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1 Introduction

The RAN1 #55bis meeting agreed that a non-contiguous RA (Resource Allocation) per component carrier is supported for Rel-10 UL [1].

· Non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)

· FFS: Resource allocation based on Rel-8 DL schemes (allocation type 0 and/or 1)

· FFS: At most one new DCI format for non-MIMO
This agreement on non-contiguous data transmission opens up the opportunity to achieve significant throughput improvements by capitalizing on the Frequency Selection (FS) diversity gain afforded therein, which cannot be obtained in Rel-8 due to the single carrier structure [2-6]. One of the more important factors in realizing this FS throughput gain is “the supported maximum number of clusters”, and it would be helpful for the design of the Rel.10 DCI to determine how many clusters are necessary to maximize the potential throughput performance [7-10]. Therefore, it would be preferable to study first the performance for the various maximum number of clusters, before starting the DCI design. In addition to the above throughput gain by FS, there is also a resulting increase in the efficiency of RB Utilization.

On the other hand, the throughput and utilization efficiency improvement by this flexible RA may have a trade-off relationship with the PDCCH signaling, e.g. the number of BDs: Blind Decodes. It seems to us that the upper limit on the total number of BDs will need to be re-engineered for Rel-10 anyway, because of the various new Rel-10 features. We believe that the effect on the number of BDs by taking advantage of the performance improvements by FS diversity can (should) be included in this Rel-10 re-engineering of the BD limit.

In this contribution, we show the FS diversity gains and the RB utilization efficiency increase as a function of the number of clusters, and propose that, as a minimum, more than 2 clusters should be supported. And then, we share our views on the requirement of number of BDs for Release-10.

2 System performance evaluation – FS diversity gains and RB utilization improvements by number of clusters

In this section, we describe the system level simulation results, showing the gains for the various number of clusters - e.g. 1, 2, 3 and 4, respectively for the 1x2 antenna configuration. Other simulation assumptions are shown in Table 3 in the Annex. In this evaluation, we assume that all UEs can be dynamically configured for contiguous or non-contiguous RA depending on the transmit power.

Table 1 and 2 show the evaluation results of system throughput (average cell throughput and cell edge user throughput, 5% CDF) and the RB utilization ratio for the cases where the maximum numbers of clusters are set to 1, 2, 3 and 4, respectively. These results demonstrate that an average cell throughput improvement of 21% can be obtained when the maximum number of clusters is set to more than 2, i.e. 3 or 4, compared to less than 13 % for the 2-cluster case, due to the higher flexibility of scheduling.

In addition to the FS throughput gains shown in Table 1, Table 2 shows that RB utilization efficiency also increases by the number of clusters.
Table 1 Throughput performance of each number of clusters
	Throughput
	System Bandwidth 
	SC-FDMA
	2 clusters
	3 clusters
	4 clusters

	Average
[Mbps]
	10MHz
	8.52
(0 %)
	9.69
(13.6 %)
	10.4
(21.4 %)
	10.8
(26.7 %)

	
	20MHz
	14.6
(0 %)
	16.9
(15.6 %)
	18.5

(25.9 %)
	19.1
(30.0 %)

	Cell Edge
[bps/Hz]
	10MHz
	0.0425
	0.0428
	0.0421
	0.0451

	
	20MHz
	0.0346
	0.0323
	0.0322
	0.0315


Table 2 RB utilization of each maximum number of clusters
	System Bandwidth
	SC-FDMA
	2 clusters
	3 clusters
	4 clusters

	10MHz
	95.5%
	96.7%
	97.6%
	97.6%

	20MHz
	92.3%
	94.0%
	94.7%
	95.2%


These results show that, as a minimum, 3 or more clusters should be supported for Rel-10 in order to realize the FS diversity gain offered by the non-contiguous RA scheme, and there is also an improvement in RB utilization for wider system bandwidths. In addition to these results, the evaluation considering more realistic situations (i.e. SCM and realistic sounding) is found in Table 5 in Annex. It was also demonstrated that non-contiguous RA can also achieve the remarkable gain over 20% in the case of realistic sounding error.
We recommend that RAN1 should first discuss the very significant gains in system performance achievable by “the supported maximum number of clusters,” because such an easy operation as “spectrum segmentation” provides a remarkable gain of over 20%, which is really difficult to attain by the parameter optimizations by the network. The implications on BD should be discussed as a part of the overall Rel-10 BD budget, as described in the next section.

Proposal:

· 3 or more clusters should be supported for the Rel-10 UL to achieve the potential performance gain made available by non-contiguous RA
3 Number of blind decodes

As mentioned above, the issue of number of blind decodes in the case of FS Clustering should be discussed as a part of the overall Rel-10 Blind Decode budget.

In general, the smaller number of BD is preferable, because this can reduce the design complexity for PDCCH detection and the false detection probability. However for Rel-10, it is obviously difficult to design all DCI formats with the same number of BDs as for Rel-8 without undesired restrictions, because many new features (e.g. carrier aggregation, non-contiguous RA and UL SU-MIMO etc.) will be introduced in Rel-10. If the Rel-10 performance and the flexibility of scheduling will be severely restricted by the Rel-8 BD design limit, then perhaps the mechanism of the Rel-8 BD should be enhanced to meet the Rel-10 requirements. Therefore, RAN1 should first consider the number of BDs which can be acceptable for LTE-A UEs. Then RAN1 should discuss how we can reduce the number of BDs to meet this requirement considering the performance and BD complexity.

Observation:

· RAN1 should not assume that the number of BD limit for Rel-8 applies to Rel-10, but the number of BD limit should be re-engineered for Rel-10 requirements

4 Conclusions

In this contribution, we have demonstrated the performance gains of Frequency Selection (FS) diversity afforded by non-contiguous RA, via simulation results that evaluate the relationship between the maximum number of clusters and average cell throughput in Rel-10 UL. The number of clusters 3 or more (i.e. more than 2) can achieve the considerable average cell throughput of 20%.

Therefore, we propose:

· 3 or more clusters should be supported for the Rel-10 UL to achieve the potential performance gain made available by non-contiguous RA
· RAN1 should not assume that the number of BD limit for Rel-8 applies to Rel-10, but the number of BD limit should be re-engineered for Rel-10 requirements
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6 Annex

6.1 Simulation Assumptions and Results for TU channel model
6.1.1 Assumptions
Table 3 Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz and 20 MHz

	Carrier frequency
	2.0 GHz

	Inter-site distance
	Case 1 3D :
500 m

	Number of UEs per sector
	10 UEs

	Maximum total UE Tx power
	23 dBm

	Power backoff for non-contiguous resource allocation
	SC-FDMA:
0.0 dB

2 clusters:
0.8 dB

3 clusters:
1.6 dB

4 clusters:
1.8 dB

	Channel model
	Uncorrelated typical urban 6-path Rayleigh

	Antennas configuration
	Tx: 1
Rx: 2

	UE velocity
	3 km/h

	Receiver type
	Frequency domain equalization with linear MMSE w/o IRC

	Link adaptation
	Target BLER = 10−1

	Sampling frequency
	32.55 ns

	FFT size
	2048

	Number of occupied subcarriers
	600 (50 RBs, 10 MHz), 1200 (100 RBs, 20 MHz)

	Channel estimation
	Ideal for demodulation
Lognormal i.i.d. estimation error with zero mean and 1 dB standard deviation for sounding
SRS transmission interval = 5 ms

	Scheduling restriction by RB assignment field of DCI
	None

	Cyclic prefix type
	Normal CP

	HARQ scheme
	Chase combining (Synchronous non-adaptive)

	Maximum retransmission number
	6

	Turbo decoding
	Max log-MAP
Maximum iteration = 8

	Feedback(HARQ) delay
	8 ms

	Scheduling
	Proportional fairness in time and frequency domain

	Overhead
	PUCCH:
2 RBs
DMRS:
2 symbols per subframe,
SRS:
1 symbol/5 subframes

	Transmission power control
	Fractional TPC (P0 = −90 dBm, α = 0.8)


6.1.2 Simulation results
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(a) TU, 10MHz
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(b) TU, 20MHz


Figure 1. CDF of normalized user throughput
6.2 Simulation Assumptions and Results for SCM and realistic sounding
6.2.1 Assumptions
Table 4 Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Inter-site distance
	Case 1 3D :
500 m

	Number of UEs per sector
	10 UEs

	Maximum total UE Tx power
	23 dBm

	Power backoff for non-contiguous resource allocation
	SC-FDMA:
0.21 dB(QPSK), 1.13 dB (16QAM) and 1.31 dB (64QAM)
2 clusters:
1.18 dB(QPSK), 1.76 dB (16QAM) and 1.87 dB (64QAM)

3 clusters:
1.51 dB(QPSK), 1.98 dB (16QAM) and 2.10 dB (64QAM)

4 clusters:
1.84 dB(QPSK), 2.21 dB (16QAM) and 2.28 dB (64QAM)

	Channel model
	SCM urban macro

	Antennas configuration
	Tx: 1
Rx: 2, Co-polarized linear array: antenna spacing = 10

	UE velocity
	3 km/h

	Receiver type
	Frequency domain equalization with linear MMSE w/o IRC

	Link adaptation
	Target BLER = 10−1

	Sampling frequency
	32.55 ns

	FFT size
	2048

	Number of occupied subcarriers
	600 (50 RBs, 10 MHz)

	Channel estimation
	Realistic for demodulation and sounding

	Scheduling restriction by RB assignment field of DCI
	None

	Cyclic prefix type
	Normal CP

	HARQ scheme
	Chase combining (Synchronous non-adaptive)

	Maximum retransmission number
	4

	Turbo decoding
	Max log-MAP
Maximum iteration = 8

	Feedback(HARQ) delay
	4 ms

	Scheduling
	Proportional fairness in time and frequency domain

	Overhead
	PUCCH:
2 RBs
DMRS:
2 symbols per subframe,
SRS:
2 symbol/5 subframes

	Transmission power control
	Fractional TPC (P0 = −80 dBm, α = 0.8)


6.2.2 Simulation results
Table 5 Simulation Results
	
	SC-FDMA
	2 clusters
	3 clusters
	4 clusters

	Average
[Mbps]
	10.2
(0.0%)
	11.6
(14.2%)
	12.1
(18.6%)
	12.3
(20.6%)

	Cell Edge
[bps/Hz]
	0.0208
	0.0200
	0.0201
	0.0199
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Figure 2. CDF of normalized user throughput (SCM urban macro, realistic SRS)
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Figure 3. Comparison of sector throughput (SCM urban macro, realistic SRS)
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