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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 single TA and MTA cases.

2. Discussion

2.1. Single Serving Cell

First we consider the case of a single serving cell as in R8 or when there is no CA.
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
Observation 1: 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.
If allowed by the eNB (as determined by higher layer configuration), a UE may, on a given serving cell, transmit SRS in the same subframe as PUSCH and/or PUCCH.  In this case, a shortened format is used for the PUSCH and/or PUCCH such that only SRS is transmitted in the last symbol.

In this case, it seems that there are two Pcmax values that should be determined by the UE, one for the symbols carrying PUSCH/PUCCH and one for the last symbol which carries SRS, and the UE is not to exceed either Pcmax in the corresponding symbol(s).  This seems to be necessary especially in the case in which a lower Pcmax may be needed for the SRS symbol.
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.

Proposal 1: RAN4 to confirm that 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.
2.2. R10 CA
For the case of R10 CA, the UE is not permitted to transmit SRS on one CC simultaneously with an SRS or any other channel in the last symbol of another CC.  It therefore follows that in a subframe in which a UE will transmit on multiple CCs and one will include SRS, the UE will not be transmitting anything in the last symbol of the other CC(s).

Similar to single serving cell, for the CC that will transmit SRS, there would be one Pcmax,c for the SRS symbol if the SRS is the only signal transmitted on the CC or two Pcmax,c values if both PUSCH/PUCCH and SRS are transmitted on that CC, one for the symbols carrying PUSCH/PUCCH and one for the last symbol which carries SRS.  
For the CC(s) not transmitting SRS, there would be one Pcmax,c value for the entire subframe; however, since these CC(s) would have no transmission in the last symbol, Pcmax,c is really only for the symbols other than the last one.
For the combined transmission, there would be 2 Pcmax values, one for the non-SRS carrying symbols and one for the SRS symbol.  Pcmax for the non-SRS carrying symbols would be determined in the usual way for CA.  Pcmax for the SRS symbol would be equal to Pcmax,c for the SRS symbol of the CC carrying SRS (since that SRS is the only transmission in that symbol).

There are no issues seen for this scenario.
2.3. R11 CA

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 are 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. 

For simplicity, we only discuss the last symbol transmitting SRS+SRS and SRS+PUSCH.  The same principles would apply if PUSCH is replaced by PUCCH, PUSCH+PUCCH, or PRACH.  We also only address a CC carrying SRS with shortened PUSCH.  The same principles would apply for shortened PUCCH or PUSCH/PUCCH.
Also, for simplicity, we look at the cases in terms of whether there is a TA difference between the CCs, not the association of the CCs with TAGs, and assume it is a situation (channels in the same and/or different TAG) in which the combination of channels is permitted.
2.3.1 R11 CA with No TA difference

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.  

There would be one Pcmax_CA value and it would be for the SRS symbol.   Pcmax_CA would be determined in the usual way based on the parameters of the allocations in the two CCs (i.e., the SRS allocation in CC1 and the SRS allocation in CC2). 

If Pcmax_CA for the last symbol would be exceeded by the sum of the transmission powers for the two SRSes, the SRSes would be scaled prior to transmission to not exceed Pcmax_CA.
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, but may be treated as if it applies to the entire subframe.
To first determine if SRS should be dropped, the UE would determine Pcmax_CA for the combination of SRS and PUSCH.  Pcmax_CA would be determined in the usual way based on the parameters of the allocations in the two CCs (i.e., the PUSCH allocation in CC1 and the SRS allocation in CC2).  
If the sum of the PUSCH and SRS powers would exceed this Pcmax_CA, the SRS would be dropped and then power control and scaling would be performed as if the SRS had not been scheduled.

If the sum of the PUSCH and SRS powers would not exceed this Pcmax_CA, the PUSCH and SRS may be transmitted simultaneously.

Only one Pcmax_CA is needed in this case.

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_CA are needed in this case.

To first determine if SRS should be dropped, the UE would determine Pcmax_CA for the combination of PUSCH on CC1 and SRS on CC2 in the last symbol.  Pcmax_CA for the SRS symbol would be determined in the usual way based on the parameters of the allocations in the two CCs (i.e., the PUSCH allocation in CC1 and the SRS allocation in CC2).  
If the sum of the CC1 PUSCH and CC2 SRS powers would exceed this first Pcmax_CA, the SRS would be dropped and then power control and scaling would be performed for the PUSCHs on CC1 and CC2 as if the SRS had not been scheduled based on a second Pcmax_CA corresponding to the combination of the two PUSCHs.

If the sum of the PUSCH and SRS powers would not exceed this first Pcmax_CA, the PUSCH and SRS may be transmitted simultaneously.  A second Pcmax_CA would still be needed for the combination of the two PUSCHs in the non-SRS symbols.

In both cases, the second Pcmax_CA would be determined in the usual way based on the parameters of the non-SRS allocations in the two CCs (i.e., the PUSCH allocation in CC1 and the PUSCH allocation in CC2).  
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_CA are needed in this case.

Pcmax_CA for the non-SRS symbols would equal Pcmax,c for CC2.  Pcmax_CA for the SRS symbol would be determined in the usual way based on the parameters of the allocations in the two CCs (i.e., the SRS allocation in CC1 and the SRS allocation in CC2).  
If Pcmax_CA for the SRS symbol would be exceeded by the transmission of the two SRSes, the SRSes would be scaled to not exceed that Pcmax_CA

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_CA are needed in this case.

Pcmax_CA for the non-SRS symbols would be determined in the usual way based on the parameters of the allocations in the two CCs (i.e., the PUSCH allocation in CC1 and the PUSCH allocation in CC2).  Pcmax_CA for the SRS symbol would be determined in the usual way based on the parameters of the allocations in the two CCs (i.e., the SRS allocation in CC1 and the SRS allocation in CC2).  

If Pcmax_CA for the SRS symbol would be exceeded by the transmission of the two SRSes, the SRSes would be scaled to not exceed that Pcmax_CA

Proposal 2: RAN4 to discuss and agree on the determination of Pcmax,c and Pcmax_CA in the case of CA with no TA difference and how to capture the agreement in the specification.
2.3.2 R11 CA with TA difference

There are three basic cases to address when there is SRS and there is TA difference. The first case is when the CC carrying SRS is the less advanced CC, the second is when it is the more advanced CC, and the third is when both CCs are carrying SRS.
This section provides a description of these cases to provide a starting point for discussion on how to handle them.
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 in non-SRS symbols (CC1).  In this case, the SRS symbol overlaps the start of the PUSCH by a fraction of a symbol.  This overlap is referred to as Overlap A. See figure below.  
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Let’s consider a worst case scenario.  CC1 and CC2 are both transmitting PUSCH in subframes n and n+1.  In subframe n, we now find that the last symbol of the PUSCH on CC1 is no longer fully overlapped with SRS, and in subframe n+1 the first symbol of the PUSCH on CC1 is partially overlapped with the SRS from subframe n.  Overlap B is used to represent the part of the last symbol in subframe n in which the CC1 PUSCH and CC2 SRS overlap.  
Given Overlap A and Overlap B, one option may be to determine Pcmax_CA values for both those regions to decide whether to drop SRS, or perhaps one combined overlap region with one Pcmax_CA may be defined.

One option may be to consider the transient regions of the SRS relative to the maximum TA difference (33 us) and determine how those, possibly combined with a shorter SRS, may remove some complexity.

Case B: SRS in more advanced CC, one SRS
In this case, the CC with the SRS (CC1) is more advanced than a CC with PUSCH or another channel in non-SRS symbols (CC2).   See figure below.
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Again, let’s consider the case where CC1 and CC2 are both transmitting PUSCH in subframes n and n+1.  In subframe n, we now find that the SRS on CC1 overlaps part of both the last symbol and the next to last symbol of CC2.  In subframe n+1, the CC2 PUSCH channel overlaps the CC1 PUSCH channel.

We again have two overlap regions that need to be addressed.
Case C: SRS in both CCs
In this case, both CC1 and CC2 carry SRS.  See figure below
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Again, let’s consider the case where CC1 and CC2 are both transmitting PUSCH in subframes n and n+1.  In subframe n, we now find that the SRS on CC1 overlaps part of both the last symbol and the next to last symbol of CC2 and in this case there is SRS in the part of the last symbol that is overlapped.  In subframe n+1, the CC2 SRS partially overlaps the CC1 PUSCH channel.

We again have two overlap regions that need to be addressed.

Proposal 3: RAN4 to discuss the scenarios and decide a way forward for simultaneous SRS and other channels in the case of multiple TA.

3. Conclusion 

Observation 1: Pcmax and the allowed power reductions are independent of the type of UL transmission (i.e. PUSCH and/or PUCCH, SRS, RACH)
Proposal 1: RAN4 to confirm that 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: RAN4 to discuss and agree on the determination of Pcmax,c and Pcmax_CA in the case of CA with no TA difference and how to capture the agreement in the specification.
Proposal 3: RAN4 to discuss the scenarios and decide a way forward for simultaneous SRS and other channels in the case of multiple TA.
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