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1 Introduction
In RAN#51, new UL RS SID for Rel-11 [1] has been agreed:
·    Study and evaluate enhancement of the uplink reference signals, e.g.
· Frequency hopping with or without multi-shot SRS

· Aperiodic sounding based on non-precoded DMRS

· RS enhancement for cell-edge UEs, e.g., Orthogonal DMRS among cells  
One of the objectives in this study item is to improve the cell-edge user throughput in uplink, and enhance the SRS flexibility and capacity. 
In this contribution, we discussed the DMRS and SRS enhancements, and further evaluate the SRS multiplexing capacity enhancement scheme using configurable RPF as proposed in [4]-[5]. 
2 SRS enhancements
In this section, we study the requirement for the multiplexing capacity of SRS firstly, and then discuss techniques for SRS capacity enhancements. 
2.1 Requirement for the Multiplexing Capacity of SRS
In LTE Rel-8, at most 16 SRSs with maximum SRS bandwidth can be multiplexed in each uplink sub-frame thanks to two transmission combs and eight usable cyclic shifts since UL SU-MIMO is not supported. While in LTE-A, due to SU-MIMO, each UE may be configured with multiple antennas, thereby the number of supportable UEs with SRS transmission in a sub-frame is decreased. For example, only four UEs would be supported in one uplink sub-frame when each of them is configured with four antennas and maximum SRS bandwidth, because four SRS resources are required for each UE. 
To provide additional SRS scheduling flexibility and potentially improve the SRS resource utilization, aperiodic SRS was introduced in R10. However, since aperiodic SRS shares resource with periodic SRS, the total cell specific physical SRS resource is kept the same with that in R8. 
The number of UEs having SRS transmission can be envisioned according to statement in [2] as follow.

The system should be able to support at least 300 active users without DRX in a 5 MHz bandwidth. The same number of RRC connections with DRX as in Release 8 E-UTRA and E-UTRAN (16k) is expected.
Obviously, it means the requirement for the number of UEs with SRS transmission in a sub-frame in LTE-A should be not less than that in LTE R8. However, this seems conflicting with the fact that LTE-A UEs supporting UL SU-MIMO may require multiple resources. Dynamic aperiodic sounding introduced in R10 has the potential to improve the utilization efficiency of the existing SRS resource, but does not address the question of whether current SRS capacity is sufficient for LTE-A features such as SU-MIMO and CoMP. In addition, R10 aperiodic SRS mechanism seems difficult to achieve timely aperiodic SRS scheduling on demand considering the potential collision between aperiodic and periodic SRS and the signalling flexibility. Furthermore, it can be expected that the number of SU-MIMO UE will dramatically increase and system should support more active users in R11 deployment scenarios, as a result, SRS resource will become very much scarcer. Hence, SRS capacity enhancement is still desirable.
2.2 Aperiodic sounding based on non-precoded DMRS
Sounding based on non-precoded DMRS was discussed in [3]. DMRS based SRS can not only increases the total multiplexing capacity for UL channel sounding, but also reduce the SRS inter-cell interference, thus, improving sounding quality also for other UEs using SRS. Furthermore, in many cases sounding quality obtained from DM RS can be better than that obtained from SRS. 
However, Performance evaluation is needed to consider the performance loss on channel estimation to PUSCH firstly, and then signalling type should be carefully designed considering low overhead. Moreover, in LTE-A the CoMP UE with DMRS based sounding will interfere with uplink channel of neighbour cell’s UE, it may need more coordination.
2.3  SRS RPF extension
In [4]-[5], it was proposed that introducing another SRS repetition factor, i.e. RPF=4, should be considered as complementary SRS capacity enhancement scheme, and the total number of cyclic shift should be consequently extended to 12 to ensure the shift is an integer number of samples. RPF extension is not only able to increase the SRS capacity in both code domain and frequency domain but also can facilitate the multiple cell SRS coordination. It has also been analyzed in [4] that using configurable RPF can reuse the R8 sounding procedure to most extent and the backward compatibility can be maintained by eNB scheduling. Main concern of introducing RPF =4 and/or more cyclic shifts would be whether it affects the accuracy of SRS based CQI estimation as RPF of 4 halves the SRS density in frequency domain than that of Rel-8. To evaluate the impact of CQI estimation, we simulate performance of UL SU-MIMO with SRS based channel sounding with different cyclic shift number and RPF value in TU channel and ITU Urban Macro channel. Simulation assumptions are tabulated in Table 2 and Table 3.
Mean Square Error for SRS estimation were showed in Figure 1 to Figure 4, and the corresponding system level results were given in table 1. 
From the results, it can be seen that:

(1) In the TU channel, when the system bandwidth is 1.25MHz and SRS bandwidth are fixed to 4RB, there are about 1% and 5% performance loss with 0 dB and 12dB interference intra cell.  

(2) In the ITU Urban Macro channel, channel estimation loss is less than that of TU Channel, and there are no significant performance loss with RPF of 4 compared to  R8’s configuration
Although there is performance loss in the environment of large delay spread when SRS bandwidth is 4RB, eNB could configure large CS separation to UEs within the cells with large delay spread to avoid interference, while configure small CS separation to UEs within the cells with small delay spread to enhance the SRS capacity, which can be achieved by implementation. 
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Figure 1, MSE for SRS estimation with different                        Figure 2, MSE for SRS estimation with different

RPF size and interference intra cell (8RB, UMa)                     RPF size and interference intra cell (4RB, UMa)
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Figure 3, MSE for SRS estimation with different                        Figure 4, MSE for SRS estimation with different

RPF size and interference intra cell (8RB, TU)                     RPF size and interference intra cell (4RB, TU)

Table 1  System evaluation results based on SRS estimation
	Channel model
	Bandwith
	RPF (Interference intra cell)
	Average System Spec Eff
	Average Cell edge Spec Eff

	UMa
	2.5MHz
	2   (0dB)
	1.5559
	0.0745

	
	
	4   (0dB)
	1.5524   (-0.22%)
	0.0744(-0.13%)

	
	1.25MHz
	2   (0dB)
	1.1724
	0.0618

	
	
	4   (0dB)
	1.1688   (-0.31%)
	00617(-0.16%)

	
	
	2   (12dB)
	0.6892
	0.0372

	
	
	4   (12dB)
	0.6839(-0.7%)
	0.0370(-0.54%)

	TU
	2.5MHz
	2   (0dB)
	1.3064
	0.0705

	
	
	4   (0dB)
	1.2937(-0.97%)
	0.0703 (-0.28%)

	
	1.25MHz
	2   (0dB)
	0.6630
	0.0361

	
	
	4   (0dB)
	0.6560(-1.05%)
	0.0356 (-1.38%)

	
	
	2   (12dB)
	0.6629
	0.036

	
	
	4   (12dB)
	0.6332(-4.48%)
	0.0341 (-5.28%)


3 DMRS enhancements
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Figure 5  UL CoMP in Heterogeneous deployments
UL CoMP performance gain can be found in [6]-[9], especially in heterogeneous deployments, which was showed in figure 5. In the heterogeneous scenario, the signals transmitted by UE 1 can be received stronger by Pico than by Macro. In UL CoMP, if  there is no coordination between cells, UL DMRS will be interfered by adjacent cell. There are some solutions to enhance the UL DMRS, e.g., shift coordination [10],   using same sequence group in all cells within the UL CoMP set[9]. However, these methods seem too complicated to implement, or impose additional scheduling restrictions over the cells. 
In order to achieve considerable UL CoMP gains, it is desirable to study the DMRS enhancement for cell-edge UE, such as orthogonal DMRS among cells with OCC, DMRS parameters coordination between cells. 
4 Conclusion
In this contribution, we discussed the UL DMRS and SRS enhancements. From the above discussion, we propose that:
· Configurable SRS RPF could be a simple solution to increase the sounding multiplexing capacity.
· In order to achieve considerable UL CoMP gains, it is desirable to study the DMRS enhancement for cell-edge UE, such as orthogonal DMRS among cells with OCC, DMRS parameters coordination between cells.
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Annex

Table 2  Link level simulation assumptions
	Parameter

	Assumption

	System bandwidth
	10MHz

	Channel model
	UMa, TU

	UE speeds
	30km/h

	Sounding bandwidth
	8, 4 RB

	Antenna configuration
	1x1

	Number of users by CDM
	4

	Total power of interference intra cell
	No, 0dB, 12dB

	Delta of cyclic shift between users
	· 2 when PRF is 2
· 3 when PRF is 4

	SRS estimation
	1、LMMSE(Ideal PDP)


Table 3   System level simulation assumptions
	Parameter

	Assumption

	Carrier Frequency 
	2.0 GHz

	Bandwidth
	2.5MHz, 1.25MHz

	Channel model
	ITU UMa/TU6

	Number of cells
	19

	Drops/TTI
	4/10000

	UE speeds 
	30km/h

	UE position
	Random dropping

	Antenna configuration 
	2x4

	Uplink power control
	Closed loop power control

	RB number of PUCCH
	4RB (2.5MHz), 2RB (1.25MHz)

	AMC target
	10% BLER at 1st packet 

	Scheduling Algorithm
	PF

	SRS process delay
	5ms

	SRs transmission period
	5ms
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