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1. Introduction

The LS from RAN1 on Pcmax for MTA overlap in [1] requests to RAN4 to include SRS in the Pcmax definition in the overlap region.
In RAN4 meeting #66, we presented a contribution in [2] explaining the issues to be resolved and we proposed to have a two step approach. 

a) First resolve the issue of the SRS and Pcmax for single cell and multiple cells in TAGs with no TA difference.

b) Resolve the more sophisticated MTA case.
This contribution proposes solutions (text proposals) for clarifying the Pcmax definition for SRS  in a single cell and multiple cells in different TAGs with no TA difference.
2. Discussion

2.1. Single Serving Cell

The definition of Pcmax in 36.101 makes no distinction as to what the transmission type is.

Pcmax is defined in section 6.2.5 as: 

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where

-
PCMAX_L = MIN {PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR, P-MPR) – TC}

-
PCMAX_H = MIN {PEMAX,  PPowerClass}

The allowed maximum power reductions according to TS36.101 are:

· MPR - defined (in section 6.2.3) as a function of modulation type and RB allocation

· A-MPR - defined (in section 6.2.4) as a function of channel BW, RB allocation, and in some cases where in the band the allocation falls (e.g., A-MPR is larger at the band edges)

· TC - defined (in section 6.2.5) as an additional allowance when the transmission falls in the band edges.
· P-MPR (as defined in 6.2.5) is the power management term for the UE

Pcmax and the allowed power reductions are independent of the type of UL transmission (i.e. PUSCH and/or PUCCH, SRS, RACH).
For the case of SRS being the only transmission by a given UE in a particular subframe, Pcmax and its associated allowed power reductions would be based on the parameters of the SRS transmission which include the RB allocation (which is the same as the SRS BW) and where in the band the SRS transmission falls.

For the modulation type, we believe it is understood that an SRS transmission is considered QPSK-like and is allowed the MPR associated for QPSK.
For the case of SRS in the same subframe as PUSCH and/or PUCCH, a shortened format is used for the PUSCH and/or PUCCH such that only SRS is transmitted in the last symbol.  In this case, there are two options: 1) a single Pcmax for the subframe or 2) independent Pcmax for the PUSCH/PUCCH symbols and for the SRS symbol.
Since the SRS BW and its location may be different than the PUCCH/PUSCH RB allocations, one or more of MPR, A-MPR, and  ΔTc, are most likely also different.   A single Pcmax value for the entire subframe would, therefore, penalize (i.e., unnecessarily reduce the max power of) either the SRS or the PUSCH/PUCCH.  This is because in order to respect the emissions requirements, the MPR, A-MPR, and ΔTc would need to be set for the worst case value between the two (similar to what is done when intra subframe hopping  is configured), i.e.:
· The allowed MPR for the whole subframe would be: Max { MPR for PUSCH/PUCCH, MPR for SRS}
· The allowed A-MPR for the whole subframe would be: Max { A-MPR for PUSCH/PUCCH, A-MPR for SRS}

· The allowed ΔTc for the whole subframe would be: Max { ΔTc for PUSCH/PUCCH, ΔTc for SRS}
As a consequence we believe that it is better to have a different Pcmax for the SRS symbol when SRS is combined with PUCCH/PUSCH in a subframe.

For single serving cell, independent Pcmax does not seem to pose any issue since the symbols for PUSCH/ PUCCH and the entire symbol for SRS can be treated independently.  There is also a 40us transition region between the PUSCH/PUCCH and SRS transmissions which preserves the SRS signal quality.
Proposal 1: For a given serving cell the UE is responsible for not exceeding Pcmax values which may be different for the symbols in a subframe carrying PUSCH and/or PUCCH and the symbol carrying SRS.

Proposal 2: The current Pcmax formula and parameters are applicable for the SRS symbol transmission and MPR for QPSK applies.
If the above proposals are agreeable by the group then we believe that for the single carrier case a note in  subclause 6.2.5 of 36.101 is sufficient in order to clarify the SRS maximum configured power. An additional note in subclause 6.2.3 could clarify the QPSK type MPR applicability for the SRS symbol as well.
We recognize that single carrier operation is existing R8/9 and R10 non-CA functionality.  Since there has until now been no RAN4 specification, the choice of one Pcmax vs. 2 Pcmax has been left to UE implementation.  We recommend the note be included for at least R11 to ensure uniform UE behavior going forward.

Before presenting the text proposal, there is one additional aspect to address which is how to handle the measured configured maximum output power, Pumax.  Pumax, is measured over at least one subframe (1ms).  If the measurement window includes a mixture of PUSCH/PUCCH and SRS and those transmissions have very different characteristics, and therefore Pcmax values, it may be difficult to determine the expected value of Pumax.  It is, therefore, recommended to avoid mixing PUSCH/PUCCH and SRS when performing output power conformance testing.
Proposal 3: Mixing PUSCH and/or PUCCH with SRS in a subframe when performing output power conformance testing should be avoided.
A note to this effect in subclause 6.2.5 of 36.101 can clarify this as well.
Proposal 4: TP for single cell in R11:
===============================Beginning of changes ============================
6.2.5
Configured transmitted power

The UE is allowed to set its configured maximum output power PCMAX. The configured maximum output power PCMAX is set within the following bounds:
PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where

-
PCMAX_L = MIN {PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR, P-MPR) – TC}

-
PCMAX_H = MIN {PEMAX,  PPowerClass}

-
PEMAX is the value given to IE P-Max, defined in [7] 

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1

-
MPR and A-MPR are specified in subclause 6.2.3 and subclause 6.2.4, respectively

-
P-MPR is the allowed maximum output power reduction for;

a)
Ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications.

b)
Ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.


The UE shall apply P-MPR only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB

NOTE 1: P-MPR was introduced in the PCMAX equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.

NOTE 2: P-MPR may impact the maximum uplink performance for the selected UL transmission path.

-
TC = 1.5 dB when Note 2 in Table 6.2.2-1 applies

-
TC = 0 dB when Note 2 in Table 6.2.2-1 does not apply
In case of standalone SRS transmission, PCMAX applies to the SRS symbol.  In case of SRS transmission combined with shortened PUSCH and/or PUCCH, a separate PCMAX applies to the SRS symbol and to the non-SRS symbols.  
The measured configured maximum output power PUMAX shall be within the following bounds:

PCMAX_L  –  T(PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H  +  T(PCMAX_H) 

Where T(PCMAX) is defined by the tolerance table below and applies to PCMAX_L and PCMAX_H separately

Table 6.2.5-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	23 < PCMAX ≤ 33
	2.0

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


Note: Mixing PUSCH and/or PUCCH with SRS in a subframe when performing output power conformance testing should be avoided.
=============================End of Changes========================================
2.2. Multiple cells (different TAGs) and no TA difference
In R11, there are new rules for handling SRS and multiple CCs.  The UE may transmit SRS in one CC and at the same time transmit a channel (SRS, PUSCH and/or PUCCH, or PRACH) in another CC as long as Pcmax is not exceeded in that last symbol. Some combinations are permitted for channels in both the same and different TAGs and some combinations are only permitted for channels in different TAGs.  

When SRS+SRS combination is allowed, if Pcmax would be exceeded when the SRSes are transmitted, the SRSes are scaled before transmission to not exceed Pcmax.  When SRS + another channel combination is allowed, if Pcmax would be exceeded when the SRS is transmitted, the SRS is dropped.  The decision as to whether to drop SRS is done first and if SRS is dropped, Pcmax for the remaining channels and power scaling are treated as if SRS had not been scheduled.

Determination of Pcmax for various R11 CA cases is discussed here. We presented these cases in detail in our contribution from RAN4 meeting #66, thus we will just add the cases here and propose a solution for the no TA difference case.
Note that for cases involving PUSCH, the same principles would apply if PUSCH is replaced by PUCCH, PUSCH+PUCCH, or PRACH.

Case1:  2 UL CCs, SRS+SRS, no TA difference
· CC1 is to transmit only SRS in the last symbol 

· CC2 is to transmit only SRS in the last symbol

In this case Pcmax,c for CC1 applies to the last symbol.  Pcmax,c for CC2 applies to the last symbol.  

One Pcmax value is needed and it applies to the sum of the SRS powers in the last symbol.

Case2:  2 UL CCs, SRS+PUSCH, no TA difference
· CC1 is to transmit PUSCH in all symbols

· CC2 is to transmit only SRS in the last symbol

In this case Pcmax,c for CC1 applies to the entire subframe.  Pcmax,c for CC2 applies to the last symbol.
Two Pcmax are needed in this case.  One applies to the sum of the PUSCH and SRS powers in the SRS (last) symbol.   The other applies to the non-SRS symbols and is Pcmax,c for CC1. 
Case3:  2 UL CCs, SRS with PUSCH+PUSCH, no TA difference
· CC1 is to transmit PUSCH in all symbols

· CC2 is to transmit PUSCH in all but the last symbol and SRS in the last symbol.

In this case Pcmax,c for CC1 applies to the entire subframe.  There are two Pcmax,c values for CC2, one which applies to all symbols but the last one and one which applies to the last symbol.  

Two Pcmax are needed in this case.  One applies to the sum of the CC1 PUSCH power and the CC2 SRS power in the SRS symbol.  The other applies to the sum of the CC1 PUSCH power and the CC2 PUSCH power in all the non-SRS symbols. 
Case4:  2 UL CCs, SRS with PUSCH+SRS, no TA difference
· CC1 is to transmit only SRS in the last symbol 

· CC2 is to transmit PUSCH in all but the last symbol and SRS in the last symbol.

In this case Pcmax,c for CC1 applies to the last symbol.  There are two Pcmax,c values for CC2, one which applies to all symbols but the last one and one which applies to the last symbol.  

Two Pcmax are needed in this case. One applies to the sum of the CC1 and CC2 SRS powers in the SRS symbol.  The other applies to the non-SRS symbols and is equal to Pcmax,c for CC2.
Case5:  2 UL CCs, SRS with PUSCH+SRS with PUSCH, no TA difference
· CC1 is to transmit PUSCH in all symbols but the last symbol and SRS in the last symbol

· CC2 is to transmit PUSCH in all symbols but the last symbol and SRS in the last symbol

In this case both CCs have two Pcmax,c values, one which applies to all symbols but the last one and one which applies to the last symbol.  

Two Pcmax are needed in this case, one which applies to all symbols but the last one and one which applies to the last symbol.  
From the above, we see that for the case of multiple CCs, for each individual CC carrying SRS, the principles of single carrier (from the previous section) can be applied with Pcmax,c replacing Pcmax. 
For Pcmax,, the existing formulas are applicable but additional clarification is needed regarding the separate handling for SRS and non-SRS symbols.  

We believe that adding notes regarding Pcmax,c, Pcmax, and Pumax in subclause 6.2.5A will clarify the above behaviour.
Proposal 5: TP for multi cell no TA difference.
===============================Beginning of changes ================================
6.2.5A
Configured transmitted power for CA
For carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c  on serving cell c and its total configured maximum output power PCMAX. 

The configured maximum output power on serving cell c shall be set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
For intra-band contiguous carrier aggregation:

-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c, P-MPR c) – TC, c }

For inter-band carrier aggregation:

-
PCMAX_L,c = MIN { PEMAX,c – TC,c,  PPowerClass – MAX(MPR c + A-MPR c + TIB,c, P-MPR c) – TC, c }

-
PCMAX_H,c = MIN {PEMAX,c, PPowerClass}

-
PEMAX, c is the value given by IE P-Max for serving cell c in [7].

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1. 
-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5A-3. 

For inter-band carrier aggregation, MPR c and A-MPR c apply per serving cell c and are specified in subclause 6.2.3 and subclause 6.2.4, respectively. For intra-band contiguous carrier aggregation, MPR c = MPR and A-MPR c = A-MPR with MPR and A-MPR specified in subclause 6.2.3A and subclause 6.2.4A respectively. 

-
P-MPR c accounts for power management for serving cell c. For intra-band contiguous carrier aggregation, there is one power management term for the UE, P-MPR, and P-MPR c = P-MPR.

-
TC,c = 1.5 dB when Note 2 in Table 6.2.2-1 applies to the serving cell c. 

-
TC,c = 0 dB when Note 2 in Table 6.2.2-1 does not apply to the serving cell c.
In case of standalone SRS transmission, PCMAX,c applies to the SRS symbol.  In case of SRS transmission combined with shortened PUSCH and/or PUCCH, a separate PCMAX,c applies to the SRS symbol and to the non-SRS symbols.
For inter-band carrier aggregation with one UL serving cell the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H
where 

-
PCMAX_L   = PCMAX_L,c
-
PCMAX_H   = PCMAX_H,c
For intra-band contiguous carrier aggregation, Pcmax,c is calculated under the assumption that the transmit power is increased by the same amount in dB on all component carriers.
For inter-band carrier aggregation, Pcmax,c is calculated under the assumption that the transmit power is increased independently on all component carriers.
The measured maximum output power PUMAX shall be within the following bounds:
PCMAX_L  –  T(PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H  +  T(PCMAX_H)

T(PCMAX) is defined by the table below and applies to PCMAX_L and PCMAX_H separately. 

Table 6.2.5A-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


Note: Mixing PUSCH and/or PUCCH with SRS in a subframe when performing output power conformance testing should be avoided.
For carrier aggregation with two UL serving cells, the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L_CA ≤  PCMAX  ≤  PCMAX_H_CA
For intra-band contiguous carrier aggregation, 
-
PCMAX_L _CA = MIN{10 log10 ∑ pEMAX,c  - TC , PPowerClass – MAX(MPR + A-MPR, P-MPR ) – TC}
-
PCMAX_H_CA  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where 
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7].

-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1.
-
MPR and A-MPR specified in subclause 6.2.3A and subclause 6.2.4A respectively.
-
P-MPR is the power management term for the UE. 
-
TC is the highest value TC,c among all serving cells c in the subframe over both timeslots. TC,c = 1.5 dB when Note 2 in Table 6.2.2A-1 applies to the serving cell c. TC,c = 0 dB when Note 2 in Table 6.2.2A-1 does not apply to the serving cell c. 

For inter-band carrier aggregation with up to one serving cell c per operating band: 
PCMAX_L_CA  = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c) ,

pPowerClass/(pmprc·tC,c) ], PPowerClass}

PCMAX_H_CA  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7].
-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1. pPowerClass is the linear value of PPowerClass.

-
MPR c and A-MPR c apply per serving cell c and are specified in subclause 6.2.3 and subclause 6.2.4, respectively. mpr c is the linear value of MPR c. a-mpr c is the linear value of A-MPR c. 
-
P-MPR c accounts for power management for serving cell c. pmprc is the linear value of P-MPR c. 
-
tC,c = 1.41 when Note 2 in Table 6.2.2-1 applies for a serving cell c
-
tC,c = 1 when Note 2 in Table 6.2.2-1 does not apply for a serving cell c

-
tIB,c  is the linear value of the inter-band relaxation term of the serving cell c TIB,c. tIB,cwhen no inter-band relaxation is allowed.
In case of only SRS transmissions, PCMAX applies to the SRS symbol.  In case of SRS transmission combined with transmission of other channels, a separate PCMAX applies for the SRS symbol and for the non-SRS symbols.  
The measured maximum output power PUMAX over all serving cells shall be within the following range:

PCMAX_L_CA  –  T(PCMAX_L_CA)  ≤  PUMAX  ≤  PCMAX_H_CA  +  T(PCMAX_H_CA) 

PUMAX = 10 log10 ∑ pUMAX,c  
where pUMAX,c  denotes the measured maximum output power for serving cell c expressed in linear scale. 

The tolerance T(PCMAX) is defined by the table below and applies to PCMAX_L_CA and PCMAX_H_CA separately.

Table 6.2.5A-2: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   Intra-band with two active UL serving cells

(dB)
	Tolerance T(PCMAX)   Inter-band with two active UL serving cells

 (dB)

	21 ≤ PCMAX ≤ 23
	2.0
	2.0

	20 ≤ PCMAX < 21
	[2.5]
	TBD

	19 ≤ PCMAX < 20
	[3.5]
	TBD

	18 ≤ PCMAX < 19
	[4.0]
	TBD

	13 ≤ PCMAX < 18
	[5.0]
	TBD

	8 ≤ PCMAX < 13
	[6.0]
	TBD

	-40 ≤ PCMAX < 8
	[7.0]
	TBD


Note: Mixing PUSCH and/or PUCCH with SRS in a subframe when performing output power conformance testing should be avoided.
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.2.5A-3.
Table 6.2.5A-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-5A
	1
	0.3

	
	5
	0.3

	CA_1A-18A
	1
	0.3

	
	18
	0.3

	CA_1A-19A
	1
	0.3

	
	19
	0.3

	CA_1A-21A
	1
	0.3

	
	21
	0.3

	CA_2A-17A
	2
	0.3

	
	17
	0.8

	CA_2A-29A
	2
	0.3

	
	
	

	CA_3A-5A
	3
	0.3

	
	5
	0.3

	CA_3A-7A
	3
	0.5

	
	7
	0.5

	CA_3A-8A
	3
	0.3

	
	8
	0.3

	CA_3A-20A
	3
	0.3

	
	20
	0.3

	CA_4A-5A
	4
	0.3

	
	5
	0.3

	CA_4A-7A
	4
	0.5

	
	7
	0.5

	CA_4A-12A
	4
	0.3

	
	12
	0.8

	CA_4A-13A
	4
	0.3

	
	13
	0.3

	CA_4A-17A
	4
	0.3

	
	17
	0.8

	CA_4A-29A
	4
	0.3

	CA_5A-12A
	5
	0.8

	
	12
	0.4

	CA_5A-17A
	5
	0.8

	
	17
	0.4

	CA_7A-20A
	7
	0.3

	
	20
	0.3

	CA_8A-20A
	8
	0.4

	
	20
	0.4

	CA_11A-18A
	11
	[0.6]

	
	18
	[0.6]


NOTE:
The ΔTIB,c in Table 6.2.5A-3 has been derived for a UE supporting a single interband LTE CA band combination. For a UE supporting additional interband LTE CA band combinations, the ΔTIB,c for all bands supported by the UE, need to be studied.

NOTE:
To meet the (TIB,c requirements for CA_3A-7A with state-of-the-art technology, an increase in power consumption of the UE may be required. It is also expected that as the state-of-the-art technology evolves in the future, this possible power consumption increase can be reduced or eliminated.

=============================End of Changes========================================

If RAN4 agrees to the TPs presented in proposals 4 and 5 then we volunteer to bring the corresponding CRs in the next RAN4 meeting.
3. Conclusion 

Proposal 1: For a given serving cell the UE is responsible for not exceeding Pcmax values which may be different for the symbols in a subframe carrying PUSCH and/or PUCCH and the symbol carrying SRS.

Proposal 2: The current Pcmax formula and parameters are applicable for the SRS symbol transmission and MPR for QPSK applies.
Proposal 3: Mixing PUSCH and/or PUCCH with SRS in a subframe when performing output power conformance testing should be avoided.
Proposal 4: TP for single cell in R11.
Proposal 5: TP for multi cell no TA difference.
If RAN4 agrees to the TPs presented in proposals 4 and 5 then we volunteer to bring the corresponding CRs in the next RAN4 meeting.
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