable, or Iif 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.
================================   End of TP for TS 38.213   =================================

Observation 1: there are two possible usages of PRACH mask index which have different intentions. One intention is for CFRA, the other is for selection of RO(s) for one feature when sharing the PRACH configuration with the other feature.

Proposal 2:  adopt option 4 for PRACH mask index when it is for CFRA usage, and it implies the limitation of maximum 8 RO group per SSB in the time period in case of multiple PRACH transmission.
· 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).

Proposal 3: adopt option 4 for PRACH mask index when it is for CBRA usage.
· 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).

Proposal 4:  adopt the corresponding TP for proposal 2 and proposal 3:
Reason for change: Introduce PRACH mask index description for multiple PRACH transmission. 
Summary of change: Description of the PRACH mask index for multiple PRACH transmission.
Consequences if not approved: The PRACH mask index for multiple PRACH transmission is not missing in TS 38.213.

=============================== Start of TP for TS 38.213 ==================================
8.1	Random access preamble
============================== Unchanged Text Omitted ====================================
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with 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, 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. For the PRACH mask index indicated by high layer, the PRACH mask index value indicates the PRACH occasion set index(es) for a given SSB index per time period.
================================   End of TP for TS 38.213   =================================


Proposal 5: adopt the TP for TS 38.213.

Reason for change: Introduce power headroom information for assumed PUSCH in TS 38.213. 
Summary of change: Description of the power headroom information reported for an assumed PUSCH.
Consequences if not approved: The power headroom information reported for an assumed PUSCH is not described in TS 38.213.

=============================== Start of TP for TS 38.213 ==================================
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 DCI format that includes a transform precoder indicator bit, is provided phr-AssumedPUSCH-Reporting, 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 transform precoder is disabled for the actual PUSCH 
·  based on any applicable maximum output power reduction for an assumed PUSCH with transform precoder disabled, 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 of TP for TS 38.213   =================================
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