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1
Introduction

In previous RAN1#57bis, LTE R8 baseline and IMT-A based assumptions and performance for ITU-R scenarios were investigated [1-3]. In this contribution, system simulation results for both TDD and FDD with LTE R8 and LTE-A features with full buffer traffic are presented. VoIP evaluation results and uplink mobility spectral efficiency are given together.
2
Full Buffer results
The full buffer simulation assumptions are shown in Table 8 in Appendix 6.1. Note that we have not assumed any beyond R8 overhead and we assume 2 OSs for CCH in both TDD and FDD. Detailed of overhead calculation can be found in Appendix 6.2.
The DL spectral efficiency for full buffer evaluation for TDD and FDD is summarized in Table 1 and Table 2, respectively. Red color reflects scenarios that do not fulfil the IMT-advanced requirements. We can see that in DL, LTE R8 SU-MIMO cannot achieve the IMT-advanced requirements in UMi and UMa scenarios. For these scenarios, we consider MU-MIMO without coordination across cells and it can fulfil the IMT-advanced requirements for both TDD and FDD.
The UL spectrum efficiency for full buffer evaluation for TDD and FDD is shown in Table 3 and Table 4, respectively. We can see that in UL, LTE R8 design can easily achieve the IMT-advanced requirements in all scenarios in condition that the effective IoT value [4] is below 10dB. 
Table 1. TDD DL spectral efficiency in different scenarios (L=2 control symbols)

	
	IMT Advanced Requirement
	R8 SU-MIMO
	MU-MIMO w/o coordination

	
	Antenna a
	Antenna c
	Antenna e (8Tx)
	Antenna c
	Antenna e (8Tx)

	InH
	Cell spectral efficiency (bps/Hz/cell)
	3
	4.58
	4.11
	-
	5.91
	-

	
	Cell edge user spectral efficiency (bps/Hz)
	0.1
	0.157
	0.146
	-
	0.180
	-

	UMi


	Cell spectral efficiency (bps/Hz/cell)
	2.6
	1.81
	1.96
	2.14
	2.94
	3.47

	
	Cell edge user spectral efficiency (bps/Hz)
	0.075
	0.051
	0.059
	0.084
	0.084
	0.096

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	2.2
	1.31
	1.59
	1.79
	2.49
	2.89

	
	Cell edge user spectral efficiency (bps/Hz)
	0.06
	0.035
	0.045
	0.065
	0.069
	0.077

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	1.1
	1.59
	1.75
	2.25
	2.86
	3.33

	
	Cell edge user spectral efficiency (bps/Hz)
	0.04
	0.048
	0.054
	0.088
	0.086
	0.106


Table 2. FDD DL spectral efficiency in different scenarios (L=2 control symbols)

	
	IMT Advanced Requirement
	R8 SU-MIMO
	MU-MIMO w/o coordination

	
	Antenna a
	Antenna c
	Antenna e

	InH
	Cell spectral efficiency (bps/Hz/cell)
	3
	4.58
	4.13
	-

	
	Cell edge user spectral efficiency (bps/Hz)
	0.1
	0.166
	0.156
	-

	UMi


	Cell spectral efficiency (bps/Hz/cell)
	2.6
	1.85
	2.02
	3.36

	
	Cell edge user spectral efficiency (bps/Hz)
	0.075
	0.054
	0.061
	0.089

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	2.2
	1.35
	1.64
	2.55

	
	Cell edge user spectral efficiency (bps/Hz)
	0.06
	0.036
	0.047
	0.070

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	1.1
	1.64
	1.80
	3.45

	
	Cell edge user spectral efficiency (bps/Hz)
	0.04
	0.050
	0.056
	0.110


Table 3. TDD UL spectral efficiency in different scenarios
	
	IMT Advanced Requirement
	R8 SU-MIMO

	
	Antenna a
	Antenna c
	Antenna e (8Tx)

	InH
	Cell spectral efficiency (bps/Hz/cell)
	2.25
	3.12
	3.04
	-

	
	Cell edge user spectral efficiency (bps/Hz)
	0.07
	0.259
	0.256
	-

	
	IoT (dB)
	<=10
	0.238
	0.495
	-

	UMi

	Cell spectral efficiency (bps/Hz/cell)
	1.8
	1.91
	1.82
	2.22

	
	Cell edge user spectral efficiency (bps/Hz)
	0.05
	0.087
	0.079
	0.119

	
	IoT (dB)
	<=10
	9.620
	9.690
	8.197

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	1.4
	1.66
	1.55
	1.89

	
	Cell edge user spectral efficiency (bps/Hz)
	0.03
	0.079
	0.071
	0.101

	
	IoT (dB)
	<=10
	9.892
	9.970
	8.161

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	0.7
	1.88
	1.76
	2.05

	
	Cell edge user spectral efficiency (bps/Hz)
	0.015
	0.094
	0.078
	0.106

	
	IoT (dB)
	<=10
	9.493
	9.684
	7.403


Table 4. FDD UL spectral efficiency in different scenarios

	
	IMT Advanced Requirement
	R8 SU-MIMO

	
	Antenna a
	Antenna c
	Antenna e (8Tx)

	InH
	Cell spectral efficiency (bps/Hz/cell)
	2.25
	3.37
	3.28
	-

	
	Cell edge user spectral efficiency (bps/Hz)
	0.07
	0.280
	0.277
	-

	
	IoT (dB)
	<=10
	0.243
	0.483
	-

	UMi

	Cell spectral efficiency (bps/Hz/cell)
	1.8
	2.08
	1.98
	2.41

	
	Cell edge user spectral efficiency (bps/Hz)
	0.05
	0.095
	0.086
	0.122

	
	IoT (dB)
	<=10
	9.565
	9.674
	8.270

	UMa
	Cell spectral efficiency (bps/Hz/cell)
	1.4
	1.79
	1.69
	2.04

	
	Cell edge user spectral efficiency (bps/Hz)
	0.03
	0.086
	0.077
	0.108

	
	IoT (dB)
	<=10
	9.874
	9.965
	8.172

	RMa
	Cell spectral efficiency (bps/Hz/cell)
	0.7
	2.03
	1.88
	2.21

	
	Cell edge user spectral efficiency (bps/Hz)
	0.015
	0.101
	0.084
	0.113

	
	IoT (dB)
	<=10
	9.482
	9.691
	7.456


3
VoIP
For VoIP capacity evaluation, 1x4 SIMO with MMSE receiver in antenna configuration c is used in UL and 1x2 SIMO with MRC receiver for DL. It is expected the DL VoIP capacity with 4x2 SU-MIMO should not be less than the capacity with 1x2 SIMO, so if the results with 1x2 SIMO fulfill the ITU requirements, the results with 4x2 SU-MIMO will meet or even go beyond the ITU requirements. Semi-persistent scheduling is modelled with PDDCH limitation. One or two RBs are used to transmit one voice packet or SID packet. The IoT values [4] in InH, UMi, UMa and RMa are about 0.28, 3.32, 2.61 and 4.52 dB respectively, all of which are below 10dB. Please note that for TDD configuration 1 with [12, 1, 1] OSs for DwPTS, GP and UpPTS, the UL effective bandwidth [5] = 10MHz * (14+14+1) / (14+14+14+14+13), DL effective bandwidth = 10MHz * (14+14+12) / (14+14+14+14+13), with the assumption that GP is not active for both UL and DL and UpPTS is active for UL. The VoIP results in Table 5 and Table 6 showed that VoIP capacity for TDD and FDD can both satisfy the requirements.
Table 5. TDD VoIP capacity

	
	IMT Advanced Requirement (Number of users per sector per MHz)
	DL VoIP capacity
	UL VoIP capacity
	Min

	InH
	50
	155
	93
	93

	UMi
	50
	94
	64
	64

	UMa
	40
	80
	61
	61

	RMa
	30
	110
	68
	68


Table 6. FDD VoIP capacity

	
	IMT Advanced Requirement (Number of users per sector per MHz)
	DL VoIP capacity
	UL VoIP capacity
	Min

	InH
	50
	161
	94
	94

	UMi
	50
	97
	65
	65

	UMa
	40
	85
	62
	62

	RMa
	30
	115
	70
	70


4
Mobility
Simulation assumptions for mobility on deployment scenarios could be found in the IMT.EVAL document [6]. PUSCH assignment size is 5 RB per UE. Additional simulation parameters could be found in Appendix 6.3. The UL SINR distribution is shown in Appendix 6.4, where the median UL SINR for InH, UMi, UMa and RMa is [12.79, 3.95, 3.87, 4.93] dB. Link level simulations were then performed for NLOS and LOS users to determine the spectral efficiency under each Doppler setting. As shown in Table 7, the mobility requirements are satisfied for all scenarios for both TDD and FDD. 
Table 7. Uplink Mobility spectral efficiency (1x4 for FDD and 1x8 for TDD)
	InH-NLos-4
	FDD
	2.62
	InH-Los-4
	FDD
	3.06

	
	TDD
	
	
	TDD
	

	
	Requirement
	1
	
	Requirement
	1

	UMi-NLos-4
	FDD
	1.16
	UMi-Los-4
	FDD
	1.28

	
	TDD
	
	
	TDD
	

	
	Requirement
	0.75
	
	Requirement
	0.75

	UMa-NLos-4
	FDD
	1.10
	UMa-Los-4
	FDD
	1.23

	
	TDD
	
	
	TDD
	

	
	Requirement
	0.55
	
	Requirement
	0.55

	RMa-NLos-4
	FDD
	1.19
	RMa-Los-4
	FDD
	1.31

	
	TDD
	
	
	TDD
	

	
	Requirement
	0.25
	
	Requirement
	0.25

	

	InH-NLos-8
	FDD
	
	InH-Los-8
	FDD
	

	
	TDD
	3.07
	
	TDD
	3.24

	
	Requirement
	1
	
	Requirement
	1

	UMi-NLos-8
	FDD
	
	UMi-Los-8
	FDD
	

	
	TDD
	1.58
	
	TDD
	1.65

	
	Requirement
	0.75
	
	Requirement
	0.75

	UMa-NLos-8
	FDD
	
	UMa-Los-8
	FDD
	

	
	TDD
	1.66
	
	TDD
	1.71

	
	Requirement
	0.55
	
	Requirement
	0.55

	RMa-NLos-8
	FDD
	
	RMa-Los-8
	FDD
	

	
	TDD
	1.51
	
	TDD
	1.68

	
	Requirement
	0.25
	
	Requirement
	0.25


5 
Conclusions
In this contribution, we evaluated the LTE/LTE-A full buffer, VoIP and mobility performance for ITU-R submission. It was shown that the full buffer spectral efficiency, VoIP and mobility requirements are met with either LTE R8 solutions or enhanced MU-MIMO techniques. 
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Appendix
6.1
Simulation assumptions for full buffer evaluation
Table 8. List of assumptions for full buffer simulations

	Parameter
	Rel.8
	Beyond Rel.8

	Deployment scenario
	Aligned with guidelines
	Aligned with guidelines

	Duplex method and bandwidths
	Aligned with guidelines                  VoIP FDD: 5+5MHz                      VoIP TDD:10MHz
	Aligned with guidelines                  VoIP FDD: 5+5MHz                      VoIP TDD:10MHz

	Network synchronization
	Synchronized
	Synchronized

	Handover margin
	1.0 dB
	1.0 dB

	Downlink transmission scheme 
	SU-MIMO, with rank adaptation, antenna a) and c)                         SU-MIMO Based on SRS, rank=1, antenna e)
	MU-MIMO, rank=1 for each user, antenna c) and e)

	Downlink scheduler
	PF
	PF

	Downlink link adaptation
	Aligned with guidelines
	Aligned with guidelines

	CSI assumption at eNB
	　
	Short Term

	Downlink HARQ scheme
	CC
	CC

	Downlink receiver type
	MMSE
	MMSE

	Uplink transmission scheme
	1x4 SIMO, antenna a) c); 1x8 SIMO, antenna e)
	　N/A

	Uplink scheduler
	PF
	PF

	Uplink Power control
	alpha = 0.8, P0 fitted to the environment, Target Average IoT <= 10dB
	alpha = 0.8, P0 fitted to the environment, Target Average IoT <= 10dB

	Uplink link adaptation
	Aligned with guidelines
	Aligned with guidelines

	Uplink HARQ scheme
	CC
	CC

	Uplink receiver type
	MMSE
	MMSE

	Antenna configuration
base station
	Configurations a) c)  evaluated for indoor environment                                 Configurations a) c) e) evaluated for all outdoor environments
	 Configurations c) e) evaluated for all outdoor environments

	Antenna configuration  UE
	Vertically polarized
	Vertically polarized

	Channel estimation
(Uplink and downlink)
	Non-ideal
	Non-ideal

	Control channel and reference signal overhead, Acknowledgements etc. 
	DL overhead: 
2 OFDM symbols for DL CCHs,
CRS for antenna ports 0-3 with antenna configuration a) and c), 
CRS for antenna port 0-1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbols for DMRSs per subframe, 
2 OFDM symbols for UpPTS per 5ms.
	DL overhead: 
2 OFDM symbols for DL CCHs,
CRS for antenna ports 0-3 with antenna configuration a) and c), 
CRS for antenna port 0-1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbols for DMRSs per subframe, 
2 OFDM symbols for UpPTS per 5ms.

	Feedback and control channel errors
	None
	None

	Spectrum efficiency calculation
	UL spectrum efficiency for TDD = UL throughput / (TDD bandwidth * (14+14+2)/ (14+14+14+14+13)),DL spectrum efficiency for TDD = DL throughput / (TDD bandwidth * (14+14+11)/(14+14+14+14+13)),   GP is not active for both UL and DL; UpPTS is active for UL.
	UL spectrum efficiency for TDD = UL throughput / (TDD bandwidth * (14+14+2)/ (14+14+14+14+13)),DL spectrum efficiency for TDD = DL throughput / (TDD bandwidth * (14+14+11)/(14+14+14+14+13)),   GP is not active for both UL and DL; UpPTS is active for UL.


6.2
overhead calculation
We have not assumed any beyond Rel-8 overhead, like MBSFN. 
Downlink:
 Basic assumptions:   - 2OSs for CCH (for both TDD and FDD);
 - CRS port 0~3 for R8 SU-MIMO;

- CRS port 0~1 for 1-layer beamforming and MU-MIMO;
- DM-RS 12REs for LTE-A MU-MIMO;
- DRS 12REs for 1layer BF.
Total RE:
FDD:

 N_RE_total = 50 RBs * 12 subcarriers * 10 sub-frames * 14 symbols = 84000

TDD (config. #1, 2 UpPTS, GP is not active for both UL and DL):      
N_RE_total = 100 RBs * 12 subcarriers * 2*(2*14 + 11) symbols = 93600

Downlink, SU-MIMO 4x2 (rel 8 ref):  

FDD                 N_RE_nondata = Npdcch + Ncrs + Nsch + Npbch =  

  = 50*12*10*2 + 50*10*16 + 288 + 288 = 20576 --> OH = 20576 / 84000 = 0.2450

Note that Ncrs here is the number of crs outside the control region.

TDD

N_RE_nondata = Npdcch + Ncrs + Nsch + Npbch = 

= 100*12*(4*2+2*2) + 100*(4*16+2*12) + 288 + 288 = 23776 --> OH = 23776/ 93600 = 0.2540
Note that Ncrs in DwPTS is less than Ncrs in normal DL subframe.

Downlink, 8x2 1- layer Beamforming: 12RE DRS is assumed, CRS port 0&1

           TDD                          N_RE_nondata = Npdcch + Ncrs + Ndrs + Nsch + Npbch = 

= 100*12*(4*2+2*2) + 100*(4*12+2*8) + 100*(4*12+2*9) + 288 + 288 = 27976--> OH = 27976/ 93600 = 0.2989
            Note that Ncrs and Ndrs in DwPTS is less than Ncrs and Ndrs in normal DL subframe.
Downlink, MU-MIMO (4Tx and 8Tx): 12RE DM-RS is assumed, CRS port 0&1
FDD                           N_RE_nondata = Npdcch + Ncrs + Ndm-rs + Nsch + Npbch = 

= 50*12*10*2 + 50*10*12 + 50*10*12 + 288 + 288 = 24576--> OH = 24576/ 84000 = 0.2926
          TDD                           N_RE_nondata = Npdcch + Ncrs + Ndm-rs + Nsch + Npbch = 

= 100*12*(4*2+2*2) + 100*(4*12+2*8) + 100*(4*12+2*9) + 288 + 288 = 27976--> OH = 27976/ 93600 = 0.2989
            Note that Ncrs and Ndm-rs in DwPTS is less than Ncrs and Ndm-rs in normal DL subframe.
Uplink: 

         Basic assumptions: - FDD: 4 PRBs for CCH, 1OS SRS per 10ms;  

- TDD: 8 PRBs for CCH, 4OSs SRS (UpPTS) per 10ms
Total RE:
FDD:

N_RE_total = 50 RBs * 12 subcarriers * 10 sub-frames * 14 symbols = 84000

        TDD (config. #1, 2 UpPTS, GP is not active for both UL and DL):                  

N_RE_total = 100 RBs * 12 subcarriers * 2*( 2*14 + 2) symbols = 72000

Uplink, SIMO 1x4 (rel 8 ref):  

FDD                    N_RE_nondata = Npucch + Nsrs + Ndmrs
= {4PRB} = 4*12*10*14 + (50-4) *12*1 + (50-4) *12*10*2 = 18312--> OH 
= 18312/ 84000 = 0.2180
TDD                    N_RE_nondata = Npucch + Nuppts + Ndmrs 
= {8PRB } = 8*12*4*14 + 100*12*2*2 + (100-8) *12*4*2 = 19008--> OH = 19008/ 72000= 0.2640
Table 9. Summary of overhead
	
	overhead

	FDD DL SU-MIMO
	0.2450

	FDD DL MU-MIMO
	0.2926

	TDD DL SU-MIMO
	0.2540

	TDD DL 1-layer BF
	0.2989

	TDD DL MU-MIMO
	0.2989

	FDD UL SIMO
	0.2180

	TDD UL SIMO
	0.2640


6.3
Simulation assumptions for mobility evaluation

Table 10: List of Assumptions for UL mobility simulations

	PUSCH assignment
	5 RBs

	Base station Rx antenna
	4 for FDD and 8 for TDD

	Base station antenna configuration
	Antenna configuration (c) for FDD
Antenna configuration (e) for TDD

	UE Tx antenna
	1

	Channel estimation
	Non-ideal

	Noise estimation
	Non-ideal

	Receiver algorithm
	MMSE

	P0
	fitted to environment to keep the IoT being under 10dB

	Alpha
	0.8


6.4
UL SINR distribution
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Figure 1 SINR distribution
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