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1. Introduction

This paper summarizes the IMT-Advanced requirements on spectral efficiency and mobility, and presents preliminary results on the ability of LTE release 8 to fulfill these. The intention is to identify focus areas for the near-term development of the LTE standard in order to reach these targets. 
The results indicate that LTE release 8 fulfills the mobility requirements, the uplink spectrum efficiency requirements, and the Voice over IP capacity requirements in all test environments. The downlink spectrum efficiency requirements are fulfilled in the indoor and in the rural macro scenarios. Additions to the release 8 standard appear to be needed to fulfill the requirements in the urban macro and urban scenarios. 
Detailed performance results, models and assumptions are provided in appendices. A summary of the results is provided in Section 2, followed by a discussion of necessary extensions in Section 3.
As compared to results previously presented in [1], this paper includes updates for TDD spectrum efficiency, VoIP performance, and further alignment with the agreed interpretations of the ITU guidelines. 

2. The IMT-Advanced Requirements and LTE Performance
A summary of the IMT-Advanced requirements and preliminary LTE performance is presented in Table 1. Note that the performance results are preliminary, some not yet fully aligned with [2], and that not all capabilities of the LTE release 8 standard have yet been investigated. Results achievable with a basic release 8 set up are in black font, whereas values assuming 8 BS antennas or beyond release 8 capabilities are highlighted in red.
3. What needs to be done?

The preliminary results presented herein indicate that the ITU requirements on uplink spectral efficiency, mobility, and VoIP capacity requirements may be fulfilled with basic LTE release 8 functionality. Likewise, the downlink spectral efficiency requirements in the Indoor and Rural Macro scenarios appear reachable with basic release 8 functionality. In the Urban Micro and Urban Macro scenarios however, fulfilling the downlink spectral efficiency requirements appears quite challenging. 
For the Urban Micro scenario, the current status is that for the case of 4 Tx antennas per sector, advanced coherent CoMP with joint transmission (‘Joint Tx CoMP’) is needed to reach the downlink spectral efficiency requirement. Consequently, relatively extensive feedback is required to support such advanced CoMP schemes. PMI based approaches do not seem to suffice in this case. An example of such an explicit channel feedback mechanism is discussed in [3], including overhead analysis. Although the problem may seem overwhelming at first sight, aggressive exploitation of time and frequency correlation properties of the channel help limiting the feedback overhead.

Coordinated beamforming (CBF) with 8 Tx antennas per sector appears to be another way of reaching the requirements in Urban Micro scenario. In addition, contrary to the joint Tx CoMP scheme, it also appears to fulfill the Urban Macro requirements. Further refinements of CBF could possibly enable reaching the requirements with 4 Tx antennas per sector. Note that CBF requires reduced needs of CSI feedback as compared to joint Tx CoMP (c.f. [3]).  

Note that other IMT-Advanced requirements, foremost on bandwidth and peak spectral efficiency, mandate additional standard support.

4. Conclusions

· Most of the ITU requirements seem to be fulfilled with basic Rel-8 functionality

· Challenging to meet ITU downlink spectral efficiency requirements for Urban Macro and Urban Micro test environments

· Urban Micro: fulfilled by joint Tx CoMP or coordinated beamforming
· Urban Macro: fulfilled by coordinated beamforming

· Joint Tx CoMP relies on explicit channel quantization feedback while coordinated beamforming requires less feedback (c.f. [3])
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Table 1. IMT Advanced requirements and preliminary LTE results
	Minimum technical requirements item
	Category
	Required value
	Value



	
	Scenario
	Direction
	
	

	4.2.4.3.1
Cell spectral efficiency
(bit/s/Hz/cell)

	Indoor Hotspot
	Downlink
	3
	4.49

	
	
	Uplink
	2.25
	3.77

	
	Urban Micro
	Downlink
	2.6
	1.71 
3.29 (Joint Tx CoMP)
2.73 (8 Tx CBF)

	
	
	Uplink
	1.8
	2.26

	
	Urban Macro
	Downlink
	2.2
	1.32

2.52 (8 Tx CBF)

	
	
	Uplink
	1.4
	1.90

	
	Rural Macro
	Downlink
	1.1
	1,52
2.20 (4 Tx CBF)

	
	
	Uplink
	0.7
	2.03

	4.2.4.3.4
Cell edge user spectral efficiency
(bit/s/Hz)

	Indoor Hotspot
	Downlink
	0.1
	0.201

	
	
	Uplink
	0.07
	0.275

	
	Urban Micro
	Downlink
	0.075
	0.040  
0.088 (Joint Tx CoMP)

0.079 (8 Tx CBF)

	
	
	Uplink
	0.05
	0.076

	
	Urban Macro
	Downlink
	0.06
	0.035
0.065 (8 Tx CBF)

	
	
	Uplink
	0.03
	0.099

	
	Rural Macro
	Downlink
	0.04
	0.050
0.077 (4 Tx CBF)

	
	
	Uplink
	0.015
	0.117

	4.2.4.3.8
Mobility
Traffic channel link data rates (bit/s/Hz)
	Indoor Hotspot
	Uplink
	1.0
	>2.0

	
	Urban Micro
	Uplink
	0.75
	1.2

	
	Urban Macro
	Uplink
	0.55
	1.3

	
	Rural Macro
	Uplink
	0.25
	1.4

	4.2.4.3.13
VoIP capacity (users/sector/MHz)
	Indoor Hotspot
	DL and UL
	50
	> 50

	
	Urban Micro
	DL and UL
	40
	> 40

	
	Urban Macro
	DL and UL
	40
	> 40

	
	Rural Macro
	DL and UL
	30
	> 30


A. Models and Assumptions

Models and assumptions are aligned with the guidelines provided by ITU [2], unless otherwise stated along with the results. In addition to these, a set of LTE-specific system models are used. These are summarized in Table 2.
Table 2. Models and assumptions beyond the IMT-Advanced Guidelines.
	Parameter
	Value

	Duplex method 
	FDD

TDD: 5 subframes period, 2 subframes DL, 2 subframes UL, DwPTS 12, GP 1, UpPTS 1 

	Bandwidth
	10 MHz DL + 10 MHz UL for FDD, 10 MHz for TDD

	Number of cells
	27 for downlink joint tx comp and coordinated beamforming, otherwise 57

	Scheduler
	DL: Proportional Fair in Time and Frequency
UL: Quality-based Frequency Domain Multiplexing

	Downlink transmission scheme 
	Basic release 8 configuration
Codebook-based pre-coded adaptive rank MIMO,  
4x2 co-polarized antennas, two groups of BS antennas, 10 lambda between groups, 0.5 lambda between antennas within group.
Joint Tx CoMP
Joint transmission over 9 sectors / 3 sites, epsilon forcing, dual stream

4x2 co-polarized, 10 lambda separation at BS
Coordinated beamforming (CBF)
Coordinated beamforming, 0.5 lamda spacing, single stream per user, SDMA

	Uplink transmission scheme
	1x4 SIMO, no SDMA, 10 lambda spacing at BS

	Receiver type
	MMSE in DL and UL

	Uplink Power control
	Open loop with fractional pathloss compensation (=0.8), SNR target 10dB at cell edge. 

	HARQ scheme
	Incremental redundancy, synchronous, adaptive

	Network synchronization
	Synchronized, not explicitly utilized other than for avoiding UE-UE and BS-BS interference for TDD 

	Link adaptation
	Non-ideal, based on delayed feedback

	Channel estimation
	Ideal channel estimation at receiver

Non-ideal Channel Quality Indication (CQI), CQI Error per RB is N(0,1)dB in DL, error free in UL. 
DL CQI parameters
6ms delay 
5ms reporting period

UL Quality monitoring 
6ms TCH  
20ms sounding period

	Feedback channel errors
	Error-free, but quantized and delayed. 

	Control Channel Overhead, Acknowledgements etc. 
	LTE: L=3 symbols for DL CCHs, M=4 resource blocks for UL CCH
Overhead for common control channels (synchronization, broadcast and random access; ~1% for 10MHz) has not been deducted.
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Figure 1. Link-level performance in terms of Bits per Resource Element (BPRE) as a function of SNR for AWGN, 1x1.  Code rates are selected to match transport block sizes in 36.213. 

B. Downlink Spectral Efficiency

Downlink spectral efficiency results are discussed per deployment scenario below. 
Indoor Hotspot

As seen in Figure 2, in this scenario LTE release 8 fulfills the requirement.
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Figure 2. Indoor hotspot scenario: Downlink cell spectral efficiency and cell-edge user spectral efficiency (left) and user throughput distribution (right).

Urban Micro

In this scenario a basic LTE set-up does not reach the requirements. To reach the requirements a coherent joint transmission CoMP, mechanism, epsilon-forcing over 9 sectors (3 sites), is assumed. Results are presented in Figure 3.
Note: not fully aligned with ITU guidelines, system size of 27 cells for CoMP scheme (57 in ITU guidelines). The right-most results are with line-of-sight pathloss possible for indoor users (agreed 3GPP interpretation of ITU model).
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Figure 3. Urban Micro scenario: Downlink cell spectral efficiency and cell-edge user spectral efficiency (left) and user throughput distribution (right).

An alternative approach to reach the requirements is to use eight base station antennas and coordinated beamforming.  With an appropriate setting of which users can be scheduled on the same resources, the average spectral efficiency requirement is met. Results are presented in Figure 4.
Note: not fully aligned with ITU guidelines, system size of 27 cells (57 in ITU guidelines).
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Figure 4. Urban Micro scenario with coordinated beamforming: Downlink cell spectral efficiency and cell-edge user spectral efficiency (left) and user throughput distribution (right).  
Urban Macro

In this scenario, the evaluated basic LTE release 8 configuration appears not to reach the ITU requirements. To reach the requirements a coordinated beamforming mechanism is utilized. Spatial multiplexing of users within the same cell is used. Transmission per user is limited to a single layer. To reach the cell and cell-edge user spectral efficiency requirements 8 transmit antennas are used. Further, CQI feedback (used for link adaptation) is assumed to take beam patterns and intracell interference into account. Results are presented in Figure 5. 
Note: not fully aligned with ITU guidelines, system size of 27 cells (57 in ITU guidelines).
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Figure 5. Urban Macro scenario: Downlink cell spectral efficiency and cell-edge user spectral efficiency (left) and user throughput distribution (right).
Rural Macro
In this scenario the basic LTE release 8 4x2 configuration fulfills the requirements, see Figure 6. The coordinated beamforming solution discussed above, here with 4 transmit antennas, yields a significant improvement and further margin to the requirements.
Note: not fully aligned with ITU guidelines, system size of 27 cells (57 in ITU guidelines)
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Figure 6. Rural Macro scenario: Downlink cell spectral efficiency and cell-edge user spectral efficiency (left) and user throughput distribution (right). 
3GPP Case 1

For reference, preliminary results are provided also for 3GPP case 1, see Figure 7. It is seen that basic LTE release 8 does not reach the 3GPP target, whereas the joint transmission CoMP scheme does. Note also the difference in absolute values between this case and e.g. ITU UMi. This indicates that numbers achieved in the 3GPP scenarios can not be expected to be valid also in the ITU scenarios.   

Note: not fully aligned with 3GPP guidelines, system size of 27 cells, and not the latest BS antennas model.
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Figure 7.  3GPP case 1: Downlink cell spectral efficiency and cell-edge user spectral efficiency (left) and user throughput distribution (right).

TDD

TDD results for the Urban Macro scenario, one of the most challenging, are presented in Figure 7. A small drop in spectral efficiency as compared to FDD is seen. This is due to the slightly higher overhead, and that the average delay between measuring the channel quality and using this measurement is increased. Despite the drop the results are just above the requirements. 
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Figure 7. TDD and FDD results for the Urban Macro scenario: Downlink cell spectral efficiency and cell-edge user spectral efficiency (left) and user throughput distribution (right). 

C. Uplink Spectral Efficiency

Figure 8 shows cell- and cell-edge-user spectral efficiency results. Full distributions of uplink user throughput are shown in Figure 9. The dashed lines in Figure 8 represent the ITU requirements. It is seen that all requirements are reached. Note that a rather basic LTE configuration is used, utilizing neither single-user nor multi-user MIMO.
The urban micro results have improved as compared to those presented in [1]. This is due to the modified assumption on LoS pathloss for indoor terminals.
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Figure 8. Uplink cell spectral efficiency and cell-edge user spectral efficiency.
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Figure 9. Uplink user throughput distributions.

TDD results are presented for the Urban Macro scenario in Figure 10. A small drop in spectral efficiency as compared to FDD is seen. This is due to the slightly higher overhead, and that the average delay between measuring the channel quality and using this measurement is increased. The results are well above the ITU requirements.    
[image: image18.emf]UMa UMa TDD

0

0.5

1

1.5

2

Avg cell tp [bps/Hz/cell]

LTE UL 1x4 3D

1.90

±2.0%

1.82

±3.2%

UMa UMa TDD

0

0.02

0.04

0.06

0.08

0.1

Cell-edge user tp [bps/Hz]

0.084

±5.3%

0.069

±7.2%

 [image: image19.emf]0 0.1 0.2 0.3 0.4 0.5

0

20

40

60

80

100

Normalised User Throughput [bps/Hz]

C.D.F. [%]

LTE UL 1x4 3D

 

 

UMa mc/mu/ce 1.90/0.190/0.084 bps/Hz

UMa TDD mc/mu/ce 1.82/0.182/0.069 bps/Hz


Figure 10. Uplink cell spectral efficiency and cell-edge user spectral efficiency (left), and uplink user throughput distributions (right). 
D. Mobility

The mobility evaluations follow the ITU guidelines in [1]. This basically involves running link simulations for the different channels and terminal speeds, running uplink system-level simulations in the different deployment scenarios and logging the median SINR, and finally evaluating whether the normalized bitrate at the median SINR fulfills the ITU requirement. 
Link-level and system-level results are presented in Figure 12 and Figure 13 respectively. The achieved normalized bitrates are summarized in Table 3. It is seen that the requirements are fulfilled in all scenarios.
Additional assumptions:

· Link simulations from performed at 10 MHz, known tap-position, expected to be 0.5dB optimistic.
· Additional assumptions on system level

· 5 resource blocks allocated per UE

· Fractional power control, alpha = 0.8, SNR target = 10dB

· Antenna downtilt  6 degrees for RMa, 12 degrees for UMa and UMi 

· Non-quality-based scheduling
Table 3. Mobility results.
	Scenario
	Requirement
	Speed
	Frequency
	Doppler
	Median SINR
	Achievement

	Indoor
	1.0bps/Hz
	10km/h
	3.4GHz
	31.5Hz
	15dB
	>2bps/Hz

	Microcellular
	0.75 bps/Hz
	30km/h
	2.5GHz
	69.4Hz
	3.5dB
	1.2bps/Hz

	Base coverage urban
	0.55 bps/Hz
	120km/h
	2.0GHz
	222Hz
	4dB
	1.3bps/Hz

	High speed
	0.25 bps/Hz
	350km/h
	0.8GHz
	259Hz
	5dB
	1.4bps/Hz
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Figure 12. Link performance in the ITU deployment scenarios.
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Figure 13. Uplink wideband SINR in the ITU deployment scenarios.

E. Voice over IP Capacity
Models and assumptions specific for the Voice over IP (VoIP) capacity evaluations are listed in Table 4. The traffic model and performance measures are aligned with the ITU guidelines.
Since VoIP capacity is strongly dependent on PDCCH capacity, a methodology explicitly taking this into account is used. The methodology is as follows: 

1) The system is evaluated for a traffic load corresponding to the ITU requirement, e.g. 200 users for UMi. Downlink and uplink are evaluated separately. This is done including an assumption on PDCCH capacity, modeled as a maximum number of scheduling assignments or grants that can be used in each TTI.

2) It is then first checked weather the resulting downlink and uplink delay (including queuing and (re-) transmission delay, but excluding encoding and decoding delays) fulfills the ITU requirements (less than 2% of the users have a 98th percentile packet delay exceeding 50ms).

3) It is then verified that the total number (downlink and uplink) of required PDCCH instances does not exceed the PDCCH capacity for the environment in question. The PDCCH capacity is separately evaluated.  
The ITU requirement is hence fulfilled if both step 2 and step 3 above are fulfilled. 

Figure 14 shows downlink and uplink distributions of 98th percentile user packet delay. If the 98th percentile of this distribution is below 50ms, the ITU requirement is fulfilled. It is seen that this is the case for all the scenarios (step 2 OK). The number of PDCCH scheduling assignments and grants used to achieve the delay distributions are presented in the figure legend. 
For each scenario, the total number of required PDCCH instances (downlink assignments plus uplink grants) is then compared to a separately evaluated PDCCH capacity. Adaptive PDCCH robustness is assumed together with a control region size of 3 symbols. A summary is presented in Table 5. It is seen that in all scenarios the PDCCH capacity exceeds the total requirement (step 3 OK).
To summarize, the VoIP requirements are fulfilled for all scenarios.
Table 4. VoIP specific Models and Assumptions.

	Parameter
	Value

	Bandwidth
	5 MHz

	System size
	21 sectors (ITU requirements are for 57 sectors) InH is 2 cells only

	Scheduler
	DL: Round Robin, dynamic
UL: Round Robin, dynamic

	Downlink transmission scheme 
	SIMO (1x2), no SDMA

	Uplink transmission scheme
	SIMO (1x2),  no SDMA

	Uplink Power control
	Open loop with full pathloss compensation (=1), SNR target 10dB

	HARQ scheme
	Incremental redundancy, synchronous, adaptive (DL) non-adaptive (UL)
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Figure 14. Delay distribution for VoIP simulations in ITU environments. 
Table 5. PDCCH capacity and requirements per 5MHz.


	Scenario
	Available  PDCCH instants
	Required PDCCH instants (DL+UL) 

	InH
	20
	4 + 6 = 10

	UMi
	11.3
	4 + 5 = 9

	UMa
	11.8
	4 + 5 = 9

	RMa
	14
	3 + 3 = 6
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Indoor hotspot NLOS, f

D

 = 31.48

Rural macro NLOS, f

D

 = 259.26

Urban macro NLOS, f

D

 = 222.22

Urban micro NLOS, f

D

 = 69.44

