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1. Introduction

Non-contiguous RB assignment has been proposed to realize higher spectral efficiency in LTE-Advanced than that of the LTE Rel. 8 uplink [1], [2], [3]. The conclusions of RAN1 #55 Prague meeting were the following:

For case of no spatial multiplexing

· Agree on one DFT per component carrier and one transport block per component carrier

· FFS whether to allow for non-contiguous resource block assignment within one component carrier

· Concurrent transmission of control and data of PUCCH and PUSCH FFS

Gains from non-contiguous allocation within a component carrier (consider SRS)

· Can be achieved through non-contiguous mapping within DTFS-OFDM or OFDM

· CM better for DFTS-OFDM with non-cont. alloc.

· FFS until next meeting
In this contribution, we demonstrate the benefit of non-contiguous RB assignment by reporting the results of a system level simulation considering SRS sounding error.

2. Advantage of non-contiguous RB assignment within a component carrier and Simulation Results

Non-contiguous RB allocation within a component carrier has the following advantages:

· Higher frequency selection diversity of RB allocation

Non-contiguous RB assignment enables more flexible scheduling. So, sector throughput can be more enhanced by applying frequency selective scheduling to low mobility and non-power limited UEs. Furthermore, coverage can be maintained by dynamically switching clustered DFT-S-OFDM to SC-FDMA for power limited UEs as proposed in [4].

· Utilization efficiency improvement of RBs

Non-contiguous RB assignment such as clustered DFT-S-OFDM or OFDM can improve utilization efficiency of RBs in the whole band, and thereby sector throughput can be enhanced. This is because distributed RBs can be efficiently used for non-power limited UEs.

· Affinity to Uplink CoMP

In uplink CoMP case, the flexibility of non-contiguous RB assignment should be required for uplink CoMP because contiguous RB assignment causes the limitation of radio resources assignment of adjacent eNBs and large complexity of the coordination between cells.

The System level simulation parameters and the system level performances are shown in the Appendix. In this simulation, we consider sounding error, and use channel measurement error model according to [5]. In [5], it is assumed that the channel measurement error follows zero mean i.i.d. Gaussian distribution with 1 dB standard deviation in the decibel SINR domain for each group of 1 x PRB. Moreover, we evaluate the case of 3 dB and 5 dB standard deviation considering worse situations for non-contiguous RB assignment (This is the case where frequency selection diversity can not be expected).
In Appendix, Figure A.1 and A.2 show the C.D.F. of sector throughput in case 1 (ISD = 500 m) and case 3 (ISD = 1732 m). In these figures, we firstly evaluate sector throughput performances under environment where all UEs use only one transmission scheme (contiguous RB assignment (SC-FDMA) and non-contiguous RB assignment (clustered DFT-S-OFDM)). In case 1, average sector throughput of clustered DFT-S-OFDM is improved by in any sounding error due to non-power limited case and utilization efficiency improvement of RBs. Especially, when sounding error is 5 dB (frequency selective scheduling gain can not be expected), we can confirm that the utilization efficiency is improved by using non-contiguous RB assignment. In case 3, average sector throughput is improved in 1 dB sounding error. However, in 3 dB and 5 dB sounding error case, average sector throughput of clustered DFT-S-OFDM is deteriorated due to power-limited UE and higher CM/PAPR.
Based on these simulation results, Figure A.3 shows C.D.F. of sector throughput using hybrid SC-FDMA and clustered DFT-S-OFDM schemes in case 3. As shown in this figure, we also believe that dynamic switching non-contiguous RB assignment to SC-FDMA is needed under power limited conditions. Therefore, we recommend applying non-contiguous RB assignment for non-power limited UEs.
3. Selection of Clustered DFT-S-OFDM or OFDM for Non-contiguous RB assignment within a component carrier
Aside from the consideration of PAPR/CM, we note the following points regarding the adoption of clustered DFT-S-OFDM or OFDM for this case.

· Transmission performance in MIMO spatial multiplexing case

OFDM does not have any compelling advantages that would result in excluding clustered DFT-S-OFDM from consideration for LTE-Advanced. Clustered DFT-S-OFDM has similar performance as OFDM except higher order modulation such as 64QAM with simple receivers. Moreover, there is no practical difference between clustered DFT-S-OFDM and OFDM with advanced receivers, as shown in [6].

· Reuse of existing eNB circuit

Clustered DFT-S-OFDM will simplify the upgrade process of LTE receivers to LTE-A, because MMSE based receiver has already implemented in eNB for LTE Rel.8 and all we need to do is to implement only clustering and mapping/demapping functions. On the other hand, OFDM increases complexity because we have to prepare ML receiver for LTE-A eNBs.

· Relationship between an additional transmission scheme mode and  N x DFT-S-OFDM 

We consider that coexistence of multiple transmission schemes of OFDM and N x DFT-S-OFDM is not ideal from the viewpoint of system level optimization. At RAN1 #55 Prague meeting, N x DFT-S-OFDM was endorsed for supporting wider bandwidth, and thus the coexistence of LTE Rel.8 DFT-S-OFDM and OFDM within a LTE-A band results in high complexity at the system level.

If only one additional transmission scheme mode is allowed, we believe that clustered DFT-S-OFDM should be introduced.
4. Conclusion

In this contribution, we evaluated non-contiguous RB assignment within a component carrier including SRS sounding error at the system level. Therefore, we recommend introducing non-contiguous RB assignment for this case. We also described that the transmission scheme for Non-contiguous RB assignment within a component carrier should be clustered DFT-S-OFDM.
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Appendix A.1

Table A.1 System level simulation parameters
	Simulation Cases
	Carrier frequency (GHz)
	Inter-site distance (m)
	Penetration loss (dB)
	Vehicle speed (km/h)

	Case 1
	2.0
	500
	20
	3.0

	Case 3
	2.0
	1732
	20
	3.0


	Parameter
	Assumption

	Carrier Frequency / Bandwidth
	20 MHz

	User bandwidth (RB size)
	180 kHz, TTI = 1 ms

	Number of data RB
	84

	Modulation
	QPSK, 16QAM

	Channel coding
	Turbo code 
(Max-Log MAP decoding w/ 8 iterations)

	UE power class
	23 dBm (SC-FDMA)
21 dBm (Clustered DFT-S-OFDM)

	HARQ
	Synchronous non-adaptive CC with 4 processes

	Power Control
	Slow power control

Target SNR = 10 dB

	MIMO
	Not supported

	Interference coordination
	Reuse 1

	UE transmitter
	1 antenna

	eNB receiver
	2 antenna


	Parameter
	Assumption

	Cell Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance (ISD)
	500 m (Case 1), 1732 m (Case 3)

	Distance-dependent path loss
	L = 128.15 + 37.6*log10(R),  R in kilometers

	Lognromal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	Am = 25 dB, 3dB = 70 degrees
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	Channel Model
	6-ray Typical Urban

	UE speeds of interst
	3 km/h

	Inter-cell Interference Modelling
	Explicit modeling

	Antenna Bore-sight points flat side of cell
(for 3-sector sites with fixed antenna patterns)
	[image: image2.emf] 



	User dropped uniformly in entire cell
	
[image: image3]　10 UEs/Sector

	Number of Max scheduled UEs
	Unlimited

	Minimum distance between UE and cell
	35 meters

	Scheduler
	Proportional Fairness in time and frequency
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Figure A.1 C.D.F. of sector throughput (case 1)
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Figure A.2 C.D.F. of sector throughput (case 3)
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Figure A.3 Sector throughput of dynamic switching (case 3)[image: image7.emf] 
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