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1. Introduction
In RAN1 #60 meeting, on the SRS transmission for LTE-Advanced system, we have agreed that [1],
· Dynamic aperiodic SRS is supported

· Continue discussion on PDCCH signaling aspects, how to provide aperiodic SRS resources (including for multiple antennas), how to share these resources with ones for periodic SRS, and for the duration of the dynamic SRS transmission (e.g. one-shot, with a timer, semi-persistent until disabled, etc.)
· Precoded SRS is not supported in Rel-10.
In this contribution, we share our considerations and proposals on the transmissions of sounding reference signals for LTE-Advanced systems. 
2. Basic Analysis
As we know, Litter’s law is a general result holding for G/G/1-Queues.  It establishes a relationship between the average number of customers in the system
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, the mean arrival rate
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 and the mean customer response time
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 (time between entering and leaving the system after getting service) in the steady state,
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For the M/M/1-Queue, which has iid inter arrival times that are exponentially distributed with parameter 
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 and also iid service times with exponential distribution with parameter 
[image: image6.wmf]m

, the mean number of customers in the system is given 
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Where 
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And the mean response time
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, which is the mean time a customer spends in the system, i.e. waiting in the queue and being serviced is given 
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For the M/M/m-Queue, which has m servers in the system and iid inter arrival times that are exponentially distributed with parameter 
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 and also iid service times with exponential distribution with parameter
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, the mean number of customers in the system is given 
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Where 
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And the mean response time again can be evaluated simply using Little’s formula.

Although it’s very hard to say that the requests of using SRS resources (user arrivals) and the sounding durations using the SRS resources (the service times) follow the exponential distribution in LTE and LTE-advanced systems, the queue theory shows us the reasonable ways if we want to decrease the queue length so as to release as much as SRS resources in order to support as much as UEs with multi-antennas in LTE/LTE-Advanced systems.
The solutions to SRS enhancements for LTE-Advanced system can be divided into two categories,
· Decrease the service time, which means decreasing the occupation time of the SRS resources of UEs
· Increase the servers, which mean increasing the SRS capacities.
3. High Efficiency of SRS Resources Usage
In Rel.8/9 system, periodic SRS transmission has been supported.  Both the SRS resources assignment and the SRS resources are through higher layer signaling, which means a slow processing procedure compared with the PDCCH signaling progress.
For efficiently using the sounding resources, dynamic aperiodic transmission of SRS [2] has been agreed to be supported in Rel.10 in the last San Francisco meeting.  An example of this scheme is the PDCCH triggered one-shot SRS transmission.  Note that the main aim of SRS is to get the channel state information (CSI) for the frequency-dependent scheduling in eNodeB.  For a low geometry UE, the bandwidth of its sounding reference signals has to be small so as to meet the SINR requirement of the channel estimation, which means that several transmissions of the sounding signals using different frequency resources are needed for acquiring the frequency diversity gain.  Only one single narrow band SRS transmission can’t give any useful information to the scheduler.  These serials of transmissions of sounding signals need serials of PDCCH triggers, which impact the signaling overhead.  So a serial of SRS transmission can be triggered by the PDCCH signaling, and the number of the serial transmissions is configurable.

Proposal:

· support  one-serial-shots of sounding reference signals that is trigged by PDCCH signaling
4. Sounding Capacity Enhancements
There two different ways to increase the SRS resource capacity.  One is to use the spare cyclic shifts [3] and/or the OCC cover codes to transmit the sounding signals multiplexed with the DMRS of other UEs.  The other one is to extend the comb value and the CS value [4] in Rel.8 system.
Although the benefits of these two schemes are restricted with the channel conditions, for example, the OCC based DMRS scheme prefers the low speed UEs and the extending comb and CS scheme prefers the low-delay spread channels, both of them give the simple and inevitable solutions to multiplex the new sounding reference signals for LTE-Advanced system with the exit Rel.8/9 signals.  And it’s the eNodeB’s responsibilities that assign the sounding resources to different UEs.
Proposal:

· support  using the spare cyclic shifts and/or the OCC cover codes to transmit the sounding signals multiplexed with the DMRS
· support extending the comb value and the CS value to increase the sounding capacity
5. Conclusions
Based on the discussion above, our proposals are,

· support  one-serial-shots of sounding reference signals that is trigged by PDCCH signaling

· support  using the spare cyclic shifts and/or the OCC cover codes to transmit the sounding signals multiplexed with the DMRS

· support extending the comb value and the CS value to increase the sounding capacity 
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