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1 Introduction
SRS in Rel-8 and in Rel-10

The basic operation for the sounding reference signal (SRS) transmission in Rel-8 is summarized below:
· SRS is transmitted on the last SC-FDM symbol in a UE-specifically configured subframe.
· A UE is configured to periodically transmit SRS by RRC signaling.
· Power in SRS SC-FDM symbols can be larger than the power in PUSCH SC-FDM symbols.

· A UE would do rate matching avoiding the SRS SC-FDM symbol in a subframe if

(a) the UE is configured to transmit SRS in the subframe, or
(b) the UE’s PRB assignment overlaps with the cell-specific SRS subframe and BW configuration. 

In Rel-10, aperiodic SRS is introduced by PDCCH triggering. When receiving the PDCCH triggering aperiodic SRS, the UE transmits SRS a few subframes later. The aperiodic SRS may be transmitted only once (single-shot) or it may be transmitted in multiple instances over multiple subframes (multi-shot SRS which is FFS).

Power control in Rel-10 [1]
The power control formula for PUCCH in subframe i is expressed as 
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 is the carrier-specific maximum transmit power for UL cell c.
The power control formula for PUSCH on UL cell c in subframe i is expressed as:
· If PUCCH is present on the CC

[image: image3.wmf])}

(

)

(

)

(

))

(

(

log

10

),

(

min{

)

(

,

,

_

,

10

,

,

i

f

i

PL

j

P

i

M

i

P

P

i

P

c

c

TF

c

c

PUSCH

O

c

PUSCH

PUCCH

c

CMAX

c

PUSCH

+

D

+

×

+

+

-

=

a

.
· If PUCCH is not present on the CC
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If the total transmit power of the UE exceeds 
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 is satisfied where 
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. In case there is no PUCCH transmission in subframe i,
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If the UE has PUSCH transmission with UCI on cell j and PUSCH without UCI in the remaining cells, and the total transmit power of the UE exceeds 
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 is satisfied where 
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 is the PUSCH transmit power for the cell with UCI and
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Note under certain conditions 
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The priority order captured in the CR 36.213 [1] is as follows:
· PUCCH > PUSCH with UCI > PUSCH without UCI.
2 Multiplexing SRS and PUSCH/PUCCH with CA 

[image: image24.wmf]UL CC

1

UL CC

2

PUSCH

SRS

SC

-

FDM symbols

SC

-

FDM symbols

Power 

overflow


Figure 1: An SRS transmission scenario with carrier aggregation.
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Figure 2: Another SRS transmission scenario with carrier aggregation.
Figure 1 and Figure 2 show SRS transmission scenarios in a UE configured with two UL CCs (or two cells), UL CC1 and UL CC2. In one scenario shown on the left hand side of Figure 1, the UE is scheduled to transmit PUSCHs on both UL CCs in a subframe and SRS is scheduled on UL CC1. As a UE may transmit SRS with higher power than data/DMRS, power overflow may occur on the SRS SC-FDM symbol even if there is no power overflow on non-SRS SC-FDM symbols. Power overflow means that the sum total power of SRS and data is greater than the UE’s total maximum transmission power PCMAX. For example, using the previous power control equations, the power overflow condition is 
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In the scenario shown on the right hand side of Figure 1, a UE is scheduled to transmit PUSCH on UL CC2 in a subframe, and at the same time, SRS is scheduled on UL CC1. Finally, in another example shown in Figure 2, a UE is scheduled to transmit SRS on both UL CCs in a subframe. In all these examples, power overflow may occur on the SRS SC-FDM symbol even if there is no power overflow on non-SRS SC-FDM symbols.
Alternatives for the UE behavior with respect to performing power control on the last SC-FDM symbol when SRS, and/or PUCCH, and/or PUSCH are scheduled in a same subframe for a UE include: 

· Alternative 1: SRS is treated as PUSCH for the power scaling in the SRS SC-FDM symbol: 

· If the total transmit power in the SRS SC-FDM symbol exceeds the UE max transmit power 
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where wc is a scaling factor for PUSCH on UL cell c. 
· Cons: This alternative is not desirable because the eNodeB cannot figure out the SRS power and hence cannot properly estimate the UL channels.

· Alternative 2: SRS is prioritized over PUSCH in the SRS SC-FDM symbol (PUCCH maintains highest priority)
· For the SRS SC-FDM symbol (i.e., the last SC-FDM symbol in a UL subframe), full PUCCH transmission power is firstly reserved and then full SRS powers are sequentially reserved for transmission according to an ordered list of UL cells with scheduled SRS in subframe i, until PCMAX is reached. If there is any remaining power after allocating all the SRS power, then that data power in the last sub-frame symbol is allocated with appropriate power scaling. In this case, the power of data in the last PUSCH symbol is assigned so that
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where {c(m)} is the UL cell IDs’ where SRS is scheduled. For all the other SC-FDM symbols where no SRS transmission is scheduled, Rel-10 agreement of power scaling applies. 
· Here, aperiodic SRS should be prioritized over periodic SRS. 
· Among periodic SRS, a priority order can be set, e.g., by UL CC id numbers.

· Pros: This alternative more frequently guarantees the SRS transmission power as scheduled, when SRS is to be transmitted.
· Cons: 

· eNodeB may not be able to figure out power scaling of PUSCH on the last SC-FDM symbol, which could result in degraded demodulation performance. 

· eNodeB needs to rely on blind decoding (e.g., energy detection) to figure out how many SRS are transmitted in a subframe. 
· Alternative 3: Each PUSCH is transmitted with rate matching around the SRS SC-FDM symbol, i.e., the last SC-FDM symbol is dropped from each PUSCH. Multiple SRS can be transmitted with full power according to a predefined priority (PUCCH maintains highest priority)
· Pros: This alternative more frequently guarantees the SRS transmission power as scheduled, when SRS is to be transmitted. 

· Cons: 

· As one whole SC-FDM symbol for each PUSCH is dropped, throughput would decrease a bit.

· eNodeB needs to rely on blind detection (e.g., energy detection) to figure out how many SRS are transmitted. 
· Alternative 4: Each PUSCH is transmitted with rate matching around the SRS SC-FDM symbol, i.e., the last SC-FDM symbol is dropped from each PUSCH. At most one SRS can be transmitted with full power according to a predefined priority (PUCCH maintains highest priority)
· Pros: 

· This alternative more frequently guarantees the SRS transmission power as scheduled, when SRS is to be transmitted. 

· As at most one SRS can be transmitted, eNodeB only needs to detect whether a most prioritized SRS is transmitted or not. 

· Cons: As one whole SC-FDM symbol for each PUSCH is dropped, throughput would decrease a bit.

3 Conclusion
In this contribution, we considered four alternatives of UE behaviours when SRS, PUSCH and/or PUCCH are scheduled in separate UL cells but in the same subframe, and discussed pros and cons of the alternatives.
· Alternative 1: SRS is treated as PUSCH for the power scaling in the SRS SC-FDM symbol.
· Alternative 2: SRS is prioritized over PUSCH in the SRS SC-FDM symbol (PUCCH maintains highest priority)
· Alternative 3: Each PUSCH is transmitted with rate matching around the SRS SC-FDM symbol, i.e., the last SC-FDM symbol is dropped from each PUSCH. Multiple SRS can be transmitted with full power according to a predefined priority (PUCCH maintains highest priority)
· Alternative 4: Each PUSCH is transmitted with rate matching around the SRS SC-FDM symbol, i.e., the last SC-FDM symbol is dropped from each PUSCH. At most one SRS can be transmitted with full power according to a predefined priority (PUCCH maintains highest priority)
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