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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.

The purpose of this contribution is to discuss the handling of Pcmax for SRS in Multiple Timing Advance (MTA) cases.
2. Discussion

2.1. R11 CA with TA difference Analysis
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 based on the assumption that SRS symbol  Pcmax is defined as suggested in our single TA proposal in our single TA contribution  [2].
In our previous contribution presented in RAN4 meeting #66 in [3] , we discussed the generic overlap problem when SRS is transmitted. 
In this contribution we take a more detailed approach, based on the transmission templates from 36.101.

First we need to look at the SRS standalone transmission template in Fig. 1:
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Fig. 1
Observation 1: the transition periods are completely outside the SRS symbol, so the quality of this wave form is entirely preserved.

The SRS transmission template when it is combined with shortened PUSCH/PUCCH and followed by a PUSCH/PUCCH subframe is according to Fig. 2:
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Fig. 2

Observation 2: We can observe that the transition period starts after the SRS symbol and there is a 40us transient period that will affect the following PUSCH/PUCCH subframe. Again SRS symbol quality is preserved.

The transmission template for non SRS subframes is according to Fig. 3:
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Fig. 3
Observation 3: We can see that the ramp down or up in-between normal subframes has 20us guard time.
In order to simplify the discussion we put in the Annex A all the cases that we analyzed and we will discuss here relevant cases that may lead to a clear solution.

Case A: SRS in less advanced CC, one SRS
In this case, the CC with the SRS (CC2) is less advanced than the CC with PUSCH or another channel (refer to it as PUSCH/PUCCH) (CC1).  In this case, the SRS symbol overlaps the start of the PUSCH/PUCCH by a fraction of a symbol.  See figure 4 below.  
We will use the power templates to illustrate the overlap:
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Fig. 4
In the above case the SRS has 2 overlapping regions:

· In region B in overlapping the last symbol of PUSCH/PUCCH in the reference subframe N+1

· In region A the first symbol of PUSCH/PUCCH in the subframe N+2

Given these two regions, two decisions need to be made regarding whether to drop SRS.  Region B is the same overlap that would occur without MTA except shifted in time.  Assuming the last symbol has its own Pcmax, the normal single TA rules should apply for that overlap and SRS would be dropped if that Pcmax were exceeded.

For Region A, SRS combined with the N+2 PUSCH/PUCCH needs to be tested against exceeding max power (Pcmax) to determine whether to drop SRS.  Following the rules defined in TR 36.823, Pcmax would be the Pcmax from one of the adjacent subframes, specifically the one with the lower Pcmax_L_CA.  In this case the Pcmax for the adjacent subframes are the Pcmax for subframe N+2 and the Pcmax for subframe N+1.  For subframe N+1 there are two Pcmax.  The one adjacent to the overlap would be the relevant one, i.e., the Pcmax of the last symbol of  N+1. 
Since there are two decisions, this is a 2-step process where we believe the decision should be made first based on the single TA rules and followed by the overlap rules since the mask changes after SRS is dropped as we will discuss later.

Observation 4: There is a 2 step process for SRS dropping/transmission decision involving Pcmax for the SRS symbol in the reference subframe N+1 and Pcmax for the overlap of SRS in subframe N+1 with another transmission in subframe N+2.

Observation 5: For SRS transmission in N+1 overlap into another transmission in N+2, Pcmax for the adjacent subframes are Pcmax for subframe N+2 and Pcmax for the last symbol of subframe N+1.

Case B: SRS in both CCs, one more advanced than the other
We will use again the power template for visualization:
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Fig. 5
In this case, there are three overlap regions. One where the SRS in CC1 overlaps the PUSCH/PUCCH in CC2, one where the SRSes partially overlap, and one where the SRS in CC2 overlaps the PUSCH/PUCCH in CC1.  
The partially overlapped SRSes can be treated as in the non-MTA case to determine whether to scale the SRSes.
For the other two overlaps, it can be observed that, due to the 40us guard time before the start and after the end of the SRS symbol, with a maximum of 33us, there is some small guard margin so we can say that there is no ON requirement region overlapping. In this case we could potentially ignore the overlaps.  RAN4 has previously stated [4] that Pcmax should not be exceeded even in the transient regions, so we may still want to address this and define Pcmax to ensure proper and uniform UE behavior. 
Observation 6: In certain cases the overlaps fall within transient regions and could potentially be ignored. 
It should be noted that there is another similar case in which one of the SRSes is blanked.  This would be the case in which there is a cell specific SRS subframe requiring shortened PUSCH/PUCCH transmission in the subframe but the UE has no SRS transmission in that subframe.  In this case, a different SRS mask with shorter transient regions is used.  See fig. 6.
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Fig. 6
In this case, there is no overlap in N+2 due to the blanking, but an overlap occurs between the CC2 N+1 PUSCH/PUCCH and the CC1 N+1 SRS.  Due to the change in the mask since blanking, the ON times now overlap by 13us.  
This overlap can be viewed as an overlap of adjacent symbols where each (without considering overlap) has its own Pcmax similar to the overlap of adjacent subframes where each (without considering overlap) has its own Pcmax. The Pcmax for the adjacent symbols are the Pcmax for the SRS symbol and the Pcmax for the non-SRS symbols in the subframe.
Observation 7: In certain cases the overlap region involves adjacent symbols in the same subframe.
Observation 8: The Pcmax for the adjacent symbols are the Pcmax for the SRS symbol and the Pcmax for the non-SRS symbols in the subframe.

Case C: SRS in the more advanced CC.

We will use the power templates to illustrate the overlap:
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Fig. 7

In this case, there are two overlap regions. One region is where the SRS in CC1 overlaps the PUSCH/PUCCH in CC2.  This is the same as the non-MTA overlap only shifted in time.  Whether to drop the SRS can be treated as in the non-MTA case.  The other region is the one where the CC1 PUSCH/PUCCH in N+2 overlaps the CC2 PUSCH/PUCCH in N+1.  

In this case, again, due to the 40us guard time after the end of the SRS symbol, with a maximum of 33us, there is some small guard margin so we can say that there is no ON requirement region overlapping. 
However if the SRS is not transmitted or is dropped after checking against the Pcmax in the last symbol, then the transmission template for CC1 changes and the subframe N+2 On requirement will start 20us earlier and a normal overlap will occur (that we know how to treat based on the solution in TR 36.823) as in the figure 8 below.
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Fig. 8

Case D: SRS standalone in the less advanced CC.

When the SRS is transmitted as a standalone in one carrier simultaneously with a PUSCH/PUCCH on the other carrier and the SRS is on the less advanced carrier, we have the following template:
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In this case, SRS transmission decision can be treated as in the Case A.
2.2. R11 CA with TA difference Recommendations

Based on the analysis, it is clear that overlap with SRS needs to be addressed.
Some of the overlaps are shifted versions of the non-MTA overlaps and are handled using the non-MTA rules without additional specification.

The overlaps to be addressed and the recommended solutions are as follows.
1. SRS in subframe N+1 on one CC overlapping start of PUSCH/PUCCH transmission in subframe N+2 on another CC.   In this case, the agreement from TR 36.823can be followed where the adjacent subframe Pcmax are the Pcmax in subframe N+2 and the Pcmax in the last symbol of subframe N+1.
2. SRS in subframe N+1 on one CC overlapping PUSCH/PUCCH on another CC in the same subframe in the next to last symbol.  In this case the agreement from TR 36.823 for adjacent subframes can be applied to adjacent symbols.  The Pcmax for the adjacent symbols are the Pcmax for the SRS symbol and the Pcmax for the non-SRS symbols.
We also recommend that it be specified that the UE determine whether to drop or scale SRS based on the no TA difference rules before applying the MTA rules (i.e., determining whether to drop SRS based on exceeding Pcmax in an overlap region resulting from MTA).  This ensures the correct masks are used when determining the overlaps and ensures uniform UE behavior. 
We propose to add the SRS case as an addition to the normal case (without SRS symbols) that was agreed in TR36.823v1.1.0 from [2] as follows.  We include the proposed single TA changes in this proposal for completeness in the solution.
Proposal 1: Agree on the text proposal. [Built on top of agreed text in TR36.823 v1.1.0 shown in yellow highlight in TP].
--- Start 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 aggregateion, 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.  
For inter-band carrier aggregation with two uplink serving cells assigned to different timing advance groups (TAGs) and there is an overlap in the UL timing of adjacent subframes of active serving cells in the different TAGs, PPowerClass shall not be exceeded by the UE during any period of time and PCMAX,c  and PCMAX  for the overlap time shall be determined by the UE as follows:
· PCMAX,c  for serving cell c in each subframe shall be set by the UE as if the overlap did not exist and shall be applicable to the entire subframe including the overlap time.  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
· PCMAX for the overlap time shall be set by the UE within the bounds allowed for PCMAX of one of the adjacent subframes, specifically the one with the lower allowed PCMAX_L_CA.   
· In case of overlap with SRS symbol, PCMAX for the adjacent subframe prior to the overlap shall be the PCMAX for the last symbol of the subframe.
· In case of overlap in UL timing within a subframe of SRS on one serving cell and another transmission on the other serving cell, determination of PCMAX,c and PCMAX shall be as for adjacent subframe overlap, above, where PCMAX for the adjacent subframes are replaced by  PCMAX 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_3A_5A
	3
	0.3

	
	5
	0.3

	CA_3A-7A
	3
	0.5

	
	7
	0.5

	CA_3A-20A
	3
	0.3

	
	20
	0.3

	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_7A-20A
	7
	0.3

	
	20
	0.3


Note:
The ΔTIB,c above have 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 ---
Proposal 2: Include in LS back to RAN1 recommendation to specify that the UE determines whether to drop or scale SRS based on the no TA difference rules before applying the MTA rules. 
3. Conclusion 

Proposal 1: Agree on the text proposal.
Proposal 2: Include in LS back to RAN1 recommendation to specify that the UE determines whether to drop or scale SRS based on the no TA difference rules before applying the MTA rules. 

If the group agrees with the TP we volunteer to write the CR for Rel-11 and Rel-12.

Another option would be to capture the TP in the TR for inter-band CA with 2 ULs until the 36.101 specification for Rel-12 will be available and then a Rel-11 CR can be written as well simultaneously.
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Appendix A: Power Mask Combinations with SRS and MTA
This appendix provides a detailed analysis of the transmission combinations taking into account the different power mask templates for single carrier transmissions to observe and better understand the overlap regions when there is an SRS symbol or transmission.

The individual power mask templates considered are the power templates for normal power for PUSCH and/or PUCCH (call it PUSCH/PUCCH) when there is no SRS transmission, SRS only transmission with and without a following PUSCH/PUCCH, transmission of shortened PUSCH/PUCCH with SRS, and transmission of shortened PUSCH/PUCCH with SRS blanking. The templates are from 36.101 and are included here for reference.
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Figure A-1: Normal transmission power template (PUSCH/PUCCH followed by PUSCH/PUCCH).

[image: image17.emf]requirement

20µs 20µs

Transient period

Transient period



End of OFF

power requirement

SRS 

SRS ON power 

requirement

Start of OFF power 


Figure A-2: Transmission power template for standalone SRS.
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Figure A-3: Transmission power template for SRS followed by PUSCH/PUCCH.
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Figure A-4: Transmission power template for PUSCH/PUCCH with SRS followed by PUSCH/PUCCH.
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Figure A-5: Transmission power template for PUSCH/PUCCH with SRS blanking followed by PUSCH/PUCCH.
Individual cases using combinations of these power templates are presented in the following pages with observations regarding overlaps and their handling.

CASE 1: Standalone SRS transmission on CC2 combined with normal transmission in N+1 (reference subframe) followed by a transmission of PUSCH/PUCCH in N+2 on CC1.
In this case, CC1 has normal power observation sequence mask when no SRS is present in subframe N+1 followed by the same in N+2.  CC2 is a standalone SRS transmission in subframe N+1.  The masks from figures A-1 (normal) and A-2 (SRS only) are used.

Case 1.1: CC2 is more advanced than CC1 by 33us.   

        CC1
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CC2
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Observation: In this case, only N+1 (the reference subframe) should be considered since CC2 has no transmission in N+2.  The overlap is between the CC2 SRS and the CC1 PUSCH/PUCCH which is no different from the transmission without MTA except for the shift in time.  The normal (non-MTA) Pcmax rules are sufficient in this case.

Case 1.2 CC1 is more advanced than CC2 by 33us.






         33us


 CC1                                                                                      |         |

[image: image23.emf]20µs 20µs 20µs 20µs 20µs 20µs

Transient period Transient period Transient period

Start of N

+1

 power 

requirement

End of N

+1

 power 

requirement

N

+1

 Sub-frame 

Slot

i 

Slot

i+1 

N

0

 Sub-frame N

+2

 Sub-frame


            CC2

           [image: image24.emf]requirement

20µs 20µs

Transient period

Transient period



End of OFF

power requirement

SRS 

SRS ON power 

requirement

Start of OFF power 


Observation: In this case, the CC2 SRS overlap with the CC1 PUSCH/PUCCH in N+1 is the same as for transmission without MTA except shifted in time. The normal (non-MTA) Pcmax rules are sufficient for N+1.  In N+2, there is an overlap between the CC2 SRS and the CC1 PUSCH/PUCCH.  For this overlap, the Pcmax for each of the adjacent subframes for the overlap are the Pcmax for N+2 and the Pcmax for the last symbol of N+1. 

CASE 2: Standalone SRS transmission on CC2 combined with PUSCH/PUCCH with SRS in N+1 (reference subframe) followed by a transmission of PUSCH/PUCCH in N+2 on CC1.

In this case, CC1 has the power observation sequence mask when SRS is present in the reference subframe N+1  followed by a transmission in N+2. CC2 is a standalone SRS transmission in subframe N+1. The masks from figures A-4 (PUSCH/PUCCH with SRS) and A-2 (SRS only) are used. 
Case 2.1 CC2 is more advanced that CC1 by 33us.
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Observation: In this case, the only overlap is in N+1.  The CC2 SRS overlaps the CC1 PUSCH/PUCCH; however the overlap with SRS is in the transient region of the PUSCH/PUCCH transmissions.  Since the PUSCH/PUCCH is ramping down while SRS is ramping up, there should be no problem.  

If, however, a decision would need to be made for this overlap, the Pcmax for the overlap could be based on the Pcmax with the lower Pcmax_L_CA between the Pcmax for N+1 for the non-SRS symbols and the Pcmax for the last symbol of N+1. 

Case 2.2 CC1 is more advanced than CC2 by 33us.
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Observation: In this case the CC2 SRS overlap with the CC1 SRS in N+1 is the same as for transmission without MTA except shifted in time. The normal (non-MTA) Pcmax rules are sufficient for N+1.  For N+2 the ON power requirement for the CC1 PUSCH/PUCCH is delayed due to the SRS on CC1.  This results in the CC2 SRS ON power overlapping the transient region of CC1 and 13us of the SRS transient region overlapping the PUSCH/PUCCH ON region of CC1. For this overlap, the Pcmax for each of the adjacent subframes for the overlap are the Pcmax for N+2 and the Pcmax for the last symbol of N+1. 

CASE 3: Standalone SRS transmission followed by PUSCH/PUCCH on CC2 combined with the normal power template sequence mask when no SRS is present in the reference subframe N+1 on CC1.

In this case, CC1 has normal power observation sequence mask when no SRS is present in subframe N+1 followed by the same in N+2.  CC2 has an SRS transmission in subframe N+1 followed by a PUSCH/PUCCH transmission in N+2. The masks from figures A-1 (normal) and A-3 (SRS followed by PUSCH/PUCCH) are used. 
Case 3.1 CC1 is more advanced than CC2 by 33us
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Observation: In this case, the CC2 SRS overlap with the CC1 PUSCH/PUCCH in N+1 is the same as for transmission without MTA except shifted in time. The normal (non-MTA) Pcmax rules are sufficient for N+1.  For N+2, the CC2 SRS overlaps the CC1 PUSCH/PUCCH and does so for 13us past the transient region.  For this overlap, the Pcmax for each of the adjacent subframes for the overlap are the Pcmax for N+2 and the Pcmax for the last symbol of N+1. 

Case 3.2 CC2 is more advanced than CC1 by 33us.
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Observation: In this case, there is no overlap in N+2 of CC1.  The CC2 SRS overlap with the CC1 PUSCH/PUCCH in N+1 is the same as for transmission without MTA except shifted in time. The normal (non-MTA) Pcmax rules are sufficient.  There is an overlap between the CC1 PUSCH/PUCCH and the CC2 PUSCH/PUCCH; however it occurs in the transition region of CC2 while SRS is ramping down so this may not be a problem. For this overlap, if needed, the Pcmax for each of the adjacent subframes for the overlap are the Pcmax for N+2 and the Pcmax for the last symbol of N+1. 

Case 4: Normal power template for CC1 (no SRS symbol present) and power template with SRS symbol in the reference subframe on CC2.

In this case, CC1 has normal power observation sequence mask when no SRS is present in subframe N+1 followed by the same in N+2.  CC1 has the power observation sequence mask when SRS is present in the reference subframe N+1 followed by a transmission in N+2.  

Two variants are addressed: 

· Variant A in which the UE is not power limited and SRS would be transmitted if there were no overlap to consider.  The masks from figures A-1 (normal) and A-4 (PUSCH/PUCCH with SRS) are used for this variant. 
· Variant B in which the UE is power limited and SRS is dropped before considering any overlap.  The masks from figures A-1 (normal) and A-5 (PUSCH/PUCCH with SRS blanking) are used for this variant.  Note that this is the same template used in a cell specific SRS subframe in which the UE does not have an SRS transmission. 
4.1 CC2 is more advanced than CC1 by 33us, Variant A (non-power limited; SRS present).
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|
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Observation:  Overlap of CC1 PUSCH/PUCCH in N+1 and CC2 PUSCH/PUCCH in N+1 are the same as for transmission without MTA and is handled the normal way.  The CC2 SRS overlap with the CC1 PUSCH/PUCCH in N+1 is the same as for transmission without MTA except shifted in time. The normal (non-MTA) Pcmax rules are sufficient.  The only overlap to be considered is between the N+1 CC1 PUSCH/PUCCH and the N+2 CC2 PUSCH/PUCCH; however it occurs in the transition region of CC2 while SRS is ramping down so this may not be a problem. For this overlap, if needed, the Pcmax for each of the adjacent subframes for the overlap are the Pcmax for N+2 and the Pcmax for the last symbol of N+1.

4.2 CC1 is more advanced than CC2 by 33us, Variant A (non-power limited; SRS present).
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Observation: The overlaps are the same as for case 3.1.  The CC2 SRS overlap with the CC1 PUSCH/PUCCH in N+1 is the same as for transmission without MTA except shifted in time. The normal (non-MTA) Pcmax rules are sufficient.  For CC1 N+2, the CC2 SRS overlaps the CC1 PUSCH/PUCCH and does so for 13us past the transient region.  For this overlap, the Pcmax for each of the adjacent subframes for the overlap are the Pcmax for N+2 and the Pcmax for the last symbol of N+1. 

4.3 CC1 is more advanced than CC2 by 33us, Variant B (SRS blanking).
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Observation: In this case, there is no further action for MTA since blanked SRS is in OFF requirement.  There is no MTA overlap.

4.4 CC2 is more advanced than CC1 by 33us, Variant B (SRS blanking).
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Observation: In this case, overlap with blanking is a non-issue. The overlap to address is between the CC1 PUSCH/PUCCH in N+1 and the CC2 PUSCH/PUCCH in N+2.  The overlap is beyond the transient region. For this overlap, the Pcmax for each of the adjacent subframes for the overlap are the Pcmax for N+2 and the Pcmax for the last symbol of N+1.  In this case Pcmax for the last symbol of N+1 would be the same as for the other symbols of N+1 since it is our understanding that in case of SRS blanking, there is would be no separate Pcmax for the SRS symbol; Pcmax for the last symbol would be considered to be the same as for the non-SRS symbols. 

Case 5: Both CC1 and CC2 have N+1 reference subframe containing SRS and PUSCH/PUCCH transmissions followed by a transmission of PUSCH/PUCCH in N+2.

In this case, both CCs have the power observation sequence mask when SRS is present in the reference subframe N+1 followed by a transmission in N+2.  For the power limited case considered prior to addressing overlaps, SRS would be scaled, not dropped so the masks would not change.  The mask from figure A-4 (PUSCH/PUCCH with SRS) is used.

5.1 One CC is more advanced than the other by 33us.
Since both CCs have the same mask template, it does not matter which is more advanced for the analysis; we show CC1 as more advanced.
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Observation: In this case, CC2 SRS overlaps with CC1 PUSCH/PUSCH in N+2. Overlap is within the transient region on CC1 so it may be no issue.  If needed, for this overlap, the Pcmax for each of the adjacent subframes for the overlap are the Pcmax for N+2 and the Pcmax for the last symbol of N+1.  An overlap occurs between the CC2 N+1 PUSCH/PUCCH and the CC1 N+1 SRS.  Guard time between ON times is 7us which may be sufficient.

If needed, Pcmax for this overlap is not related to adjacent subframes, but same subframe with different Pcmax for different symbols.  Overlap of adjacent symbols in same subframe where one of the symbols is SRS symbol can use the same rules as for adjacent subframes: 

Pcmax for the overlap could be based on the Pcmax with the lower Pcmax_L_CA between the Pcmax for N+1 for the non-SRS symbols and the Pcmax for the last symbol of N+1. i.e., one of the Pcmax values of the adjacent symbols, namely the one with the lower Pcmax_L_CA.
Case 6: Both CC1 and CC2 have N+1 reference subframe containing SRS and PUSCH/PUCCH transmissions followed by a transmission of PUSCH/PUCCH in N+2 where one or both SRS are blanked.

In this case, we use the power observation sequence mask when SRS is present in the reference subframe N+1 followed by a transmission in N+2 with and without SRS blanking.  The mask from figures A-4 (PUSCH/PUCCH with SRS) and A-5 (SRS blanking are used)

We note that the scenario for SRS blanking in a non-power limited case could be one in which the subframe is a cell-specific SRS subframe in which the UE is not transmitting SRS.

6.1 CC with SRS (CC1) is more advanced than CC with blanked SRS (CC2) by 33us.
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Observation: In this case, there is no overlap in N+2 due to the blanking.  An overlap occurs between the CC2 N+1 PUSCH/PUCCH and the CC1 N+1 SRS.  Due to the change in the mask since blanking, the ON times now overlap by 13us.   Pcmax for the overlap in N+1 can be as described in 5.1 using Pcmax for adjacent symbols.
6.2 CC with blanked SRS (CC2) is more advanced than CC with SRS (CC1) by 33us.
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Observation: Due to the blanking, the only overlap to be considered is the overlap between the CC1 SRS in N+1 and the CC2 PUSCH/PUCCH in N+2.  For this overlap, the Pcmax for each of the adjacent subframes for the overlap are the Pcmax for N+2 and the Pcmax for the last symbol of N+1.  In this case, the Pcmax for the last symbol of N+1 would be considered to be Pcmax,c the for CC1 SRS symbol.
6.3 Both CCs with blanked SRS where one is more advanced than the other by 33us.
Since both CCs have the same mask template, it does not matter which is more advanced for the analysis; we show CC1 as more advanced.
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Observation: Due to the blanking, there is no overlap issue.

