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1. Introduction
In LTE R8, there are no multiple component carriers (CCs) and multiple antennas in uplink. Therefore, SRS in LTE R8 is designed for single CC and single antenna. Following the introduction of carrier aggregation (CA) and multiple antenna transmission in LTE-Advanced uplink, SRS transmission needs to be enhanced correspondingly. In this contribution, we give our viewpoints on this topic.
2. Support for Multiple CCs & Multiple Antennas
The following table lists the parameters defined in LTE R8 to control the SRS transmission:
Table 1: SRS Parameters & Signaling Type
	srsBandwidthConfiguration
	cell-specific

	srsSubframeConfiguration
	cell-specific

	srsBandwidth
	UE-specific

	frequencyDomainPosition
	UE-specific

	srsHoppingBandwidth
	UE-specific

	duration
	UE-specific

	srsConfigurationIndex
	UE-specific

	transmissionComb
	UE-specific
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These parameters are defined without the multiple CCs and multiple antennas. In LTE-Advanced, these parameters need to be enhanced, and some new parameters need to be introduced. The following issues need to be properly handled:

a) Whether each UE transmits SRS in multiple CCs?
Carrier aggregation does not mean that each UE should use multiple CCs. Different UEs have different data rates. One CC may be enough for UE with low data rate. Generally, the sounding bandwidth of each UE is larger than the PUSCH bandwidth, so the eNode B can obtain the channel state information in more RBs and try its best to schedule UE in RBs with good channel condition. If UE transmits data on only several RBs but transmits SRS on multiple CCs, of course it will get better performance, because more RBs with good channel condition can be found and scheduled to this UE. However, SRS resources are limited, especially in LTE-Advanced, for the introduction of multiple antennas. SRS transmission on multiple CCs at each UE wastes the SRS resources. Moreover, it may reduce the transmission power on each CC and hence is not suitable for cell-edge UEs which are often power limited. 
   To sum up, LTE-Advanced should support UE to transmit SRS in one/multiple/all CCs. Therefore, 
· A new UE-specific parameter needs to be introduced in R10 to indicate which CCs are used by each UE to transmit SRS.
b) Which parameter should be enhanced to CC-specific?
Different CCs may have different bandwidth, parameters ‘srsBandwidthConfiguration’, ‘srsBandwidth’, ‘frequencyDomainPosition’ and ‘srsHoppingBandwidth’ should be CC-specific. Other SRS parameters can be configured as non-CC-specific. However these non-CC-specific SRS parameters may lead to the consequence that SRS on different CCs have to use the same subframe, comb, periodicity, and cyclic shift. This reduces the scheduler’s flexibility because different CCs may have different propagation properties, and may multiplex different number of users. Moreover, using same subframe, comb, periodicity, and cyclic shift on different CCs may cause high CM and disperse the transmission power [1]. Therefore, we prefer:  
· All SRS parameters listed in Table 1 should be enhanced to CC-specific.

Though enhancing all SRS parameters to CC-specific increase the signaling overhead, it is not a big problem as the parameters listed in Table 1 are notified by semi-static RRC signaling. 
c) Which parameter should be enhanced to antenna-specific?
No matter which multiple antenna transmission scheme, precoding or TxD, is adopted in PUSCH, the RBs used in different antennas are the same. Therefore, it makes no sense to set the parameters ‘srsBandwidth’, ‘srsHoppingBandwidth’ and ‘srsBandwidthConfiguration’ as antenna-specific. 

It seems no advantage can be obtained when one antenna transmits single SRS, and the other transmits periodic SRS. Hence, the parameter ‘duration’ should not be enhanced to antenna-specific.

Whether the parameter “transmissionComb” should be antenna-specific or not depends on whether we use FDM to differentiate SRS on different antennas. Because only 2 combs are currently supported, to support 4 antennas, the mixed multiplexing method “FDM+CDM” or “FDM+TDM” may be needed. This will increase the system’s complexity. Moreover, different combs may be more suitable for overlapping SRS from different UEs with different sounding bandwidths. Therefore, we think that the parameter “transmissionComb” should not be enhanced to antenna-specific. 

The parameters ‘srsConfigurationIndex’ and ‘srsSubframeConfiguration’ decide the SRS periodicity and SRS subframe. We think that the SRS periodicity of different antennas should be the same, and SRS subframes of different antennas can be different. Different SRS subframes of different antennas mean TDM is used to differentiate SRS from different antennas. However, we think that TDM is more suitable for differentiating SRS from different UEs. Therefore, we don’t prefer to set the parameters ‘srsConfigurationIndex’ and ‘srsSubframeConfiguration’ as antenna-specific. 
Comparing with FDM and TDM, CDM is more suitable for differentiating SRS from different antennas. It should be noted that the SRS multiplexing capacity is limited, if we use FDM or TDM to differentiate SRS from different antennas, CDM will be more used to differentiate SRS from different UEs. However, different UEs often have different channel properties, such as, different delay spreads, different path losses. These different channel properties can easily cause the interference. Therefore, CDM is more suitable for differentiating SRS from different antennas. To support CDM, the parameter ‘cyclicShift’ should be enhanced to antenna-specific.  
As mentioned above, we give the following proposal: 

· The parameter ‘
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cyclicShift’ should be enhanced to antenna-specific (i.e., CDM is used to multiplex SRS from different antennas), and other parameters do not need to be enhanced.

d) How to notify the antenna-specific “cyclicShift” to each UE?
    Alt 1 (explicit): notify each antenna’s cyclic shift 
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 to each UE, that is, Nx cyclic shifts per each CC are notified to each UE, where Nx denotes the number of transmitted antennas.
    Alt 2 (implicit): Different antennas’ cyclic shifts have the largest equally-spaced separation. Thus, only the first antenna’s cyclic shift 
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 needs to be explicitly notified to UE, other antennas’ cyclic shifts can be deduced from the first antenna’s cyclic shift.  
· We prefer Alt 2 for less signaling overhead.
3. Enlarge SRS Multiplexing Capacity
   For the introduction of multiple antennas (up to 4) in LTE-Advanced uplink, more SRS resources (up to 4 times R8 SRS resources) are needed for each UE to sound channel. Therefore, the SRS resources provided in LTE are not enough for LTE-Advanced, and the SRS multiplexing capacity needs to be enhanced. Two direct methods to enlarge the SRS multiplexing capacity are:
· Increasing the number of cyclic shifts

· Increasing RePetition Factor (RPF) 

In the following, we analyze these two methods. 
· Increasing the number of cyclic time shifts
In LTE, 8 cyclic time shifts per SRS-comb are supported. We can extend 8 cyclic time shifts to 12 to enlarge the SRS multiplexing capacity. The disadvantage of extending the number of cyclic time shifts is that the supporting delay spreads between two adjacent shifts are reduced. However, this disadvantage is not a very big problem. When the cell load is light, eNode B can assign cyclic time shifts to UEs with the largest possible separation. Even if the cell load is high, and the adjacent shifts have to be used, eNode B can assign SRS with different cyclic time shifts to UEs with small delay spreads (usually in the cell center), and UEs with large delay spreads (usually in the cell edge) can be scheduled to use FDM or TDM to multiplex SRS. Therefore, we propose: 

· Enlarge the number of cyclic time shifts to 12.
· Increasing RePetition Factor (RPF) 

In theory, increasing RPF from 2 to 4 can double SRS multiplexing capacity. However, considering backward compatibility with R8 UE, the “double” effect cannot be achieved in practice because RPF=2 also needs to be supported. Moreover, this method has several shortcomings: 
· Restriction to the scheduler
Simultaneously supporting RPF=2 and RPF=4 SRS may restrict the scheduler. As shown in the following figure, the “white” subcarriers cannot be used for RPF=2 SRS. It means that other R8 UEs cannot be scheduled in this RB. 
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·  Non-integer separation
In LTE, the minimum sounding bandwidth is 4 RB, and the minimum SRS length is 24 for RPF=2. If we increase RPF to 4, the minimum SRS length will be reduced to 12. 
If the number of cyclic time shifts is not increased, 8 cyclic shifts will result in non-integer separation as “12/8=1.5”. 
· Reduce the effect of averaging channel
For RPF=2, the channel condition of each RB is derived from 6 subcarriers. However, if RPF is increased to 4, only 3 subcarriers can be used to deduce the channel condition of each RB. This may affect the channel estimation of each RB, and further affect the scheduling.  
    In summary, we propose: 

· FFS: Increase RPF 
4. Conclusion

In this contribution, we discussed the SRS enhancements in LTE-Advanced to support multiple CCs and multiple antennas. The discussions are summarized as follows: 

· A new UE-specific parameter needs to be introduced in R10 to indicate which CCs are used by each UE to transmit SRS.
· Besides UE-specific or cell-specific, all defined SRS parameters in R8 should also be CC-specific in R10.

· The parameter ‘
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cyclicShift’ should be enhanced to antenna-specific (i.e., CDM is used to multiplex SRS from different antennas), and other parameters do not need to be enhanced.

· We prefer the option of implicitly notifying the antenna-specific ‘
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cyclicShift’ to each UE for less signaling overhead. 
· To increase SRS multiplexing capacity, we prefer to enlarge the number of cyclic time shifts to 12. Whether to increase RPF should be further study. 
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