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[bookmark: _Ref138137599]Introduction
During the previous RAN2 meetings for this WI the possible fallback scenarios that are applicable between single PRACH transmission (legacy) and Multiple PRACH Transmissions, and the different number of repetition factors within Multiple PRACH Transmissions have been discussed. This contribution discusses the possible scenarios with some proposals on how to proceed. 

Page 1

Apart from that, there has also been information sent from RAN1 and RAN4 by means of LSs. These LSs are expected to be treated online in RAN2#123bis, but our view on how to proceed in the area is described in this contribution.
[bookmark: _Ref178064866][bookmark: _Ref117485385]Discussion
During RAN2#123 the following agreement was made:
RAN2#123: For a RACH partition associated with multiple Msg1 repetition numbers, the parameters defined in RACH-ConfigGeneric IE (except preambleReceiveTargetPower and powerRampingStep) are common for those repetition numbers. This will reuse existing IE. We will allow different ROs to be used for different repetitions in the signalling. If this complicates the RRC with option 2.2 too much we can revisit that agreement
This agreement caused some confusion on whether or not earlier RAN1 agreements would be violated. After offline discussion it seems as there are alternatives that would respect the RAN1 agreements.
However, for the exception regarding preambleReceivedTargetPower, it seems as after the offline discussions when configuration in RRC is a bit clearer, it would be valuable to re-iterate on this particular parameter. A UE that chooses to use Multiple PRACH Transmissions does this because it has been decided based on RSRP measurements that indicates that the radio characteristics is not suitable for single PRACH transmission. By this decision, it seems like the intended received target for the preambles at the gNB should not be different when using multiple PRACH transmissions.
[bookmark: _Toc146828643]Regardless of single or multiple PRACH transmissions, the received target power for each PRACH transmissions at the gNB should be the same.
The agreement states that the parameters defined in RACH-ConfigGeneric should be common for all repetition numbers in the RACH partition. So, the same observation could be done when a UE goes from lower number of repetitions to higher number. This is especially important for the case when a UE falls back from lower to higher number of repetitions, since according to legacy principles a UE should not change more than one domain when a new RACH attempts is done. Given that a fallback from lower to higher would mean a change in time domain, it should not at the same time change the power domain.
[bookmark: _Toc146828644]Changing both time and power domain between RACH attempts would introduce a violation against legacy procedures.
[bookmark: _Toc146828651]The parameter preambleReceivedTargetPower is reused from RACH-ConfigGeneric.

2.1 Fallback from lower to higher number of PRACH transmissions
The current modelling of random access for single PRACH transmission is described in Figure 1. A procedure is initialized (normal case from RRC) and the selection of resources is done in a series of steps. If no RAR is received after sending the preamble, and preambleTransMax has not been reached, a random backoff time is selected and the procedure runs again with a new attempt. The backoff timer is necessary since there might have been a collision with another UE, that caused absence of a RAR message to the UE.

[image: A diagram of a process flow

Description automatically generated]
[bookmark: _Ref146516975]Figure 1; Single PRACH Transmission as defined in 38.321.
For the case of Multiple PRACH Transmissions, it will be performed based on the downlink RSRP, while the access is done in uplink. Even if the downlink and uplink RSRPs could be expected to have some kind of correlation, it is more likely that the absence of a RAR message is due to that the UE has not been detected at the gNB side. Keep in mind that the use of Multiple PRACH Transmissions is done in areas of bad coverage.
[bookmark: _Toc146828645]For Multiple PRACH Transmissions, the absence of a RAR is likely to be the cause of wrong repetition factor selection.
For this reason, it is better for the UE to immediately make a new attempt, and possibly (according to the configuration) increase the repetition factor. A new backoff distribution, which includes the value of zero should be introduced for UEs using Multiple PRACH Transmission as in Figure 2.
Considering the following agreements made in previous RAN2 meeting, we believe Figure 2 could serve as a base for future discussions on how to model Multiple PRACH Transmissions.
RAN2#123: UE does not reset counters: PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER upon fallback from lower number to higher number.

RAN2#123: Introduce a RRC configured threshold (e.g. TransMax-Msg1RepNum), the field is used for deciding whether to trigger fallback from with lower number to higher number when the number of Msg1 transmission exceeds this threshold. This parameter is common for different repetition numbers configured in one RACH partition.

[image: ]
[bookmark: _Ref146523310]Figure 2; Proposed modelling of fallback with separate backoff distribution for Multiple PRACH Transmissions.
[bookmark: _Toc146828652]A new backoff distribution, which includes the value of zero is introduced for UEs using Multiple PRACH Transmission.
2.2 Enhanced PHR PCMAX
The Rel-18 work on further NR coverage enhancements [1] includes study for power domain enhancements of UE transmissions: 
· 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)

In this matter, there have been LSs sent between RAN4 and RAN1 discussing how the enhanced PHR could be implemented in the specifications.
In RAN#100, a way forward for the work on MPR/PAR reduction was discussed resulting in the following agreement [2].  Since no further work is needed in RAN1, this contribution addresses only aspects related to Improved scheduling using higher power CA/DC. 
· Proposal #1
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact
The LS sent from RAN4 to RAN1, ref [1], asked RAN1 to consider the following in their work:
	· enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed 
· The occasion of the report should be limited to when configured duty cycle is exceeded. 
· can be combined with full-power MIMO transmission capability reporting corresponding to the current power class 


However, in the response LS from RAN1 back to RAN4 (and now added RAN2) it can be noticed that:
	Concerning the recommendation of enabling UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceeded:
a) RAN1 understands it as related to a PHR reporting enhancement by means of which Power class fallback ΔPPowerClass is reported by UE with aperiodic PHR as discussed in R4-2303560, i.e., the WF brought to RAN1’s attention by RAN4 with R4-2303701, Reply LS on enhancements to realize increasing UE power high limit for CA and DC.
b) The duty cycle exceedance is referred to by RAN4 as “occasion of the report”. RAN1 understands that this expression refers to the event that triggers the aperiodic PHR report, and not to the actual UL resource to send the MAC-CE carrying the report, which would be still subject to UL resource availability as per RAN1 specification.
c) RAN1 does not see a RAN1 impact for this enhancement.


[bookmark: _Toc118702278][bookmark: _Toc118703246][bookmark: _Toc131778799][bookmark: _Toc118443754][bookmark: _Toc118673323][bookmark: _Toc118673539][bookmark: _Toc118674863][bookmark: _Toc118677238][bookmark: _Toc118702285][bookmark: _Toc118703253]With the yellow highlighted text in mind, and also the fact that RAN2 was added as a recipient in the reply LS from RAN1 (with action to consider this in future work), we would like to provide the following information on the matter.
2.2.1 Carrying of Information
First of all, the reasoning for enhancing the PHR with information about ∆PPowerClass is very well described in a previous RAN1 contribution, ref [1]. The conclusion of this paper is that the PHR MAC CEs should be updated to include information about ∆PPowerClass to aid the gNB in scheduling a UE.
[bookmark: _Toc146275195][bookmark: _Toc146828646]RAN4 has asked for the addition of ∆PPowerClass in existing framework for Power Headroom report. 
[bookmark: _Toc146275196][bookmark: _Toc146828647]The update of MAC CEs and the triggering rules falls under RAN2 responsibilities.
PHR is currently specified as a MAC CE in 38.321 as Single Entry PHR MAC CE and Multiple Entry PHR MAC CE (6.1.3.8 and 6.1.3.9). For the Single Entry PHR MAC CE (6.1.3.8) the current specification looks like in Figure 1 below.
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[bookmark: _Ref146266509][bookmark: _Ref146266514]Figure ; Single Entry PHR MAC CE
The enhanced report redefines the 2 ‘MPE or R’ bits for FR1 as a DPC field that can convey information for the power class or non-PC based methods. For the ΔPPowerClass reporting, the DPC bits could be set as follows:
· DPC = ‘00’: ΔPPowerClass = 0 dB, no fallback
· DPC = ‘01’: ΔPPowerClass = 3 dB
· DPC = ‘10’: ΔPPowerClass = 6 dB
The non-PC based reports, the same two ‘R’ bits are also used as DPC bits, but are set as follows, such that the power reduction ΔP falls into a multiple ranges:
· DPC = ‘00’: ΔP = 0 dB
· DPC = ‘01’: 0 < ΔP ≤ 3 dB
· DPC = ‘10’: 3 < ΔP ≤ 6 dB
· DPC = ‘11’: ΔP > 6 dB
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Description automatically generated with medium confidence]
Figure ; Enhanced Single Entry PHR MAC CE carrying information about ΔPPowerClass (DPC)
For the multiple entry report, the power class fallback ΔPPowerClass is reported per serving cell according to the type (Type 1 for PUSCH). The reserved bit of the first octet could be replaced by a one bit “DPC” and is used to report the band combination (BC) fallback with respect to the indicated power class per BC by powerClass for ΔPPowerClass based reporting, or alternatively that the power reduction is 0 vs. >3 dB in the non-PC based reporting. Alternatively, for ΔPPowerClass based reporting, it might be sufficient to report a >3 dB fallback for band combinations assuming the existing power classes, since this will be a cap on the total power regardless of if the per band powers are in fallback or not. 
Therefore, for the BC power class and ΔPPowerClass based reporting, the one bit DPC field can be defined as:
· DPC = ‘0’: ΔPPowerClass,CA = 0 dB, no BC power-class fallback
· DPC = ‘1’: ΔPPowerClass,CA = 3 dB (or possibly ΔPPowerClass,CA ≥ 3) dB indicating UE power prioritization at a lower PCMAX for the band combination.
For the non-PC based reporting, the one bit DPC field for the BC power class can be defined as:
· DPC = ‘0’: ΔP = 0 dB
· DPC = ‘1’: ΔP > 3 dB indicating UE power prioritization at a lower PCMAX for the band combination.
The P-bit operation (identifying when P-MPR is applied) is not changed in the enhanced report and follows the current definitions in 38.213 and 38.321.
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Figure ; Multiple Entry PHR MAC CE
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Figure ; Enhanced Multiple Entry MAC CE carrying information about ΔPPowerClass (DPC)
[bookmark: _Toc146275198][bookmark: _Toc146828653]Update Single Entry PHR MAC CE and Multiple Entry PHR MAC CE with information about ΔPPowerClass.
2.2.2 Triggering rules
With a clear proposal available on how to carry information about ΔPPowerClass it is also relevant to discuss the triggers to send this information. Current triggering rules do not take into the account that the UE has performed backoff according to ΔPPowerClass.
[bookmark: _Toc146275197][bookmark: _Toc146828648]Current triggering conditions does not take into account the triggering of PHR for the case where UE performs backoff due to ΔPPowerClass.
Apart from the existing criteria in 3GPP TS 38.321 chapter 5.4.6 it is also suggested to add the following:
[bookmark: _Hlk115023839]A Power Headroom Report (PHR) shall be triggered if any of the following events occur:
1> -	phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one RS used as pathloss reference for one activated Serving Cell of any MAC entity of which the active DL BWP is not dormant BWP since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
2> -	phr-ProhibitTimer expires or has expired and the power class has changed by at least phr-Tx-BandPowerClassChange dB for at least one activated Serving Cell of any MAC entity of which the active UL BWP is not dormant BWP since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
3> -	phr-ProhibitTimer expires or has expired and the power class has changed by at least phr-Tx-PowerClassChange dB for a configured band combination with at least one activated Serving Cell of any MAC entity of which active UL BWPs are not dormant BWP since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
[bookmark: _Toc146275199][bookmark: _Toc146828654]Add triggering conditions for PHR to send the information to gNB for adapted scheduling.

2.3 Enhanced PHR Dynamic Waveform Switching
An LS was sent from RAN1 to RAN2 with an action to consider the following RAN1 Agreement:
	Agreement
Support following enhancement to assist the scheduler in determining waveform switching:
· Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 
· Note: Any MAC CE related design is up to RAN2
· Subject to separate UE capability 
· Details FFS.
Conclusion (Made in RAN#100, RP-231498)
RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI
Send LS to inform above agreement and conclusion.



A UE follows principles for Power Headroom Reporting according to TS 3GPP 38.321 chapter 5.4.6. The triggering conditions for this case has been agreed by RAN plenary to not be considered in the work of RAN2, as cited in the agreement in chapter 1 Introduction. However, RAN2 could still discuss and decide about the reporting of the information made by the RAN1 agreement as sent in the LS.
RAN1 wishes to enhance the PHR with information about an assumed PUSCH, meaning an alternative waveform. The reporting of such information could be done in existing MAC CEs with modification, or as a new MAC CE. RAN2 is not supposed to work on the triggering conditions for the PHR, but the selection of MAC CE is not affected by the triggering conditions. Thus, it seems as RAN2 can freely decide upon a new MAC CE or carry the information in an existing one.
[bookmark: _Toc146828649]Information about PCMAX of an assumed PUSCH can be carried by a legacy MAC CE or new MAC CE without impacting the existing triggering conditions.
PHR is currently specified as a MAC CE in 38.321 as Single or Multiple Entry PHR of different kinds depending on the network configurations. The information that needs to be carried is:
· Power Headroom, 6 bits
· PCMAX of current waveform, 6 bits
· PCMAX of target waveform, 6 bits

It could also be considered to report target waveform PCMAX with a differential from the PCMAX of the current waveform to save bits and possibly find a MAC CE that would have room for fewer than 6 bits. However, after investigating current PHR MAC CEs it seems that no MAC CE has available bits to carry this information, absolute or relative.
[bookmark: _Toc146828650]No existing MAC CE is suitable to carry PCMAX of target waveform.
As a reference, RAN2 could consider the existing MAC CE Enhanced Single Entry PHR for multiple TRP MAC CE as shown in Figure 1.


Figure ; Multiple Entry PHR MAC CE
This carries information about two PHRs and one PCMAX, so this could be used as a model for the new MAC CE. The proposal for a new MAC CE is described in Figure 2.

	[bookmark: OLE_LINK7]
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Figure ; Proposal for new MAC CE to carry information about PCMAX for target waveform

[bookmark: _Toc146828655]Define a new MAC CE carrying Power Headroom, PCMAX of CP-OFDM waveform and PCMAX of DFT-S-OFDM waveform.
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Conclusion
[bookmark: _Hlk76116627]In the previous sections we made the following observations: 
Observation 1	Regardless of single or multiple PRACH transmissions, the received target power for each PRACH transmissions at the gNB should be the same.
Observation 2	Changing both time and power domain between RACH attempts would introduce a violation against legacy procedures.
Observation 3	For Multiple PRACH Transmissions, the absence of a RAR is likely to be the cause of wrong repetition factor selection.
Observation 4	RAN4 has asked for the addition of ∆PPowerClass in existing framework for Power Headroom report.
Observation 5	The update of MAC CEs and the triggering rules falls under RAN2 responsibilities.
Observation 6	Current triggering conditions does not take into account the triggering of PHR for the case where UE performs backoff due to ΔPPowerClass.
Observation 7	Information about PCMAX of an assumed PUSCH can be carried by a legacy MAC CE or new MAC CE without impacting the existing triggering conditions.
Observation 8	No existing MAC CE is suitable to carry PCMAX of target waveform.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The parameter preambleReceivedTargetPower is reused from RACH-ConfigGeneric.
Proposal 2	A new backoff distribution, which includes the value of zero is introduced for UEs using Multiple PRACH Transmission.
Proposal 3	Update Single Entry PHR MAC CE and Multiple Entry PHR MAC CE with information about ΔPPowerClass.
Proposal 4	Add triggering conditions for PHR to send the information to gNB for adapted scheduling.
Proposal 5	Define a new MAC CE carrying Power Headroom, PCMAX of CP-OFDM waveform and PCMAX of DFT-S-OFDM waveform.
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