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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In 3GPP RAN #65 meeting, a new study item (SI) on EBF and Full Dimension MIMO (FD-MIMO) was approved for Release 13 [1].  Reciprocity based operation is sensible for 3D-MIMO system, because the feedback overhead does not scale with number of Tx antenna, i.e., CSI reporting overhead and CSI-RS transmission overhead maintains the same even if the number of transmit antenna increases. Details and suggestions on potential spec impact for reciprocity based operation are discussed in [2].
This contribution gives both link level and system level simulation results for SRS enhancements.
2. Possible SRS enhancements
SRS is usually transmitted using UpPTS which consists of 2 SC-FDMA symbols in TD-LTE network with uplink-downlink configuration 1&2. Besides, each SC-FDMA symbol has two combs to transmit SRS, and each comb contains 8 cyclic shifts to carry 8 orthogonal users. Considering the performance degradation of using all 8 cyclic shifts for one comb, only 4 cyclic shifts are usually used in implementation. Thus, every 5ms can support at most 16 orthogonal SRS. 
For 1Tx SRS at UE side, there are maximally 16 UEs can transmit wideband SRS every 5 ms, which is likely enough from SRS capacity perspective. For 2Tx SRS at UE side, there are maximally 8 UEs that can transmit wideband SRS every 5 ms, in which case certain SRS capacity enhancement may be beneficial. Such enhancement may include such as extending SRS resource to last two OFDM symbols, using UL DMRS REs, etc. Due to time and resource limitation, SRS capacity enhancement is not evaluated in this contribution.
Another potential area of SRS enhancement is to reduce SRS inter-cell-interference and increase SRS transmit power, mainly to improve cell edge performance. Increasing comb from 2 to 4 can help in this area, in which transmit power per RE can be doubled with same SRS bandwidth.  Meanwhile, the probability of SRS collision is also half as before because SRS in different comb would not collide with each other. In the following sections we evaluate performance gain of RFP from 2 to 4.
3. Evaluations of SRS enhancement of RPF=4
Here, both link level and system level simulation results are provided to see the performance with SRS RPF 4.
3.1.  Link level evaluation
 UMi channel model is applied in LLS with 1 transmit antenna and 1 receive antenna assumption. The system bandwidth is 10MHz and channel estimation is based on LMMSE. MSE curves with different SRS bandwidth, RPF and power are depicted in Fig.1.
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Fig. 1. MSE curves of different SRS transmission schemes
From Fig.1, we can see that while there is only 1 user transmitting on the SRS resource (i.e. only 1 cyclic shift is used), RPF 4 has almost the same MSE performance with RPF 2. If there are 4 users transmitting on the same SRS resource (i.e. 4 cyclic shifts are used), the MSE performance of increasing RPF from 2 to 4 with SRS bandwidth increasing from 8RB to 16RB seems acceptable, while RPF 4 with 8 RB plus power boosting has a non-ignorable performance loss. When wider bandwidth like 24RB is used for SRS transmission, RPF 4 has almost the same MSE performance with RPF 2 even when 4 cyclic shifts are used.
Observation 1:
For wider band SRS transmission like more than 16RB, RPF 4 has almost the same MSE performance with RPF 2, assuming 4 cyclic shifts are used.
3.2 System level evalutaion
SLS results of SRS enhancement are shown in this section, antenna configuration (8,4,2,64) with one-to-one mapping is applied in the simulation. The SRS channel estimation error is modeled following [3], where RPF 2 means SRS transmission of 1/4 inter-cell users are considered as interference and RPF 4 means the probability of inter-cell SRS collision is 1/8. As discussed before, SRS transmission is not only from DL active users, but also from UL active users, thus doubled SRS collision probability is treated as considering SRS from UL users. Table 1 and Table 2 give the system level simulation results of SRS enhancement using Full Buffer traffic model and FTP traffic model, respectively. 
Table 1. System level simulation results using full buffer traffic model
	
	RPF 2
	RPF 4

	UMi
	Cell average (bps/Hz)
	2.31939
	2.36709

	
	Cell edge (bps/Hz)
	0.13356
	0.16524

	UMa
	Cell average (bps/Hz)
	2.0790 
	2.1330 

	
	Cell edge (bps/Hz)
	0.0486 
	0.0729 



Table 2. System level simulation results using FTP traffic model (λ= 6)
	
	Only DL active users transmit SRS
	Consider SRS transmission also from UL users 

	
	RPF 2
	RPF 4
	RPF 2
	RPF 4

	UMa
	5% UPT(Mbps)
	5.87 
	6.74 
	4.72 
	5.87 

	
	50% UPT(Mbps)
	18.81 
	22.69 
	16.96 
	18.81 

	
	Mean UPT(Mbps)
	23.57 
	26.94 
	22.02 
	23.57 

	
	RU
	63%
	59%
	68%
	63%



From Table 1, we can see that SRS with RPF 4 can improve average cell throughput by 2%~3% and cell edge throughput by 24%~50% compared to SRS with RPF 2 while using full buffer traffic model.
From Table 2, we can see that if SRS transmission only from DL active users, SRS with RPF 4 can improve 5%, 50% and mean UPT by 15%, 21% and 14% compared to SRS with RPF 2, respectively. If other users also transmit SRS, SRS with RPF 4 can improve 5%, 50% and mean UPT by 14%, 11% and 7% compared to SRS with RPF 2, respectively. Besides, RU is reduced by 5%~6% while adopting RPF 4.
Observation 2:
Compared to SRS with RPF 2, SRS with RPF 4 can greatly improve system performance due to lower probability of inter-cell SRS collision.
4. Conclusion
This contribution gives both link level and system level simulation results for SRS enhancements with increasing RPF from 2 to 4. Following observations are made.
Observation 1:
For wider band SRS transmission like more than 16RB, RPF 4 has almost the same MSE performance with RPF 2, assuming 4 cyclic shifts are used.
Observation 2:
Compared to SRS with RPF 2, SRS with RPF 4 can greatly improve system performance due to lower probability of inter-cell SRS collision.
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Annex
Table 1 : Link Level Evaluation Assumptions
	Parameters
	Values

	Homogeneous scenarios
	3D-Umi ISD 200m

	System bandwidth
	10MHz (50 PRBs)

	Carrier Frequency 
	3D-Umi ISD 200m: 2GHz

	UE Speed 
	3km/h

	Number of antenna
	1 Tx and 1 Rx

	Channel estimation
	LMMSE



Table 2: System Level Evaluation Assumptions 
	Parameters
	Values

	Homogeneous scenarios
	3D-Uma ISD 500m, 3D-Umi ISD 200m

	Polarized antenna modeling
	Model-2 from 36.873

	Traffic model 
	Fullbuffer, FTP 1

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2GHz

	Downtilt
	3D-Uma ISD 500m: 100 degree
3D-Umi ISD 200m: 100 degree

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Duplex Mode
	TDD 

	Feedback 
	PUSCH 3-0 for reciprocity based operation

	
	CQI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	SRS
	2Tx, 10 ms periodicity, wideband

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP)

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)



Table 3: BS Antenna Configuration 
	Parameter
	Values

	Number of columns (N)
	4

	Antenna Polarization (P)
	P = 2: cross-pol (eNB: +/- 45 deg, UE: 0/90 deg)

	Horizontal antenna element spacing dH
	0.5λ

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	8 dBi

	Vertical antenna element spacing and Number of antenna elements with the same polarization in each column (dV , M)
	(0.8 λ, 8) 
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