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1 Introduction

This contribution considers (periodic and aperiodic) SRS power control aspects in the context of carrier aggregation or transmission from multiple UE antennas. 
2 SRS Power Control Aspects
In Rel.8, the SRS PSD is determined from the PUSCH PSD by applying an offset, 
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. This allows for simple link adaptation as the eNodeB can directly derive the PUSCH SINR from the SRS SINR while 
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 allows for controlling the SRS interference and the reliability of SRS-based estimates despite applying fractional PC to the SRS transmission power. The Rel.8 formulation for the SRS transmission power can extended in a straightforward manner to the case of Carrier Aggregation (CA) and, for sub-frame i and serving cell 
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, it is defined by [1]
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where 

· 
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is the serving cell specific configured UE transmitted power.

· 
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 is a 4-bit parameter semi-statically configured by higher layers for serving cell 
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 with 1 dB step size in [-3, 12] dB for 
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 and with 1.5 dB step size in [-10.5,12] dB for 
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 is the SRS transmission bandwidth expressed in PRBs (assumed to be predetermined and not depend on the particular transmission sub-frame even for the aperiodic SRS).

· 
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 is the current PUSCH power control adjustment state for serving cell 
[image: image12.wmf]c

.

· 
[image: image13.wmf])

(

c

O_PUSCH,

j

P

 and 
[image: image14.wmf])

(

j

c

a

 are serving cell specific parameters provided by higher layers where 
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A first aspect to consider is whether the support of simultaneous PUSCH and PUCCH transmissions extends to the support of simultaneous (in the last symbol of the same sub-frame) SRS and PUCCH transmissions. This seems natural as SRS can be viewed as part of the PUSCH. Then, the TPC formula for the SRS transmission from a single UE antenna can be defined in the same manner as the one for the PUSCH and given as
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 is the PUCCH transmission power if the UE is configured simultaneous SRS and PUCCH transmission and it has PUCCH transmission in sub-frame i and the SRS transmission is in the primary cell; otherwise, 
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However, a problem with supporting simultaneous PUCCH and SRS transmissions arises when the nominal SRS transmission power 
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, including the MPR of the SRS transmission (assuming PUCCH has higher priority than SRS). Then, as the SRS power is reduced and the eNodeB cannot be assumed to be aware of the power limitation or of the exact MPR, it will obtain an incorrect SINR estimate over the SRS transmission BW which can then affect subsequent scheduling decisions and be detrimental to system throughput. The inaccuracy in the SINR estimate mainly depends on the MPR which in turn depends on the relative transmission powers of the PUCCH and SRS and on the SRS transmission BW. The same concern can arise when simultaneous SRS transmissions exist in different cells but such simultaneous SRS transmissions can be avoided through implementation. Nevertheless, the impact on the SRS transmission power due to MPR and total power limitation when simultaneous PUSCH transmissions exist in other cells may not be easily avoided. In this case, SRS transmissions may be prioritized over PUSCH transmissions.
Even though without support of simultaneous SRS and PUCCH transmissions the nominal SRS transmission power may still be limited by 
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, this is a much less likely event as an effective reduction in 
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 to transmit PUCCH is not needed and no MPR needs to apply to the SRS transmission. Moreover, the conditions for supporting simultaneous PUSCH and PUCCH transmissions and for supporting simultaneous SRS and PUCCH transmissions are different as the nominal SRS transmission power can be much larger than the nominal PUSCH transmission power (e.g. for the maximum SRS transmission BW and/or for a large 
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 value). 
The above can be addressed by either of:

a) Not supporting simultaneous PUCCH and SRS transmissions even when simultaneous PUCCH and PUSCH transmissions are supported. 

a. The PUCCH is punctured (resulting to some performance loss and reduction in multiplexing capacity for PUCCH Format 3) and the term 
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 from (Eq. 1) is removed.
b) Allowing the eNodeB to separately configure support of simultaneous PUSCH and PUCCH transmissions and of simultaneous SRS and PUCCH transmissions.    
The first alternative offers simplicity and is the only possibility for PUCCH Format 1a/1b where Rel.8 UEs and Rel.10 UEs may be multiplexed in the same PRB. However, for PUCCH Format 2/2a/2b (puncturing is likely in case of “CQI cycling”) and PUCCH Format 3, it incurs the associated performance and/or multiplexing capacity losses. Otherwise, the SRS transmission (periodic or aperiodic) needs to be dropped.

The second alternative allows the implementation to choose. Either alternative can apply to both periodic SRS and aperiodic SRS transmissions. If simultaneous SRS and PUCCH transmissions are not supported, the UE should suspend the aperiodic SRS transmission if it is in the same sub-frame as a PUCCH transmission (such an error case may occur, for example, due to a false PDCCH CRC pass).
Proposal: Simultaneous SRS and PUCCH transmissions are either always not supported or they are configured separately from simultaneous PUSCH and PUCCH transmissions. 

The eNodeB should also be able to separately control the transmission power of the aperiodic SRS and of the periodic SRS. As the aperiodic SRS is intended to provide immediate information of the UL channel medium for subsequent scheduling, its accuracy requirements are likely to be different than the ones for the periodic SRS. The eNodeB can individually control the transmission power of the aperiodic SRS and of the periodic SRS by using separate configuration of respective 
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 values.
Proposal: A UE is configured separate 
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 values for periodic SRS transmission and for aperiodic SRS transmission. 
In case of multiple UE transmitter antennas, since multiple transmission modes (TMs) can be configured for the PUSCH and the SRS are always non-precoded, a few additional considerations are needed on the link between the PUSCH and SRS transmission powers. 
First, it needs to be determined whether 
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 needs to be reset for the PUSCH when the TM changes (obviously, this is only applicable in case of accumulated TPC commands). This is independent of whether a single TPC command for all antennas or individual TPC commands per antenna is used (assuming SRS transmission from at least the same antennas as PUSCH transmission). It is desirable to avoid such resetting as otherwise it would be difficult to use the same 
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 for the PUSCH and the SRS. Moreover, it is unclear whether resetting 
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 when the PUSCH TM changes can offer any benefits and, instead, it is not detrimental. The eNodeB scheduler can account for the UE transmission power during TM switching by selecting the PUSCH PRB allocation and MCS and by subsequently adjusting the UE transmission power through the TPC commands. Therefore, there is no need to reset the 
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 when the TM changes and the PUSCH and SRS can use the same 
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 as in Rel.8. 
Proposal: For accumulated TPC commands, 
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 is not reset when the PUSCH transmission mode changes. 
Second, as the target PUSCH transmission power would depend on the PUSCH TM (PUSCH BLER depends on the TM for the same MCS and PRB allocation), it is desirable to further set 
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 according to the PUSCH TM. The Rel.8 setting of 
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 can apply as the default value (for the single antenna port TM used as fall-back) and when the eNodeB configures an additional TM (e.g. for SU-MIMO), it should also configure a respective 
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 value. A separate configuration of the 
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 value according to the PUSCH TM also largely decouples the power control method used for SU-MIMO PUSCH transmissions (e.g. control of total transmission power, or transmission power control per antenna, or per codeword, or per layer) from the SRS transmissions.
 Proposal: A UE is configured a 
[image: image38.wmf]TM

P

_c

SRS_OFFSET

 value corresponding to PUSCH transmission mode TM.   
Third, the SRS transmission power control formula should reflect the simultaneous SRS transmissions from multiple antennas. Assuming the simultaneous SRS and PUCCH transmissions can be configured for a UE (otherwise, the term 
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 is removed), the SRS transmission power control formula from antenna 
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can be generalized for a total of 
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 antennas as 
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where 
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 is the path-loss measurement for antenna 
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 if a single path-loss measurement is applied to all antennas (e.g. no AGI compensation), a single TPC command is assumed to apply for the SRS transmissions from all UE antennas (the same is assumed for the PUSCH transmission [1]). In case of control of total transmission power or of TPC per antenna for SU-MIMO PUSCH transmissions, the same treatment of the TPC commands 
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 can directly apply to the SRS transmissions.
As each antenna is assumed to have its own PA and, from a system perspective, the SRS transmissions from different UE antennas appear as SRS transmissions from different UEs, it is 
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 dB. Moreover, by not reducing the SRS transmission power from multiple UE antennas, relative to the SRS transmission power from a single UE antenna, the accuracy of the respective SINR estimate per antenna is not reduced and this is a key condition for achieving the potential gains from SU-MIMO PUSCH transmission (e.g. [3]). 
Moreover, given that the total transmission power from a UE should not exceed 
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 is satisfied where 
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 is a scaling factor (common for all UE antennas) of 
[image: image56.wmf])

,

(

ˆ

,

SRS

m

i

P

c

. If there is no PUCCH transmission in sub-frame i or simultaneous SRS and PUCCH transmissions are not supported, 
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3 Conclusions
This contribution considered some of the remaining aspects for SRS power control in Rel.10 including the possibility for simultaneous SRS and PUCCH transmissions when a UE is configured simultaneous PUSCH and PUCCH transmissions, the dependence of the SRS TPC on the TM configured for the PUSCH, the SRS TPC for (simultaneous) SRS transmissions from multiple UE antennas, and links between periodic SRS TPC and aperiodic SRS TPC. In particular, the following are proposed:

Proposal: Simultaneous SRS and PUCCH transmissions are either always not supported or they are configured separately from simultaneous PUSCH and PUCCH transmissions. 

Proposal: A UE is configured separate 
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 values for periodic SRS transmission and for aperiodic SRS transmission. 
Proposal: For accumulated TPC commands, 
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 is not reset when the PUSCH transmission mode changes. 
Proposal: A UE is configured a 
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 value corresponding to PUSCH transmission mode TM. 
Proposal: The SRS transmission power from UE antenna 
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 is obtained as 
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