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1. Introduction
It is already clear that to satisfy peak data rate requirements in LTE-A, designs up to 4x4 antenna configurations and spatial multiplexing with up to four layers are needed. To ensure enough resources for multi-antenna SRS transmission, increasing SRS multiplexing had been discussed in [2]-[4]. In this contribution, we provide some considerations on SRS multiplexing enhancement with evaluation results.
2. Discussion 
2.1. On increasing SRS multiplexing capacity
As mentioned in [1], Rel-8 based SRS transmission, which is designed for the single antenna transmission, is hard to meet the LTE-A requirement. To provide enough SRS resources in LTE-A, it is helpful to introduce enhancements to SRS multiplexing. The benefits of increasing SRS multiplexing can be found in many aspects:

· Efficiently increase the SRS resources especially for MIMO UEs. With the increased number of MIMO UEs, the requirement of SRS resources will be greatly increased.
· Reduce the intra-interference especially in cell edge. If many UEs are multiplexed in the same physical resource especially in bad channel scenarios, the cell throughput will be degraded. This will not occur with more SRS multiplexing.
· Good for inter-cell interference cooperation. As more sounding resources are available for multiple cells, the SRS multiplexing among neighboring cells will be much easier.
· Reduce the sounding delay. The sounding delay can be shortened with more SRS resources, which is beneficial to both UL MIMO and DL MIMO transmission.
· More robust for DLMIMO and DL CoMP. As more CSI is available from uplink sounding, enough downlink CSI can be obtained via channel reciprocity for downlink scheduling and transmission.
Therefore, SRS multiplexing enhancement should be considered to avoid the drawbacks of reusing Rel-8 based SRS in LTE-A.

2.2. Solutions for SRS multiplexing enhancement
Some schemes had been proposed in previous meetings for SRS multiplexing enhancement.

SRS via PUSCH

PUSCH based sounding is a simple solution for multiplexing enhancement. No additional parameters configuration is needed, and little increase in signaling overhead will incur. However, only few SRS resources can be obtained due to the limited SRS bandwidth. The channel sounding in PUSCH BW is not usable for frequency scheduling and multi-antenna wideband sounding is still needed. Thus, SRS via PUSCH is not enough for SRS multiplexing enhancement to increase SRS capacity in LTE-A

Extended CS
It is backward compatible and straightforward to extend the 8 CSs in LTE to 16 CSs for more SRS resources. The SRS capacity is doubled on the surface, but it is only helpful in some small delay channels. We can find in [1] that even multiplexing of 6 CSs will result in significant performance loss for MIMO UEs in TU channel. Therefore, the introduction of 16 CSs is helpless for SRS capacity enhancement in most channels, and the intra and inter interference will be increased with more CDMed UEs. 
Extended comb and CS
If the comb in LTE is extended, for example, to 4, then the SRS multiplexing capacity can be doubled. To reuse the SRS BWs in Rel-8, the corresponding number of CS should be extended to 6 or 12. That is, the cyclic shift 
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 of the sounding reference signal should be modified to 
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 is configured for each UE by higher layers and 
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It was analyzed in [2] that the backward compatibility and feasibility could be robust with this scheme. Compared to other schemes, extended comb and CS have several advantages:
· Efficiently increase the SRS resources in different types of channel. In small delay channel (e.g. PA channel), all the CSs can be used and the capacity can be increased maximum up to 150%. If the channel delay is large, part of the CSs (e.g. 6 CSs with maximal CS offset) can be chosen for multiplexing, and the capacity can still be markedly improved.
· Reduce the intra-cell interference by exploiting FDM instead of CDM. The number of multiplexed UEs with different CS indexes as well as interference between UEs can be reduced with the same SRS resources.
The time domain distance between CSs will be halved compared to Rel-8 if comb is extended to 4. However, as the primary power is distributed in the first several paths, even if the time domain distance between CSs is slightly smaller than the delay of channel in some scenarios, there will not be significant interference and sounding error. Corresponding results can be found below.
2.3. Simulation results
Some evaluation results on extended RPF had been provided in [3]. In this section, we further provide some simulation results to compare the following two alternatives with the same SRS BW:
Alternative 1: Comb=2&Ncs=8 as in LTE Rel-8

Alternative 2: Comb=4&Ncs=12 as proposed in this contribution
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Alt1 4RBs CS=2

Alt2 4RBs CS=2

Alt1 4RBs CS=4

Alt2 4RBs CS=4

Alt1 4RBs CS=6
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Alt1 4RBs CS=4 with TE

Alt2 4RBs CS=4 with TE

Alt1 4RBs CS=6 with TE

Alt2 4RBs CS=6 with TE


Figure 1 Performance of UL MIMO with different          Figure 2 Performance of UL MIMO with different     SRS configurations (SRS BW=4 RBs, TU)                   SRS configurations (Timing Error = 1μs, TU)
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Alt1 8RBs CS=2

Alt2 8RBs CS=2

Alt1 8RBs CS=4
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Alt1 8RBs CS=4 with TE

Alt2 8RBs CS=4 with TE

Alt1 8RBs CS=8 with TE

Alt2 8RBs CS=8 with TE


Figure 3 Performance of UL MIMO with different        Figure 4 Performance of UL MIMO with different          SRS configurations (SRS BW=8 RBs, TU)                 SRS configurations (Timing Error = 1μs, TU)
Our observations from the results are as follow:
· When the number of used CS is relatively small (CS=2) or large (CS=6/8), the performance of Alt2 is very close to that of Alt1, since both of their CS distances are smaller or bigger than the largest delay path of the channel. When the number of used CS is medium (CS=4), there will be performance loss for Alt2, but the loss is acceptable. In a word, Alt2 will not suffer from sounding error significantly with doubled SRS capacity.
· Comparing the performance of Alt1 with CS=6 and Alt2 with CS=4 in figure1, we can find the latter outperforms the former, which means that Alt2 can provide both larger capacity and better performance in some scenarios.
· It is shown in all the above figures that with the same SRS capacity (when the used CS number of Alt1 is twice over the number of Alt2), Alt2 can always provide better performance.
3. Conclusions
In this contribution, we analyze the benefits and schemes to increase SRS multiplexing and propose extended comb and CS as a solution. We also provide some simulation results to show that the introduction of extended comb and CS would not result in significant interference and performance loss, even in large delay spread scenarios with timing error. We propose that as a simple and efficient solution to improve SRS multiplexing resources, extended comb and CS should be considered for SRS enhancement in LTE-A.
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5. Appendix
Table1 Simulation assumptions
	Parameter
 
	Assumption 

	Antenna configuration 
	2×2

	Bandwidth 
	5M

	Channel model 
	TU-6

	Antenna correlation (BS,UE)
	(0,0)

	Codebook 
	Codebook in R1-092940

	MCS 
	Refer to 36.213 

	Channel code 
	Turbo code 

	HARQ retransmission number 
	4 

	Carrier frequency 
	2.0 GHz

	Receiver 
	MMSE

	CQI/PMI/SRS delay
	5 ms 

	DMRS estimation 
	Real

	SRS estimation
	Real

	Codeword number 
	1/2

	Layer number
	Rank adaption

	Scheduled resource RBs
	6 RBs

4 RBs when SRS BW is 4RBs

	Sounding BWs
	4/8 RBs

	Precoding granularity 
	The same as resource RBs

	Pilot overhead 
	2 DMRS symbols and 1 SRS symbol

	UE mobile speed 
	3km/h
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