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1 Introduction

In RAN1#60 it was agreed to support dynamic aperiodic SRS transmissions in Rel-10 but the details on how to configure the resources for such SRS transmissions remain FFS. In particular, further progress in needed on how to provide aperiodic SRS resources (including for multiple UE transmitter antennas), how to share these resources with ones for periodic SRS, and whether the duration of dynamic aperiodic SRS transmissions is one-shot, or semi-persistent until disabled, or to support both possibilities. 

In addition to the dynamic SRS transmissions, which reduce SRS overhead through SRS resource management, utilization of available DMRS cyclic shifts for SRS transmissions has also been proposed in order to reduce SRS overhead by providing additional resources [1]. This can be done either dynamically through the PDCCH and allow SRS multiplexing with the DMRS for types of PUSCH transmissions, or on a semi-persistent basis and apply only for SPS PUSCH transmissions. 
This contribution further considers the two above issues.  

2 SRS Configurability
In [2], SRS activation and SRS configuration were described in order to allow efficient management of SRS resources and reduce the associated overhead.

While SRS activation is easily understood and can be initiated, for example, through a code-point or through an explicit 1-bit IE in the DCI format for PUSCH transmissions, the availability of the resources for the activated SRS transmission is less clear.

Obviously, using higher layer signaling to reserve unique resources for the activated SRS transmissions completely defeats the purpose of having dynamic SRS activation as the SRS overhead remains the same. Activating 1-shot SRS transmissions in the same BW as for the PUSCH transmissions is also problematic as:

a) Only one-shot SRS transmissions can be supported.
a. This is not very useful as the periodic SRS transmission is typically from one UE antenna and the dynamic ones are from the remaining UE antennas.
b) The SRS transmission BW is restricted to be the same (or smaller) as the PUSCH transmission BW.
a. New SRS transmission BWs may need to be defined unless further restrictions are considered.
b. The PUSCH transmission BW may be too small or too large for SRS transmission to be useful.
c) Frequency Domain Scheduling (FDS) of subsequent PUSCH transmissions is confined to be within the same BW as the previous PUSCH transmission – most/all FDS benefits are lost.

d) Multiplexing dynamic aperiodic SRS transmissions in the PUSCH and SPS periodic SRS transmission is difficult, particularly if the PUSCH transmission BW is not aligned with the periodic SRS transmission BWs. Moreover, without explicit signaling, further restrictions are needed for the selection of the SRS cyclic shift and transmission comb. 

Therefore, neither higher layer signaling nor “one-shot” SRS transmissions within the PUSCH transmission BW can offer any practical benefit. Especially for the latter, the tradeoff is decisively towards additional system complexity and scheduler restrictions. Consequently, the focus is towards dynamic reconfiguration for dynamic SRS activation without imposing any restrictions on the system operation and without defining any new SRS transmission parameters.

To enable multiplexing of dynamic and periodic SRS transmissions, a pool of resources may be shared among UEs. For best utilization of these resources with minimal/no overhead and without any operational restrictions, dynamic configuration of the SRS transmission parameters is required. Although “one-shot” SRS transmission may still be supported, it is more beneficial to support semi-persistent dynamic SRS transmissions, similar to periodic SRS transmissions. In conjunction with semi-persistent dynamic SRS transmissions, dynamic SRS de-activation should also be supported.
A first approach for using a pool of common SRS transmission resources among UEs is to divide UEs into groups and allocate unique SRS resources to each group. The shortcoming of this approach is its inflexibility as, once allocated, these resources cannot be used by more than one UE in the group and reconfiguration using higher layer signaling is incompatible with dynamic SRS activation.
Another approach is to support dynamic re-configuration of SRS resources together with dynamic SRS activation. Having implicit derivation of the SRS resources for multiple UE antennas from the SRS resources indicated for a single antenna allows a DCI format scheduling PUSCH transmission to be used for re-configuring SRS resources. Such use of a DCI format is a rare and typically opportunistic event. Once re-configured, SRS transmissions are semi-persistent and therefore frequent dynamic configuration of SRS resources is not applicable. Also, dynamic configuration of SRS resources may be associated with SRS transmission in a deactivated UL CC prior to its activation or with sub-frames for which the actual PDCCH transmission is not an integer multiple of OFDM symbols.
The SRS resource reconfiguration parameters are outlined in Table 1 and include most SRS parameters used in Rel-8. If an “SRS Activation” IE is included in the DCI format, its interpretation is 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 if a reserved value for the CSI IE is used, etc. If the “SRS Activation” IE is not included in the DCI format, 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).
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 (if different CC) or Semi-Persistent (if same CC)

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

	CRC (C-RNTI)
	16
	C-RNTI masked in the CRC

	TOTAL
	40 or 42
	


If the configured SRS transmission is in a UE-configured UL CC without SRS transmission from the UE (e.g. a deactivated UL CC), the SRS transmission can be “one-shot”, using the already established SRS timing (no need to know SRS BW configuration, SRS hopping, SRS period, and SRS sub-frame offset). The bits used to indicate the SRS period or the SRS sub-frame offset can be used to indicate the UL CC. This “one-shot” SRS transmission can enable the Node B to obtain an estimate of the UL interference and channel conditions the UE will experience in the de-activated UL CC and can also be used for appropriate MCS selection for the initial PUSCH transmissions. 
Proposal: Support dynamic SRS de-activation.

Proposal: Support dynamic configuration of SRS transmission parameters.
3 Multiplexing SRS and DMRS
In addition to SRS resource management through dynamic SRS activation/deactivation or through SRS transmission in non-contiguous BWs [3], SRS overhead can be reduced by increasing the resources available for SRS transmission (compared to the ones used in Rel-8). Two approaches fall under this category:

a) Increasing the number of SRS cyclic shifts (CS) and/or combs relative to Rel-8.

b) Multiplexing SRS and DMRS transmissions. 

Increasing the number of CS beyond 8 and/or increasing the number of combs beyond 2 is not possible in nearly all operating channels of interest as the Rel-8 SRS multiplexing capacity is already practically the maximum one (for example, only 3 of the 8 CS, together with the 2 combs, can be used in a TU channel). For completely flat channels it may be possible to use additional CS but, considering filter spill-over effects and time errors, it is highly unlikely that more than 8 CS will be meaningfully beneficial. Therefore, although a marginal increase in the number of CS may be possible in completely flat channels, this is not sufficient to motivate additional specifications and testing. 

Multiplexing SRS transmissions using available CS in existing DMRS transmissions can be through PDCCH in dynamically scheduled PUSCH transmissions or through RRC configuration in SPS PUSCH transmissions [1]. 
Using DCI formats to multiplex SRS in the DMRS of associated PUSCH may not necessarily increase the PDCCH overhead if available CCEs are utilized when the PDCCH size is not exactly an integer number of OFDM symbols. However, it also has minimal benefits as the number of UEs that can be supported is small, if any, and it does not offer operating predictability (e.g. available CCEs cannot be assured to always exist). Therefore, dynamic multiplexing of SRS and DMRS transmissions is not beneficial.

Using RRC configuration to multiplex SRS in the PUSCH DMRS avoids all the shortcomings of using DCI formats but nevertheless increases the interference experienced by the DMRS in synchronous networks. The impact on the performance is minimal [4] and can be even completely eliminated is the Node B configures such multiplexing only for cell interior UEs. Therefore, RRC-configured multiplexing of SRS and DMRS has the advantages of simplicity and full implementation control for its operation without requiring any new UE functionality.

Proposal: Support RRC-configured SRS and DMRS multiplexing.

4 Conclusions

This contribution considered aspects related to the SRS signaling in Rel-10 and proposes the following:
a) Support dynamic SRS activation and de-activation.
b) Support dynamic configuration of SRS transmission parameters.
c) Support RRC-configured SRS and DMRS multiplexing.
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