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1. Introduction
In RAN#68, the WID [1] on EBF/FD-MIMO has been approved for specifying the identified enhancements captured in TR [2] of the study item.  The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNodeBs.  One of the enhancements is related to SRS enhancement as stated in the following objective:
· Specify enhancements on reference signal in the following areas [RAN1]

· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority

In this contribution, we discuss the SRS enhancements for EBF/FD-MIMO in Rel-13 based on this conclusion.
2. Discussion 
2.1 Requirement for the SRS Capacity 
In LTE Rel-8, as UL SU-MIMO is not supported, at most 16 SRS with maximum SRS bandwidth can be multiplexed in each uplink sub-frame thanks to two transmission combs and eight usable cyclic shifts. While in Rel-10 LTE-A, due to SU-MIMO, each UE may be configured with multiple antennas, therefore the number of supportable UEs with SRS transmission in one subframe 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, as 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 Rel-10. However, since aperiodic SRS shares resources with periodic SRS, the total cell specific physical SRS resource is still the same as in Rel-8. As a result, it seems difficult to achieve timely on demand aperiodic SRS scheduling, considering the potential collision between aperiodic and periodic SRS and the signalling flexibility. 

In Rel-11, to obtain reliable SRS-based channel estimates in UL CoMP, it is beneficial to coordinate SRS scheduling among multiple cells. Orthogonal SRS among multiple cells can be achieved by the coordination of orthogonal codes sequence, time and frequency resource. It means that one CoMP UE may occupy certain SRS resources of multiple cells. As a result, SRS resource will become much scarcer than that in Rel-10. Hence, SRS capacity enhancement is still desirable. 

In Rel-13, as more users will be scheduled by eNodeB under the deployment of FD-MIMO.  SRS would be used not only for UL channel state estimation but also for DL CSI estimation when channel reciprocity is applied.  Requirement on SRS capacity would become higher. The SRS shortage could be alleviated by some solutions, such as increasing the code sequence and comb, sounding based on non-precoded DMRS, or precoded SRS.
2.2 SRS comb extension
SRS comb extension, i.e. 4 comb, namely RPF 4, can be considered as an 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. Comb 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. Configurable RPF can reuse the Rel-8 sounding procedure to most extent and the backward compatibility can be maintained by eNB scheduling. Introduction of 4 comb can affect the accuracy of SRS based CQI estimation.  On the other hand, with higher SRS capacity, there is less chance to have inter-cell SRS interference.  Also, if SRS resources are not enough, SRS periodicity of each UE has to be lower.  Higher SRS capacity can potentially decrease the CSI latency.   It would be beneficial for the network to obtain more MU gain especially when the network is highly loaded.   

To evaluate the impact of SRS comb extension, we obtain the MSE curves of SRS channel estimation with different comb value in UMi channel by link level simulation. Power boosting is considered for 4 comb case in link level evaluation. According to [3], “4 groups” corresponds to 2 SC-FDMA symbols and 2 comb per 5ms for SRS transmission is assumed for the baseline.  Here we use this assumption for 2 comb.   For 4 comb case, 8 groups can be assumed for SRS transmission such that the probability of inter-cell interference is reduced by half.   Table 1 shows the performance results of two cases. 
Table 1:  Simulation results for SRS comb 2 and comb 4  (8TXRUs, FTP, UMi) 

	Offered load(Mbps)
	SRS scheme
	RU
	Mean UE Throughput (Mbps)
	Gain
	50%-tile UE Throughput (Mbps)
	Gain
	5%-tile UE Throughput (Mbps)
	Gain

	20
	Baseline: 
SRS with

2 comb
	0.81
	19.98
	-
	15.15
	-
	2.24
	-

	
	SRS with

4 comb
	0.79
	20.64
	+3.3%
	15.94
	+5.2%
	2.57
	+15%


Table 2:  Simulation results for SRS comb 2 and comb 4  (32TXRUs, FTP, UMi) 

	Offered load(Mbps)
	SRS scheme
	RU
	Mean UE Throughput (Mbps)
	Gain
	50%-tile UE Throughput (Mbps)
	Gain
	5%-tile UE Throughput (Mbps)
	Gain

	24
	Baseline: 
SRS with

2 comb
	0.68
	26.29
	-
	22.99
	-
	4.70
	-

	
	SRS with

4 comb
	0.66
	27.03
	+3%
	24.10
	+5%
	5.21
	+11%


From the above simulation results, it can be observed that there is performance gain in 3D UMi homogeneous scenario.   Introduction of 4 comb can increase the SRS capacity and hence reduce the chance of inter-cell SRS interference. 

Proposal 1: SRS comb extension should be considered to increase SRS capacity.
2.3 Backward compatibility for SRS comb extension 
The problem of backward compatibility mainly comes from the length difference of SRS sequences between users with different RPF configuration while occupying the same bandwidth. When legacy LTE UE and LTE-A UE with comb 4 are transmitting SRSs using the same transmission comb, the orthogonality between two sequences will be destroyed due to the sequence length difference, and result in large interference. In practice, this problem could be avoided by scheduling. The transmission of SRSs from LTE UE and LTE-A UE with RPF of four could be configured in different subframe and/or different transmission comb, and thus be separated through TDM and/or FDM. Figure 1 and Figure 2 give the examples of multiplexing legacy LTE UE and LTE-A UE through TDM and FDM, respectively.
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Figure 1 Multiplexing of RPF 2 users and RPF 4 users in time domain
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Figure 2 Multiplexing of RPF 2 users and RPF 4 users in frequency domain

2.4 Signaling for SRS comb extension
From the signalling aspects, only minor modification is needed: one bit signalling is needed to indicate whether RPF=4 or RPF=2 should be used and one more bit is required to indicate the transmission comb assigned to a certain UE together with one existing bit. Considering the backward compatibility to LTE Rel-8 network, the value of RPF should be configurable. When LTE-A UE operates in an LTE network, since no indicator of applying RPF=4 would be received, it will transmit SRS using RPF=2 by default. 
Furthermore, since the total number of cyclic shift should be extended to 12, one more bit signalling is required to indicate 12 cyclic shifts together with the three existing bits. 
2.5 Randomization on SRS transmission comb
To avoid the case of persistent collision of the SRS resources between two UEs, hopping pattern can be introduced to randomize the selection of SRS transmission comb.
For the current SRS, the initial position is:
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where 
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 is the parameter transmissionComb provided by higher layers for the UE. 
After enhancements
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Proposal 2: Randomization on SRS transmission comb can be considered to avoid the case of persistent collision of the SRS resources between two UEs.
2.6 Increasing the number of UpPTS symbols for SRS
In legacy TDD system, one or two UpPTS symbols in special subframe can be configured to transmit SRS. To improve SRS capacity, there are two alternatives to increase the number of UpPTS symbols for SRS as follows. 
· Alt 1: Increasing the number of UpPTS symbols for SRS by decreasing the number of DwPTS symbols. 
UpPTS1 in figure 3 is newly increased symbols for SRS by decreasing the number of DwPTS symbols. GP is remained the same as in legacy TDD system.
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Figure 3 Increasing the number of UpPTS for SRS by deceasing the symbol number of DwPTS

· Alt 2: Increasing the number of UpPTS symbols by decreasing the GP in some scenario. 
Alt 1 can be configured in the cell with wide cell coverage, it may reduce DL throughput but more UpPTS symbols can be configured to improve SRS capacity. Alt 2 can be configured in dense cell deployment where only small guard period is required.
Proposal 3: Increasing the number of UpPTS symbols for SRS can be considered to improve SRS capacity in Rel-13. 
3. Conclusion
In this contribution, we discuss the potential SRS enhancements for Rel-13. From the above discussion, we have the following proposals:
Proposal 1: SRS comb extension should be considered to increase SRS capacity.
Proposal 2: Randomization on SRS transmission comb can be considered to avoid the case of persistent collision of the SRS resources between two UEs in different cells
Proposal 3: Increasing the number of UpPTS symbols for SRS can be considered to improve SRS capacity in Rel-13.
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Appendix
Table A.1: System level simulation assumption

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	System bandwidth
	10 MHz

	Channel Model
	 3D-UMi 

	Tx Power
	43dBm 

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: 32Tx cross-polarized antenna

Receiver: 2Rx/4Rx cross-polarized antenna at UE

	CQI/PMI reporting interval and frequency granularity
	5ms for CQI/PMI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of transmissions
	4

	Traffic model
	FTP model 1, File size is 0.5 MByte
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