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1 Introduction
This paper provides the evaluation of LTE Rel.8 and LTE-A features in Rel.10 targeting to satisfy the 3GPP requirement defined in [1] in 3GPP Case1 scenario for TDD and FDD, which shows that:
· For uplink of FDD and TDD: LTE with Rel.8 SIMO can just fulfil the 3GPP uplink 1x2 requirement in 3GPP Case1; LTE-A SU-MIMO can just reach the 3GPP uplink 2X4 requirement. 
· For downlink of FDD 10MHz and TDD 20MHz, with 3 OFDM symbols CCH: LTE Rel.8 cannot meet the 3GPP downlink requirements of 2x2, 4x2 and 4x4. Therefore, LTE-A features are introduced to satisfy the 3GPP downlink requirements:
· Intra-site CoMP JP, also called as multi-cell coherent MU-MIMO, with realistic assumptions and 6bit codebook quantized feedback in FDD, is capable to exceed the 3GPP downlink requirements in Case1, for both 2x2, 4x2 and 4x4 antenna configurations; CoMP JP with SRS-based CSI measurement in TDD can achieve better performance for all the antenna configurations.
· Intra-site CoMP CBF, also called as MU-MIMO with multi-cell coordination, with ideal feedback, can just fulfil the 3GPP requirement with a small margin in both FDD and TDD. Whether it is enough to satisfy all the requirements of 2x2, 4x2 and 4x4 with realistic feedback scheme in FDD needs further evaluation.
2 Uplink performance evaluation for 3GPP Case1

A summary of the uplink 3GPP requirement and LTE/LTE-A performance for FDD 10MHz and TDD 20MHz configuration 1 (DL:UL=3:2) are presented in Table 1. All of the transmission schemes assume sub-band non-codebook based precoding, with the 5ms feedback period and 4ms processing delay.
It shows that uplink cell spectral efficiency and cell edge user spectral efficiency just fulfil the 3GPP targets both in FDD and TDD, with SIMO for 1x2 antenna configuration, and SU-MIMO for 2x4 antenna configuration. Considering the potential increased feedback overhead to support the advanced LTE-A downlink transmission, more enhancements in uplink are needed for further evaluation to reach a higher throughput.
Table 1. FDD and TDD Uplink spectral efficiency in 3GPP Case1
	Minimum technical requirements item
	Antenna Configuration
	3GPP
requirement
	FDD Evaluated LTE/LTE-A performance
	TDD Evaluated LTE/LTE-A performance

	Cell spectral efficiency (bit/s/Hz/cell)
	1x2
	1.2
	1.23
	1.20

	
	2x4
	2.0
	2.33
	2.16

	Cell edge user spectral efficiency (bit/s/Hz/cell)
	1x2
	0.04
	0.04
	0.04

	
	2x4
	0.07
	0.07
	0.08


3 Downlink performance evaluation for 3GPP Case1 
A summary of the downlink 3GPP requirement and LTE/LTE-A performances are presented in Table 2 and Table 3 for FDD and TDD respectively. 
· It can be observed that LTE Rel.8 can not reach the 3GPP requirements in all the antenna configurations both in FDD and TDD, including 2x2, 4x2 and 4x4. 
· To reach the 3GPP downlink targets, LTE-A features with intra-site CoMP CBF and JP, both with MU-MIMO, are evaluated. For FDD, CoMP JP is based on a realistic codebook based adaptive feedback scheme [2] with 6bits per subband per cell; while for TDD, CoMP JP applies the UL SRS-based CSI measurement without any quantization impact. Due to time limit, CoMP CBF is still based on ideal feedback assumption, which is only realistic for TDD, while the FDD CBF results are just for the initial reference and will be updated later. 
Results in Table 2 and 3 show that the 3GPP targets are reached with downlink intra-site CoMP JP with significant gain, even with realistic codebook-based feedback in FDD. CoMP CBF with ideal feedback can also satisfy the 3GPP requirements in both FDD and TDD. 
There were discussions during ITU evaluation on the downlink overhead of CCH, implies 20MHz (TDD) may require fewer OFDM symbols in CCH than 10MHz (FDD) to serve the same number of UEs (10) per cell. If taken that into account, the values of Rel.8 in Table 3 will increase and be around to the 3GPP requirements.
Table 2. FDD downlink spectral efficiency evaluation in Case1 
	Minimum technical requirements item
	Antenna Configuration
	3GPP
requirement
	LTE Rel.8 SU-MIMO
	Intra-site CoMP CBF ideal feedback
	Intra-site CoMP JP
6bits per sub-band feedback

	Cell spectral efficiency (bit/s/Hz/cell)
	2x2
	2.4
	2.22
	2.53
	2.71

	
	4x2
	2.6
	2.48
	3.27
	4.08

	
	4x4
	3.7
	3.44
	4.23
	5.65

	Cell edge user spectral efficiency (bit/s/Hz/cell)
	2x2
	0.07
	0.09
	0.09
	0.12

	
	4x2
	0.09
	0.11
	0.13
	0.17

	
	4x4
	0.12
	0.16
	0.25
	0.29


Table 3. TDD downlink spectral efficiency evaluation in Case1 
	Minimum technical requirements item
	Antenna Configuration
	3GPP
requirement
	LTE Rel.8 SU-MIMO
	Intra-site CoMP CBF
SRS-based CSI
	Intra-site CoMP JP

SRS-based CSI

	Cell spectral efficiency (bit/s/Hz/cell)
	2x2
	2.4
	2.12
	2.63
	2.96

	
	4x2
	2.6
	2.34
	3.40
	4.57

	
	4x4
	3.7
	3.21
	4.31
	6.47

	Cell edge user spectral efficiency (bit/s/Hz/cell)
	2x2
	0.07
	0.09
	0.10
	0.12

	
	4x2
	0.09
	0.10
	0.14
	0.18

	
	4x4
	0.12
	0.15
	0.23
	0.32


4 Conclusions
This contribution evaluates LTE/LTE-A performances in 3GPP Case1 scenario, which are summarized as below:

· For FDD and TDD uplink: 3GPP requirement of uplink 1x2 is fulfilled by LTE with Rel.8 SIMO, and the requirement of uplink 2x4 is fulfilled by LTE-A SU-MIMO. In both cases, there are hardly margins left, thus LTE-A UL feature should be evaluated in the future.

· For FDD/TDD downlink with 3 OFDM symbols CCH: LTE Rel.8 cannot meet the 3GPP downlink requirements of 2x2, 4x2 and 4x4 antenna configurations. LTE-A features are introduced to satisfy the 3GPP downlink requirements:

· CoMP JP in FDD, with realistic codebook quantized feedback 6bits per subband per cell, is capable to exceed the 3GPP downlink requirements in Case1, for both 2x2, 4x2 and 4x4 antenna configurations; CoMP JP in TDD can achieve higher throughput with SRS-based CSI measurement, thanks to the DL/UL channel reciprocity.
· CoMP CBF, with ideal feedback, can just fulfil the 3GPP requirement with a small margin, which is quite valid for TDD due to the DL/UL channel reciprocity. Whether it is enough to satisfy all the requirements of 2x2, 4x2 and 4x4 in FDD with realistic feedback scheme needs further evaluation.
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Appendix: Assumptions and Models
The detailed evaluation assumptions for calibration as in Table 4, and default assumptions are aligned with the guidelines provided by 3GPP in TR 36.814 [1]:
Table 4. System models and assumptions for FDD in Case1
	Parameters
	Assumptions

	Scenarios
	3GPP Case1

	Duplex method and bandwidths
	FDD:  10MHz DL, 10 MHz UL
TDD:  20 MHz, configuration 1: DL:UL=3:2
Special subframe: DwPTS 11symbol, GP 1 symbol, UpPTS 2 symbol,

	Handover margin
	1.0 dB

	Downlink transmission scheme 
	LTE Rel.8:

SU-MIMO: closed loop spatial multiplexing (transmission mode 4 [36.213])
LTE-A: 
Intra-site CoMP JP; 

Intra-site COMP CBF;

	Downlink scheduler
	PF

	Downlink HARQ scheme
	HARQ-IR

	Downlink receiver type
	MMSE

	Uplink transmission scheme
	LTE Rel.8 SIMO for 1 x 2;
LTE-A SU-MIMO for 2X4.

	Uplink scheduler
	PF, with contiguous resource allocation.

	Uplink Power control
	Open loop, as in TS36.213, with fractional pathloss compensation and P0 fitted to the environment; Iot<10dB

	Uplink HARQ scheme
	HARQ-IR

	Uplink receiver type
	MMSE

	link adaptation
	LTE Rel.8:

Non-ideal, CQI measurement error: N(0,1dB) per half-PRB.
CQI: 4ms delay 5ms period; PUSCH-based feedback, mode 3-1, sub-band PMI.
LTE-A:
Non-ideal, CQI measurement error: N(0,1dB) per half-PRB.
FDD: CQI: 4ms delay 5ms period; PUSCH-based feedback, mode 3-1, sub-band PMI.
TDD: CQI: 4ms delay 10ms period; PUCCH-based feedback,.
SINR estimation with 5ms SRS period and 4ms delay.
.

	CSI assumption at eNB
	Rel.8 PMI for SU-MIMO;
CoMP JP: long-term channel covariance matrix plus short-term codebook-based CSI quantization 6bits per sub-band [2]
CBF: short-term sub-band CSI, no quantization

	Antenna configuration
base station
	DL & UL:
c)  Correlated and co-polarized, 0.5 wavelengths between antennas
(illustration for 4 Tx: |||| )

	Antenna configuration  UE
	Vertically-polarized, with 0.5 lambda spacing

	Channel estimation
	Non-ideal 

	Overhead assumption. 
	For Rel.8:

DL overhead: 3 symbols for DL CCHs, Antenna Port 0~3 CRS;

UL overhead: 6/8 PRBs for feedback in FDD(10MHz)/TDD(20MHz) (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 1 OFDM symbol SRS per 5ms for FDD; 2 OFDM symbols SRS per 5ms for TDD.
For LTE-A:

DL overhead aligned with ITU evaluation: 3 symbols for DL CCHs; Antenna Port 0&1 CRS in normal subframe and no CRS in MBSFN subframe, 0.98% CSI-RS overhead, DM-RS with 12 REs per PRB. 













































































