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1 Introduction

Rel.8 supports transmissions in only one component carrier (CC) and from only one UE transmitter antenna in a sub-frame. These attributes lead to a simple SRS transmission structure where the respective time/frequency/code resources to each UE can be allocated/de-allocated with adequate efficiency through RRC signaling. However, Rel.10 supports UL transmissions in multiple CCs and from up to 4 UE transmitter antennas and this necessitates different management of SRS resources, SRS overhead, and SRS activation.
The requirement to limit the SRS overhead in Rel.10 was identified in several past contributions and it is one of the factors that need to be controlled in order to minimize the expected UL overhead increase. The SRS overhead in Rel.10 is analyzed under the SRS configuration setup of Rel.8 and under the requirement for Rel.8 compatibility (e.g. PUSCH/PUCCH/SRS transmission from Rel.8 UEs should not be affected by SRS transmission from Rel.10 UEs). Moreover, the ability to “trigger” SRS transmissions, as for CQI transmissions in Rel.8, is considered for CCs without SRS transmission and for re-configuration of SRS parameters in CCs with SRS transmission from a UE. 
2 SRS Overhead in Rel.10
The parameters determining the SRS multiplexing capacity are the SRS transmission bandwidth (BW) and the SRS transmission period. Assuming that both combs and the maximum number of 8 cyclic shifts (CS) are utilized (an optimistic assumption applicable only for low delay spread channels), 16 SRS transmissions with maximum BW can be multiplexed per sub-frame for 7.14% respective overhead. The SRS multiplexing capacity increases proportionally as the SRS transmission BW decreases (or equivalently, the SRS multiplexing capacity is maintained with less overhead). For example, 16 SRS transmissions with half the maximum BW can be multiplexed per sub-frame for 3.07% overhead. 
In Rel.8, SRS overhead is not a significant part of the total UL overhead because UL SU-MIMO is not supported and the system design is mainly targeted towards operation in macro-cells where, using a typical geometry CDF, few UEs have adequately large SINR to benefit from wideband SRS transmission. 
In Rel.10 however, with UL spatial multiplexing (SM) of up to four layers [1], transmission of multiple transport blocks in respectively multiple CCs, support of DFT-S-OFDM within one CC, targeted gains through UL CoMP, and expanded deployment in hot-spot/indoor environments, the SRS overhead and accuracy requirements should be carefully considered. For example, for SM with 4 layers, the SRS overhead increases by a factor of 4. Furthermore, such SRS transmissions are likely to be of (near) maximum BW as UEs having UL SM typically have high SINRs. The same applies for the SRS BW to support non-contiguous RA with one CC. The objective to minimize UL overhead is further enforced by the fact that DL/UL BW allocations may likely be asymmetric with more control overhead required in the typically smaller UL BW compared to equal DL/UL BW and by the fact that the SRS may also be used for DL beam-forming, especially in TDD.
In order to provide Rel.8 compatibility but also due to other practical reasons, it is desirable to maintain the use of only the last sub-frame symbol for SRS transmission in Rel.10. Then, the maximum SRS overhead per sub-frame is 7.14% and a maximum of 16 SRS transmissions of maximum BW can be multiplexed per sub-frame (an optimistic assumption requiring that all 8 CS values can be used). However, further considering the 14.3% overhead per sub-frame for the DM RS, the total RS overhead becomes about 21.4%. By adding the control overhead in the PUCCH or possibly in the PUSCH, which may exceed 20% especially with support of large CSI payloads for DL CoMP or short SR transmission period for reduced user plane latency, the total UL overhead becomes more than 40% which is substantially larger than the ~25% overhead typically assumed in Rel.8 and simply too large if the spectral efficiency requirements of Rel.10 are to be met [2]. While little/nothing can be done to reduce the DM RS overhead or PUCCH overhead, simple approaches to reduce the SRS overhead can be pursued while providing large SRS multiplexing capacity per sub-frame.
3 SRS Transmission in Rel.10
3.1 SRS Activation

SRS overhead reduction can be achieved by using the same approach as in Rel.8 for DL dynamic CQI transmission (for its main purpose, SRS is just UL CQI). Similarly to the “CQI request” Information Element (IE) in DCI format 0, a 1-bit “SRS Activation” IE can be introduced in the DCI format for UL SU-MIMO, and possibly in the existing DCI format 0 using its padded bit and the FH bit (e.g. when both are set to 1 [3]), to request a UE to transmit SRS. The “SRS Activation” IE may also be used to not only activate an SRS transmission, but also de-activate an existing one. 
The SRS transmission parameters for each UE can be configured by the eNodeB through RRC signaling, as in Rel.8. By including the “SRS Activation” IE in the DCI formats for PUSCH transmission, the eNodeB can trigger simultaneous SRS transmission from multiple antennas when it so decides (for example, when the conditions become appropriate for SU-MIMO or to support traffic bursts). The SRS parameters for simultaneous SRS transmission from multiple UE antennas may be either additionally configured through the initial RRC signaling or be implicitly determined from the SRS parameters configured for SRS transmission from a single antenna. Independent SRS transmission parameters per CC are assumed because managing a tree-structure over multiple CCs can become too complex, especially for CCs with different BWs (or with different PUCCH sizes).
As for the “CQI request” in Rel.8, the activation of simultaneous SRS transmissions from multiple antennas through the physical layer allows the system to have a timely response to the changing channel conditions and thus to best utilize UL SU-MIMO while minimizing SRS overhead. Dynamic SRS activation may also be exploited to adjust the SRS transmission to dynamically changing traffic characteristics such as, for example, traffic bursts occurring with file uploading or web browsing. This can allow the eNodeB to quickly manage the SRS resources as UEs enter and exit the system and to quickly respond to changes in channel conditions and varying traffic characteristics.

3.2 SRS Reconfiguration

Another useful ability for Rel.10 would be for the eNodeB to dynamically reconfigure the SRS transmission parameters in an UL CC having SRS transmission from a UE but also in an UL CC without SRS transmission (or other signal transmission) from the UE. The former can allow the eNodeB to adjust the SRS transmission parameters to the varying channel and traffic characteristics. The latter can allow the eNodeB to obtain timely information for the interference and channel conditions a UE will experience in another UL CC and subsequently begin scheduling the UE in that UL CC based on that information. Reconfiguration of SRS transmission parameters also enables the eNodeB to disable SRS hopping if good SINR is obtained in a particular part of the BW or enable SRS hopping when the opposite occurs. Also, the eNodeB can dynamically reassign SRS transmission resources that become available to other UEs in order to most effectively improve SRS multiplexing capacity and reduce overhead as UEs enter and exit the system.

The SRS parameters reconfiguring an SRS transmission are outlined in Table 1 and include most SRS parameters configured by RRC in Rel.8. If the “SRS Activation” IE is included in the DCI format scheduling PUSCH transmissions, the interpretation of the DCI format can be that it reconfigures an SRS transmission if, for example, the “SRS Activation” IE, the “Hopping Flag” IE, and the “CQI Request” IE all have the value 1, or by using a reserved value for the CSI IE, etc. If the “SRS Activation” IE is not included in the DCI format scheduling PUSCH transmissions, the padded bit in DCI format 0 and the FH bit can be used as an explicit “SRS Reconfiguration” IE (when both are set to 1). The size of DCI format 0 is adequate at 5 MHz and above (the size of the DCI format for UL SU-MIMO transmission will also be adequate as it will be larger than the size of DCI format 0).
If the reconfigured SRS transmission corresponds to a CC with an existing SRS transmission, the DCI format can be used to reconfigure the SRS transmission parameters. The broadcast (SIB) information for the SRS BW configuration and the SRS transmission sub-frames are obviously not needed and neither does the SRS duration. 
If the reconfigured SRS transmission for a UE is in a CC without SRS transmission from the UE, the SRS transmission can be “one-shot”, using the already established timing of SRS transmission, and there is no need to know the SRS BW configuration, SRS hopping, SRS period, and SRS sub-frame offset for periodic SRS transmissions. The bits used to indicate the SRS period or the SRS sub-frame offset can be used to indicate the UL CC.

Table 1: Re-configuring a SRS Transmission through a DCI format.
	SRS Information Element
	Number of Bits
	Comment

	SRS Activation
	1
	Interpretation of DCI format

	Frequency Hopping Flag
	1
	Frequency Hopping Flag for PUSCH

	UL Component Carrier
	1
	Same or different UL CC

	Transmission BW
	2
	Four SRS BWs per operating BW

	Frequency Position
	3 or 5
	Starting BW Position (3 bits for <=5 MHz)

	Transmission Comb
	1
	Two combs

	SRS Cyclic Shift
	3
	Eight cyclic shifts

	Sub-Frame Offset
	8
	Sub-Frame Offset if Same CC

	Periodicity
or

UL CC Indicator
	3
	SRS Periodicity Indication if same UL CC
or

UL CC Indication if Different UL CC

	 SRS Hopping
	1
	SRS Hopping On/Off

	Duration
	0
	One-Shot Transmission or Same Duration

	SRS BW Configuration
	0
	One-shot or already known through SIB

	CRC (UE ID)
	16
	UE ID masked in the CRC

	TOTAL
	40 or 42
	


4 Conclusions

This contribution considered SRS transmission aspects in Rel.10. Based on the analysis for the SRS overhead, the benefits from extending the equivalent of the “CQI request” in Rel.8 to the SRS in Rel.10, and to support the functionality of performing sounding in UL CCs without current SRS or other transmission, the following are proposed:
a) Introduction of an “SRS Activation” IE in DCI formats for PUSCH transmissions.
b) Enabling dynamic reconfiguration of SRS transmissions using DCI formats for PUSCH transmissions. 
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