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Introduction
In this document, we continue discussion on correction for SCell PRACH power scaling for UL CA power limited case. This issue was raised in [1],[2] in RAN1#112b-e. It was discussed in email thread [112bis-e-AI7.1-14] (summary of discussion is in [3]). Chairman’s guidance on the email thread was to come back to this issue in Aug RAN1#114 meeting.  
Discussion
SCell PRACH power scaling issue for UL CA
Below is a recap from [1] on the issue.
[bookmark: _Hlk131608964]Power scaling for UL CA is captured in 38.213 sub-clause 7.5. For case when there is overlap between periodic SRS transmission on PCell and a PDCCH order triggered PRACH transmission on SCell, the highlighted text below can be interpreted to imply that UE should prioritize periodic SRS over PDCCH order triggered PRACH during power allocation for power limited case.
-------------------- spec excerpt from 38.213 sub-clause 7.5 -------------------------
7.5	Prioritizations for transmission power reductions

For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS 38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ]. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion [image: ], the UE does not include power for transmissions starting after the symbol of transmission occasion [image: ]. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 
-	PRACH transmission on the PCell
-	PUCCH or PUSCH transmissions with higher priority index according to clause 9 
-	For PUCCH or PUSCH transmissions with same priority index 
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.
 -------------------- end spec excerpt ---------------------------------------------------

However, PDCCH order triggered PRACH having higher priority over periodic SRS is the technically correct behavior[footnoteRef:2]. The PRACH transmission on SCell is more critical (it is used to get initial TA estimate for the SCell) than a particular instance of periodic SRS. It is also ‘aperiodic’ and general principle for power scaling behavior has been that aperiodic transmissions are prioritized.  [2:  It is also aligned with the behavior specified in LTE as shown in Annex C.] 

The above issue impacts practical deployments, especially the case of FR1 UL CA with a TDD PCell and FDD SCell. For this case, the PCell and SCell are typically in separate TAGs and PDCCH ordered PRACH is required on the SCell to get TA estimates. 
Without spec clarification to correct the above issue, UEs could scale down/drop the PRACH and frequent dropping of PRACH on SCell would have significant negative impact on UL CA operation. For a typical 1T4R configuration of ‘antenna switching’ SRS resource set where P-SRS is configured on TDD PCell to support reciprocity-based beamforming, the UE could have P-SRS in every frame and the SRS resources can overlap with possible PRACH occasions for several PRACH configurations. This is possible for several TDD UL/DL configurations and there could also be cases where the P-SRS resources can overlap with a possible PRACH occasion in every radio frame. This leads to significant restrictions on PRACH/P-SRS configurations that can be used by gNB for UL CA or results in frequent RRC signaling to avoid collisions, both degrading UL CA performance significantly.
Potential Solutions

[image: ]
Figure 1- UL CA Power Control prioritization between PRACH on SCell and Periodic SRS on PCell

As discussed in section 2.1, current spec text can be interpreted to imply Behavior 1 (P-SRS on PCell > PDCCH ordered PRACH on Scell) for power control priority order while Behavior 2 (PDCCH ordered PRACH on SCell > P-SRS on PCell) is technically correct. 
Given this, the spec has to be updated to clarify that UEs should apply Behavior 2. The clarification can be done using following options.
Option 1 (clarify without capability bit)
This option was proposed in [1], [2]. 

In [112bis-e-AI7.1-14] email discussion, some UE vendors preferred to clarify the spec by introducing a capability bit (i.e., option 2 in next section) to accommodate backward compatibility issues from UE perspective.
Option 2 (clarify with capability bit)
The spec updates to 38.213 for this option are shown below. Capability bit details are given in Annex A. 

-------------------- start TP to 38.213 vgd0 sub-clause 7.5 -------------------------
7.5   Prioritizations for transmission power reductions
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS 38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ]. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion [image: ], the UE does not include power for transmissions starting after the symbol of transmission occasion [image: ]. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 
-	PRACH transmission on the PCell
-	PUCCH or PUSCH transmissions with higher priority index according to clause 9 
-	For PUCCH or PUSCH transmissions with same priority index 
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	If the UE indicates capability <FG xyz> 
-	Aperiodic SRS transmission or PRACH transmission on a serving cell other than the PCell 
-	Semi-persistent and/or periodic SRS transmission
-	otherwise,
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.
-------------------- end TP ---------------------------------------------------



In [112bis-e-AI7.1-14] email discussion, this option was acceptable for most companies and it is also our preferred option. As indicated in RAN1#112bis-e, fixing this issue from Rel16 using this option would help practical TDD-FDD UL CA deployments with multiple TAGs. 

Applying the fix in later release, e.g., in Rel17 potentially including an additional RRC parameter (i.e., option 3 in next section) is a possibility, but it reduces practical benefit of the correction. 

For this option 2, the aspect of backwards compatibility from gNB perspective was raised as a drawback in [112bis-e-AI7.1-14] email discussion. 

Firstly, we note that such backwards compatibility discussion is limited only to any existing gNBs that already implement UL CA with multiple TAGs. 

In our understanding such gNBs could not in practice rely on having overlapping PCell P-SRS and SCell PRACH occasions with UEs prioritizing  power according to Behaviour 1. Instead, the gNBs are restricted to avoid overlap between SCell PRACH and PCell P-SRS occasions. For such gNBs, the clarification according to Option 2 (which only deals with overlapping cases) would not have any impact.

If a gNB implementing UL CA with multiple TAGs were to somehow rely on possibility of  allowing overlapping P-SRS and SCell PRACH with UEs prioritizing  power according to Behaviour 1, 

· Since PRACH is the more critical transmission, gNB will have to configure smaller open loop power for P-SRS transmissions to ensure that some power is available for SCell PRACH in the rare occasion that it is sent. This degrades the performance for both P-SRS and SCell PRACH related functionalities.
· The gNB cannot accurately estimate the transmit power used for SCell PRACH (PRACH usually would be first UL transmission on the SCell after long inactivity, its transmit power would be based only on open loop power control, and absolute power control tolerance requirements in RAN4 allow large margin of error). Due to this SCell PRACH dropping would still be unavoidable with Behaviour 1 even if lower power is configured for P-SRS.
· The effect of Behaviour 2 for such a gNB (i.e., if such gNB exists in spite of above negative consequences) would be that the P-SRS is received with lower-than-expected power when colliding with SCell PRACH. The overall effect on functionalities relying on P-SRS due to this would be minimal since the PRACH is sent rarely compared to P-SRS. The dominant impact instead would be on functionalities such as SCell activation, BFR and resync-up which are degraded due to PRACH scaling/dropping. A clarification based on option 2 could in fact help such gNBs by reducing the SCell PRACH dropping for UEs implementing the fix.
Considering above aspects, we believe that the argument against option 2 about gNB backwards compatibility is not justified by practical considerations. 

Option 3 (clarify with capability bit and new RRC parameter)

The spec updates to 38.213 and potential RRC parameter description for this option are shown below. Capability description from Annex A can be reused for this option.

< RRC parameter abc >
This parameter is configured for UEs indicating <FG xyz>. When configured, the UE applies UL power control prioritization according to the related description in 38.213 sub-clause 7.5
-------------------- start TP to 38.213 vgd0 sub-clause 7.5 -------------------------
7.5   Prioritizations for transmission power reductions
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS 38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ]. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion [image: ], the UE does not include power for transmissions starting after the symbol of transmission occasion [image: ]. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 
-	PRACH transmission on the PCell
-	PUCCH or PUSCH transmissions with higher priority index according to clause 9 
-	For PUCCH or PUSCH transmissions with same priority index 
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	If the UE is configured with <RRC parameter abc> 
-	Aperiodic SRS transmission or PRACH transmission on a serving cell other than the PCell 
-	Semi-persistent and/or periodic SRS transmission
-	otherwise,
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.
-------------------- end TP ---------------------------------------------------




This option should address the gNB backwards compatibility argument raised for Option 2 in [112bis-e-AI7.1-14] email discussion. 
The drawbacks of this option include a) it delays fixing the issue under discussion to Rel17 b) it requires UEs to implement both Behavior 2 and Behavior 1 (for which there seems to be no technical justification). 
As discussed in previous section, we see the gNB backwards compatibility argument raised for Option 2 as not jutified by practical deployment considerations for UL CA with multiple TAGs. 
Considering the above, we prefer Option 2 over this option.
Conclusions
 In this document we discuss corrections to SCell PRACH power scaling for UL CA power limited case and propose the following
Proposal 1
· Clarify in 38.213 sub-clause 7.5 that UE should prioritize PDCCH order triggered PRACH transmission on SCell over periodic/semi-persistent SRS transmission on PCell for power allocation in power limited case when there is overlap between them.

Proposal 2
· Agree to the draft CR provided in [4] reflecting below TP
-------------------- start TP to 38.213 vgd0 sub-clause 7.5 -------------------------
7.5   Prioritizations for transmission power reductions
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS 38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ]. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion [image: ], the UE does not include power for transmissions starting after the symbol of transmission occasion [image: ]. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 
-	PRACH transmission on the PCell
-	PUCCH or PUSCH transmissions with higher priority index according to clause 9 
-	For PUCCH or PUSCH transmissions with same priority index 
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	If the UE indicates capability <FG xyz> 
-	Aperiodic SRS transmission or PRACH transmission on a serving cell other than the PCell 
-	Semi-persistent and/or periodic SRS transmission
-	otherwise,
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.
-------------------- end TP ---------------------------------------------------
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Annex A (Details of UE capability bit)

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	xx
	FG-xyz
	Prioritization of PRACH on SCell over Semi-persistent and/or periodic SRS transmission for UL CA Power control
	Indicates whether the UE supports prioritization of PRACH on SCell over Semi-persistent and/or periodic SRS transmission for power limited case for UL CA power control
	[6-6]
	Yes
	N/A
	
	Per BC
	No
	No
	
	
	Optional with capability signalling



Annex B (Relevant RAN1 Agreements)
Relevant agreements from RAN1#92
Agreement:
Following working assumption is confirmed with the understanding that the CCs are in the same cell group:
· In Case 2, (CCs/uplinks configured for UE have same or different numerologies and partially overlapping transmissions between different CCs/uplinks and same/different transmission duration and one or two PUCCH group(s)), when the UE is power limited due to simultaneous transmission on multiple serving CCs/uplinks,
· PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of Scell
· Within a same priority level, PCell is prioritized over Scell
· In case that transmission power exceeds Pcmax, Scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax.
· Note: different priority of SRS used for carrier switching can be discussed further
· Scaling or dropping of the whole or part(s) of a transmission is left to UE implementation.
· Note: If the aggregated transmission power does not exceed Pc_max within any part of a transmission that overlaps with other transmission(s), the transmission is considered as non-power limited case.
· Note: power control with look-ahead is not required at UE.
FFS: Priority on the UL and SUL 

Agreement:
· For power control, the following priority rules for SRS transmission is adopted
· A-SRS > SP-SRS/P-SRS
· Additional prioritization rules for SRS carrier switching cases are not introduced.



Annex C 
As shown in below spec excerpts from 36.213, SCell PRACH transmission is prioritized over SRS for multiple TAGs case in LTE as well.
------------- start spec excerpt from 36.213 sub-clause 5.1.1.1 -----------------------------------



-	If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe/slot/subslot  for a given serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe/slot/subslot  for a different serving cell in another TAG the UE shall adjust its total transmission power to not exceed on any overlapped portion.




-	If the UE is configured with multiple TAGs, and if the trigger type 0/1 SRS transmission of the UE in a symbol on subframe/slot/subslot  for a given serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe/slot/subslot or subframe/slot/subslot  for a different serving cell in the same or another TAG the UE shall drop trigger type 0/1 SRS if its total transmission power exceeds on any overlapped portion of the symbol. 
-	If the UE is configured with multiple TAGs, and if the trigger type 2 SRS transmission of the UE in a symbol on subframe/slot/subslot  for a given serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe/slot/subslot ,  or  for a different serving cell in the same or another TAG, the UE shall drop the trigger type 2 SRS in the overlapped symbol if its total transmission power exceeds  on any overlapped portion of the symbol.





-	If the UE is configured with multiple TAGs and more than 2 serving cells, and if the trigger type 0/1 SRS transmission of the UE in a symbol on subframe/slot/subslot  for a given serving cell overlaps with the SRS transmission on subframe/slot/subslot  for a different serving cell(s) and with PUSCH/PUCCH transmission on subframe/slot/subslot or subframe/slot/subslot  for another serving cell(s) the UE shall drop the trigger type 0/1 SRS transmissions if the total transmission power exceeds on any overlapped portion of the symbol. 
-	If the UE is configured with multiple TAGs and more than 2 serving cells, and if the trigger type 2 SRS transmission of the UE in a symbol on subframe/slot/subslot  for a given serving cell overlaps with the SRS transmission on subframe/slot/subslot ,  or  for a different serving cell(s) and with PUSCH/PUCCH transmission on subframe/slot/subslot ,  or  for another serving cell(s), the UE shall drop the trigger type 2 SRS transmission in the overlapped symbol if the total transmission power exceeds  on any overlapped portion of the symbol.

-	If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH in a secondary serving cell in parallel with SRS transmission in a symbol on a subframe of a different serving cell belonging to a different TAG, drop SRS if the total transmission power exceeds on any overlapped portion in the symbol.

-	If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH in a secondary serving cell in parallel with PUSCH/PUCCH in a different serving cell belonging to a different TAG, adjust the transmission power of PUSCH/PUCCH so that its total transmission power does not exceed on the overlapped portion.
------------- start spec excerpt from 36.213 sub-clause 5.1.1.1 -----------------------------------
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