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1. Introduction
This contribution summarizes the first set of TDD system downlink evaluation of both LTE R8 and LTE-A R10 in ITU required scenarios from some companies which are interested in the TDD evaluation with some advanced features, corresponding to the proposed assumptions and the R10 features for TDD evaluation in [1].

Few companies have submitted the preliminary cell spectrum efficiency evaluation for LTE R8 FDD system in RAN1 #57 and in the first set of step 2 summary [2][3]. The corresponding TDD evaluations in this contribution show the same conclusion, i.e.:
1) The LTE R8 performance in UMi & UMa scenarios can not fulfill the corresponding ITU requirements;
2) Some LTE-A features can be used to improve the performance in UMi & UMa scenarios, and recommend to use MU-Beamforming with 8 transmit antennas, or adopt CoMP joint processing with 4 transmit antennas.
2. Summary of DL TDD step2 Results
Table 1. Downlink results of LTE TDD R8 in ITU scenarios
	Minimum technical requirements item
	scenario
	ITU

required value
	4x2 spacial multiplexing  performance
(Ant. config. a)
	8x2 single-stream beamforming performance
(Ant. config. e)

	Cell spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	3
	4.10 (36.66%)
	-

	
	Urban Micro
	2.6
	1.89 (-27.30%)
	2.17 (-16.54%)

	
	Urban Macro
	2.2
	1.44 (-34.54%)
	1.86 (-15.45%)

	
	Rural Macro
	1.1
	1.92 (74.54%)
	2.08 (89.09%)

	Cell edge user spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	0.1
	0.180 (80.00%)
	-

	
	Urban Micro
	0.075
	0.051 (-32.00%)
	0.074 (-1.33%)

	
	Urban Macro
	0.06
	0.037 (-38.33%)
	0.070 (16.67%)

	
	Rural Macro
	0.04
	0.054 (35.00%)
	0.080 (100.00%)


Current results of LTE R8 TDD indicate the same conclusion as LTE R8 FDD:

1) The LTE release 8 baseline configurations can satisfy the downlink spectral efficiency requirements in the Indoor Hotspot and Rural Macro scenarios easily, but do not fulfill the downlink spectral efficiency requirements in the Urban Micro and Urban Macro scenarios. 
2) For TDD system, single-layer beam-forming with 8 antennas can increase system performance, and can satisfy the ITU requirements in all the scenarios other than Urban Micro and Urban Macro scenarios. Individual results show that dual-layer beamforming with 8 antennas can further improve the system performance and the gap to the ITU requirements is small.
3) In order to fulfil the requirements of ITU in the problematic scenarios (UMi and UMa), it’s suggested to use some advanced LTE-A features in the ITU evaluation, including extending to 8 transmit antennas at the base station with MU- Beamforming transmission, or advanced CoMP joint processing with 4 transmit antennas. With channel reciprocity as one specific and inherent feature for TDD, CoMP and MU- Beamforming can be smoothly supported in TDD system, without challenging requirement on feedback overhead in UL.
3. Performance of CoMP and MU-Beamforming in ITU submission scenarios

The LTE-A TDD DL features, MU-Beamforming with 8x2 and CoMP with 4x2 antenna configuration, are evaluated. The averaged results in ITU UMi and UMa scenarios among multiple companies are listed in Table 2, which shows that both MU-Beamforming with 8 transmit antennas and CoMP joint processing with 4 transmit antennas at base station can exceed the ITU requirements in both UMi and UMa scenarios. 
Table 2. Downlink results of LTE TDD R10 in ITU scenarios
	Minimum technical requirements item
	scenario
	ITU

required value
	MU- Beamforming (8x2)
(Ant. config. e)
	CoMP(4x2)
(Ant. config. e)

	
	
	
	Evaluation performance
	The ratio of performance exceed over Required
	Evaluation performance
	The ratio of performance exceed over Required

	Cell spectral efficiency(bit/s/Hz/cell)
	Urban Micro
	2.6
	3.33
	28.08%
	3.43
	31.92%

	
	Urban Macro
	2.2
	2.83
	28.64%
	2.68
	21.8%

	Cell edge user spectral efficiency(bit/s/Hz/cell)
	Urban Micro
	0.075
	0.085
	13.33%
	0.075
	0.00%

	
	Urban Macro
	0.06
	0.071
	18.33%
	0.066
	10%


4. Conclusion

This contribution summarizes the first set of TDD system downlink evaluation of both LTE R8 and LTE-A R10 in ITU required scenarios from some companies which are interested in the evaluation of TDD LTE-Advanced with some advanced features. The results indicate that the LTE release 8 baseline configurations fulfill the downlink spectral efficiency requirements in the Indoor Hotspot (InH) and Rural Macro (RMa) scenarios. Same as LTE release 8 FDD, LTE-A advanced features are needed to fulfill the downlink spectral efficiency requirements in the Urban Micro and Urban Macro scenarios. Extending to 8 transmit antennas at base station with MU- Beamforming transmission is believed to reach a very competitive performance for TDD system. In addition, advanced CoMP joint procession scheme is also attractive to make it possible for the 4 transmit antenna configuration to reach the ITU requirements in both Urban Micro and Urban Macro scenarios.
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Parameters

				R1-092849				huawei				CMCC				CATT				RITT

		Parameter		Value used for release 8 evaluation		Value used for beyond release 8		Rel 8		Beyond rel 8		Rel 8		Beyond rel 8		Rel 8		Beyond rel 8		Rel 8		Beyond rel 8

				('Baseline' values may be replaced by company specific values)		(LTE-A TDD) evaluation														Aligned with guidelines

		General		Parameters and assumptions not				Aligned with guidelines				Aligned with guidelines				Aligned with guidelines

				explicitly stated here according to

				ITU guidelines M.2135 and 3GPP specifications																10MHz for TDD

		Duplex method		FDD 10+10MHz except InH with 20+20MHz		DWPTS 11: GP:1 UpPTS 2		20MHz for TDD				10MHz for TDD				10MHz for TDD		20MHz for TDD

				TDD 20MHz (2 DL, 2UL, DwPTS 12, GP 1, UpPTS 1)		Sounding period 5ms														Synchronized

		Network synchronization		Synchronized				Synchronized				Synchronized				Synchronized				1dB

		Handover margin		1dB				1dB				1dB				1dB				Aligned with guidelines

		Downlink transmission scheme		Baseline:  4x2 MIMO closed loop precoding spatial multiplexing, 8x2 MIMO, single stream beamforming (transmission mode 7)		a) Multi-user beamforming (dual layer beamforming with each layer for one user in a single sector, 8 Tx antennas).		Aligned with guidelines				Aligned with guidelines				Code-Book in antenna a),  d)
None-Codebook in antenna e)		MU-MIMO

						b) Coordinated beamforming and scheduling

						c) Coherent joint transmission CoMP

						SSRS based non-codebook precoding for all above cases.
 (“a)” is the baseline due to its high throughput and low complexity and cost)														PF

		Downlink scheduler		Baseline: Proportional Fair in Time and Frequency		Aligned with transmission scheme		PF				PF				PF				Non-ideal
Downlink: CQI: 6ms delay(from CRS transmission to PDSCH transmission),5ms period;PUSCH-based feedback, mode 3-1, wideband PMI
CQI measurement error,N(0,1dB) per half-PRB

		Downlink link adaptation		Non-ideal, based on CQI/PMI/RI reports. Reporting mode and period selected according to scheduler and MIMO transmission scheme.		CQI with 5ms periodicity		Non-ideal
Downlink: CQI: 4ms delay 5ms period;PUSCH-based feedback, mode 3-1, wideband PMI
CQI measurement error,N(0,1dB) per half-PRB				Non-ideal
Downlink: Aligned with guidelines
Uplink:10ms SRS period				Non-ideal
Downlink: CQI: 4ms delay 5ms period;PUSCH-based feedback, mode 3-1, wideband PMI
CQI measurement error,N(0,1dB) per half-PRB

				Reporting delay and MCSs based on LTE transport formats  according to [36.213]		Minimum CQI delay: n+6 ms; (from CRS transmission to PDSCH transmission);

				Baseline: Non-frequency selective PMI and frequency selective CQI with 5ms periodicity, CQI measurement error: N(0,1) per PRB		SRS period:5ms

						Minimum SRS delay: n+3 ms (from SRS transmission to PDSCH transmission).

		Downlink HARQ scheme						IR		CC		CC				CC				IR

		Downlink receiver type		Baseline: MMSE				MMSE				MMSE				MMSE

		Antenna configuration		Baselines		For submission:		a),c),e)		e)				e)		a), d), e)		e)

		base station		a) Uncorrelated co-polarized:		Indoor: d)

				Co-polarized antennas separated 4 wavelengths		Others: e)

				(illustration for 4 Tx: |         |          |          |)		For reference:

						All scenarios: a)

				b) Grouped co-polarized:

				Two groups of co-polarized antennas. 10 wavelengths between center of each group. 0.5 wavelength separation within each group

				(illustration  for 4 Tx: ||          || )

				c) Correlated: co-polarized:

				0.5 wavelengths between antennas

				(illustration for 4 Tx: |||| )

				d) Uncorrelated cross-polarized:

				Columns with +-45deg  linearly polarized antennas

				Columns separated 4 wavelengths

				(illustration for 4 Tx: X    X)

				e) Correlated cross-polarized

				Columns with +-45deg  linearly polarized antennas

				Columns separated 0.5  wavelengths

				(illustration for 8Tx: XXXX)

				Mapping to deployment scenarios: test at least configuration a  or d for all scenarios

		Antenna configuration  UE		Baseline:

				Vertically polarized antennas

				0.5 wavelengths separation at UE

				Alternative

				Columns with linearly polarized orthogonal antennas

				0.5 wavelengths spacing between columns

		Channel estimation		Baseline: ideal

				Target: Non-ideal

				Note!  Consider both estimation errors both for demodulation reference signals and sounding reference signals												Ideal

		Control channel and reference signal overhead, Acknowledgements etc.		Overhead for CRS and antenna port 5 according to DL transmission scheme		UL overhead for CSI feedback and SRS transmission according to transmission scheme should be factored into the uplink results for the same scenarios.										DL overhead:		8PRBs for PUCCH(ACK/NAK, CQI)

						DL overhead for additional DRS if used.										3 OFDM symbols for DL CCHs,

						No PMI/RI reporting overhead for TDD due to SRS transmission, e.g.										CRS for antenna ports 0 – 3 with antenna configuration a) and d),

				Baseline: L=3 symbols for DL CCHs		TDD:  12 PRBs in 20MHz bandwidth for CQI/ACK feedback. The same PUCCH overhead for MU-BF case.										CRS for antenna port 0 – 1 and 12REs/PRB for DRS with antenna configuration e).

																UL overhead:

																4 PRBs for PUCCH (ACK/NAK, CQI, PMI),

		Feedback and control channel errors		Baseline: None												2 OFDM symbols for DMRSs per subframe,

																1 OFDM symbol for SRS per 5ms.
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				Config				Requirement

										Huawei		CMCC		CATT		RITT

		Downlink spectral efficiency		Rel-8 Uncorr (4x2 codebook)		Cell avg		3		3.86		4.58		4.02		3.92

						Cell-edge		0.1		0.194		0.157		0.184		0.183

				Rel-8 Grouped (4x2 codebook)		Cell avg		3

						Cell-edge		0.1

				Rel-8 Corr (4x2 codebook)		Cell avg		3		3.87

						Cell-edge		0.1		0.186

				Rel-8 X-pol uncorr (4x2 codebook)		Cell avg		3						3.74		3.91

						Cell-edge		0.1						0.172		0.173

				Rel-8 X-pol corr (4*2 codebook)		Cell avg		3

						Cell-edge		0.1

				Rel-8  X-pol corr (8x2 single-layer beamforming)		Cell avg		3

						Cell-edge		0.1

				Rel-8  X-pol corr (8x2 dual-layer beamforming)		Cell avg		3

						Cell-edge		0.1
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				Config				Requirement

										Huawei		CMCC		CATT		RITT

		Downlink spectral efficiency		Rel-8 Uncorr (4x2 codebook)		Cell avg		2.6		1.90		1.84		1.97		1.86

						Cell-edge		0.075		0.058		0.039		0.063		0.045

				Rel-8 Grouped (4x2 codebook)		Cell avg		2.6

						Cell-edge		0.075

				Rel-8 Corr (4x2 codebook)		Cell avg		2.6		2.08

						Cell-edge		0.075		0.066

				Rel-8 X-pol uncorr (4x2 codebook)		Cell avg		2.6						1.96

						Cell-edge		0.075						0.061

				Rel-8 X-pol corr (4*2 codebook)		Cell avg		2.6		2.12

						Cell-edge		0.075		0.066

				Rel-8  X-pol corr (8x2 single-layer beamforming)		Cell avg		2.6		2.05				2.43		2.0302

						Cell-edge		0.075		0.085				0.083		0.054

				Rel-8  X-pol corr (8x2 dual-layer beamforming)		Cell avg		2.6						2.89

						Cell-edge		0.075						0.076

				Beyond rel-8 - MU-BF 8tx		Cell avg		2.6		3.51		3.45		3.31		3.03

						Cell-edge		0.075		0.096		0.078		0.087		0.079

				Beyond rel-8 - joint processing CoMP 4tx		Cell avg		2.6		3.43

						Cell-edge		0.075		0.075
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				Config				Requirement

										Huawei		CMCC		CATT		RITT

		Downlink spectral efficiency		Rel-8 Uncorr (4x2 codebook)		Cell avg		2.2		1.48		1.60		1.36		1.30

						Cell-edge		0.06		0.049		0.036		0.039		0.023

				Rel-8 Grouped (4x2 codebook)		Cell avg		2.2

						Cell-edge		0.06

				Rel-8 Corr (4x2 codebook)		Cell avg		2.2		1.75

						Cell-edge		0.06		0.061

				Rel-8 X-pol uncorr (4x2 codebook)		Cell avg		2.2						1.21

						Cell-edge		0.06						0.037

				Rel-8 X-pol corr (4*2 codebook)		Cell avg		2.2		1.52

						Cell-edge		0.06		0.059

				Rel-8  X-pol corr (8x2  single-layer beamforming)		Cell avg		2.2		1.86				1.87

						Cell-edge		0.06		0.078				0.061

				Rel-8  X-pol corr (8x2 dual-layer beamforming)		Cell avg		2.2						2.13

						Cell-edge		0.06						0.057

				Beyond rel-8 - MU-BF 8tx		Cell avg		2.2		3.11		2.95		2.73		2.54

						Cell-edge		0.06		0.093		0.062		0.064		0.066

				Beyond rel-8 - joint processing CoMP 4tx		Cell avg		2.2		2.68

						Cell-edge		0.06		0.066
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				Config				Requirement

										Huawei		CMCC		CATT		RITT		E

		Downlink spectral efficiency		Rel-8 Uncorr (4x2 codebook)		Cell avg		1.1		1.84		2.20		1.76		1.86

						Cell-edge		0.04		0.068		0.051		0.054		0.045

				Rel-8 Grouped (4x2 codebook)		Cell avg		1.1

						Cell-edge		0.04

				Rel-8 Corr (4x2 codebook)		Cell avg		1.1		2.02

						Cell-edge		0.04		0.085

				Rel-8 X-pol uncorr (4x2 codebook)		Cell avg		1.1						1.65

						Cell-edge		0.04						0.051

				Rel-8 X-pol corr (4*2 codebook)		Cell avg		1.1		1.78

						Cell-edge		0.04		0.071

				Rel-8  X-pol corr (8x2 single-layer beamforming)		Cell avg		1.1		2.07				2.04		2.14

						Cell-edge		0.04		0.101				0.073		0.067

				Rel-8  X-pol corr (8x2 dual-layer beamforming)		Cell avg		1.1

						Cell-edge		0.04
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