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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 #116, no agreement could be made concerning the use of the PRACH mask in case of PRACH transmission with preamble repetitions. According to what seems to be a common understanding in RAN1, the latter would wait for RAN2 to assess whether and how the PRACH mask can be used in conjunction with PRACH transmission with preamble repetitions.
In this context, RAN2 has agreed to try to support it and try to converge at next meeting. If no convergence is possible, then the applicability of the PRACH mask in case of PRACH transmission with preamble repetitions will not be supported in Rel-18.
Technically speaking RAN2 has not agreed on a specific list of options to consider, although the 4 options for multiple PRACH transmissions with indication of PRACH mask index discussed in RAN1 since RAN1 #115 will certainly be among the possible candidates [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:
· Option 1:
· 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 has the disadvantage of resulting in different RO sets depending on the configured PRACH masks. This may be rather complex for the gNB to support, given that the latter could need to maintain different RO sets and time periods depending on the configured masks (at the same time). We note that this option is the only one causing this issue which could arguably be solved only by never configuring PRACH masks together with PRACH transmission with preamble repetitions, i.e., this would be equivalent to not supporting the applicability of PRACH masks to PRACH transmission with preamble repetitions in Rel-18.
· Option 2: 
· This option 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 three consequences:
· It is not clear how NW could ensure that all the codepoints of PRACH masks would point to different sets/resources, as per original intention of the PRACH mask. This may complicate gNB’s scheduling quite substantially.
· 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.
· 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.
· Option 3: 
· This option solves most of the 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. 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. At the same time, this option would have a similar drawback as Option 2, since several codepoints of the PRACH mask would result in the same RO set indication according to this option. This seems to hinder the relevance of the PRACH mask itself, and reduces the extent of its applicability, since gNB would not be able to have the same fine control on the resource indication for PRACH as in previous releases.
· The problem could be solved if the PRACH mask indicated the first valid RO of a set for PRACH transmission with preamble repetition, however this may result in a lower number of RO sets that can be indicated by the PRACH mask, within the time period.
· Option 4: 
· This option is the only one that simultaneously guarantees:
1. RO sets position within a time period is independent on the PRACH mask;
2. finer RO set density control;
3. full applicability of the PRACH mask to PRACH transmission with preamble repetitions, given that all the codepoints would point to different sets/resources.
As such, 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. Additionally, it would allow to use the PRACH mask for what it was conceived, i.e., indicate separate resources with different PRACH masks, and ease gNB’s implementation. At the same time, it would open at least one discussion on the behavior in case the PRACH mask value is incompatible with the actual number of groups in a time period and so on. 

Now, if RAN2 decide to support the use of PRACH masks together with PRACH transmission with preamble repetitions, and if such decision is taken during RAN2 #125-bis, RAN1 may be able to close this discussion during RAN1 #116-bis. In this case, having some TPs to work on to capture the impact of RAN2’s decision in RAN1 specification may be useful. Obviously, this logic holds if RAN2 decides to support any of the 4 options above (which seems a rather likely outcome in case a constructive decision is taken about this problem). If a new option is agreed in RAN2, then RAN1 might need to work on another TP to capture the corresponding RAN1 spec impact.
[bookmark: _Hlk162364922]Observation 1. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concerns one of the 4 options agreed in RAN1 during RAN1 #115, then RAN1’s work would be facilitated by the presence of draft TPs to work on.
The following TPs are then proposed to capture the impact of agreeing one of the 4 options above in Clause 8.1 of TS 38.213, where the following header would apply to all TPs.
	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.



Proposal 1. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concern Option 1 agreed in RAN1 during RAN1 #115, the following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions consecutive in time and using the same frequency resources. If a UE is provided with a PRACH mask index, the  valid PRACH occasions are indicated by the mask index value and are associated with same one SS/PBCH block index in one or multiple mapping cycles. Otherwise, the  valid PRACH occasions 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. 
< Unchanged parts are omitted >
Within a time period, for set(s) of  valid PRACH occasions for a PRACH transmission with  preamble repetitions, and subject to any indication given by the PRACH mask, if provided to the UE  
-	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 parts are omitted >



Proposal 2. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concern Option 2 agreed in RAN1 during RAN1 #115, the following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with  preamble repetitions a set of  PRACH occasions where each PRACH occasion in the set is indicated by PRACH mask index value for the indicated SS/PBCH block index.
*** Unchanged parts are omitted ***



Proposal 3. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concern Option 3 agreed in RAN1 during RAN1 #115, the following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with  preamble repetitions a set of  PRACH occasions where at least one PRACH occasion of the set is indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle.
*** Unchanged parts are omitted ***



Proposal 4. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concern Option 3 agreed in RAN1 during RAN1 #115, with the restriction of it to consider only the first valid PRACH occasion of a set, the following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with  preamble repetitions a set of  PRACH occasions where the first valid PRACH occasion of the set is indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle.
*** Unchanged parts are omitted ***



Proposal 5. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concern Option 4 agreed in RAN1 during RAN1 #115, the following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with preamble repetitions a set of  PRACH occasions indicated by the PRACH mask index value for the indicated SS/PBCH block index. The indexing of the PRACH occasion sets indicated by the mask index value is reset every 8 PRACH occasion sets or every time period.
*** Unchanged parts are 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, the ordering of the PRACH occasion set(s) is
-	First, in increasing order of frequency resource index of the first valid PRACH occasion of the set, for frequency multiplexed PRACH occasions
-	Second, in increasing order of time resource index of the first valid PRACH occasion of the set, for time multiplexed PRACH occasions within a PRACH slot
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.
*** Unchanged parts are omitted ***



[bookmark: _Toc67700564]Conclusion
[bookmark: _Toc67700565]In this contribution we have discussed remaining issues of PRACH enhancements in Rel-18. The following observations were made:
Observation 1. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concerns one of the 4 options agreed in RAN1 during RAN1 #115, then RAN1’s work would be facilitated by the presence of draft TPs to work on.
The following proposals were made:
Proposal 1. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concern Option 1 agreed in RAN1 during RAN1 #115, the following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions consecutive in time and using the same frequency resources. If a UE is provided with a PRACH mask index, the  valid PRACH occasions are indicated by the mask index value and are associated with same one SS/PBCH block index in one or multiple mapping cycles. Otherwise, the  valid PRACH occasions 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. 
< Unchanged parts are omitted >
Within a time period, for set(s) of  valid PRACH occasions for a PRACH transmission with  preamble repetitions, and subject to any indication given by the PRACH mask, if provided to the UE  
-	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 parts are omitted >



Proposal 2. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concern Option 2 agreed in RAN1 during RAN1 #115, the following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with  preamble repetitions a set of  PRACH occasions where each PRACH occasion in the set is indicated by PRACH mask index value for the indicated SS/PBCH block index.
*** Unchanged parts are omitted ***



Proposal 3. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concern Option 3 agreed in RAN1 during RAN1 #115, the following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with  preamble repetitions a set of  PRACH occasions where at least one PRACH occasion of the set is indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle.
*** Unchanged parts are omitted ***



Proposal 4. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concern Option 3 agreed in RAN1 during RAN1 #115, with the restriction of it to consider only the first valid PRACH occasion of a set, the following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with  preamble repetitions a set of  PRACH occasions where the first valid PRACH occasion of the set is indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle.
*** Unchanged parts are omitted ***


Proposal 5. If a decision to support the use of PRACH masks together with PRACH transmission with preamble repetitions is taken by RAN2 during RAN2 #125-bis, and such decision concern Option 4 agreed in RAN1 during RAN1 #115, the following TP is proposed for multiple PRACH transmissions with indication of PRACH mask index.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with preamble repetitions a set of  PRACH occasions indicated by the PRACH mask index value for the indicated SS/PBCH block index. The indexing of the PRACH occasion sets indicated by the mask index value is reset every 8 PRACH occasion sets or every time period.
*** Unchanged parts are 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, the ordering of the PRACH occasion set(s) is
-	First, in increasing order of frequency resource index of the first valid PRACH occasion of the set, for frequency multiplexed PRACH occasions
-	Second, in increasing order of time resource index of the first valid PRACH occasion of the set, for time multiplexed PRACH occasions within a PRACH slot
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.
*** Unchanged parts are omitted ***
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