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1. Introduction

In RAN1#55, the following baseline assumption was agreed regarding bandwidth extension to support bandwidth aggregation up to 100 MHz –

· One TB and HARQ entity per component carrier
In addition, it was to be decided based on analysis of frequency diversity gain whether an enhancement to this baseline assumption, namely to allow multiple transport blocks and HARQ entities where each transport block can be mapped to multiple component carriers, should be adopted.   This contribution shows that the frequency diversity again from allowing a transport block to be mapped to multiple component carriers is marginal.  In addition, some performance loss from channel estimation and increased control channel signaling across multiple component carriers may be incurred.  Therefore, it is recommended not to support this feature in LTE-A.
2. Resource Mapping for Extended Bandwidth
In RAN1#55, it was agreed that each component carrier will support on transport block and HARQ entity.  This is shown as the baseline configuration in Figure 1.  However, in [1], an enhancement was proposed to allow the transport block to be mapped to multiple component carriers to provide additional frequency diversity.  This proposed enhancement is shown in Figure 1 for an example scenario of two component carriers.  
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Figure 1.  Baseline and proposed enhancement for resource mapping.
Note that in these two cases, the transport block size remains the same, but the mapping to component carriers is different.  This partitioning is up to the scheduler and obviously it may be that the transport block is still mapped to only a subset of available carriers.  By distributing the data to multiple carriers, channel estimation loss may be incurred due to smaller number of reference symbols within each component carrier.  In addition, this proposal will dramatically increase the control channel signalling in order to accommodate the possible combinations. The impetus for this proposal is to provide additional frequency diversity gain.  As a result, in this contribution, only the potential performance gain from frequency diversity is evaluated in idealized scenarios.  
3. Performance Analysis

For the performance analysis, an aggregated system bandwidth of 40 MHz is assumed.  This aggregated bandwidth is comprised of 2×20 MHz component carriers which are adjacent to each other in the spectrum.  Both 1 and 2 transmit antennas were studied.  For 2 transmit antennas, SFBC was used.  Ideal channel estimation was assumed.  Both QPSK and 16-QAM were evaluated with the number of assigned resource blocks fixed to four.  In addition, performance with and without HARQ were considered, as generally frequency diversity gain diminishes significantly when HARQ is used.  Other pertinent simulation parameters are listed in Table 1.  The following transmission options were evaluated –
· No hopping: The transport block is mapped to only one component carrier and no hopping was used.

· Hopping – 1 Carrier: The transport block is mapped to only one component carrier with intra-subframe hopping at the slot level.

· Hopping – 2 Carriers: The transport block is mapped to two component carriers with intra-subframe hopping at the slot level within each carrier.
· Distributed – 1 Carrier: The transport block is mapped to only one component carrier.  However, resource block-level distributed transmission is used.  This option is the same as non-contiguous resource allocation being considered for LTE-A.

An illustration of the above mapping schemes is shown in Figure 2 below.
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Figure 2.  Mapping schemes considered.
Figure 3 and Figure 4 show link level performance without HARQ for QPSK and 16-QAM.  Figure 3 shows results for 1Tx-2Rx configuration while Figure 4 shows results for 2Tx-2Rx (SFBC) configuration.  From Figure 3, it is seen that mapping the transport block to two instead of one carrier provides a gain of 0.4dB for QPSK and 0.2dB for 16-QAM at the 10% BLER operating point.  At the 1% BLER operating point, the gain is 0.5dB for QPSK and 0.3dB for 16-QAM.  With SFBC transmit diversity, the gain at 10% BLER shrinks to 0.25dB for QPSK and 0.15dB for 16-QAM.  Thus, it can be seen that the gain is marginal, especially when more than 1 transmit antenna is used.  Also note that this gain will diminish somewhat (by about 0.1dB) if non-contiguous transmission is allowed in the uplink.
Figure 5 and Figure 6 show link level performance with HARQ (IR with 4 maximum transmissions) for QPSK and 16-QAM.  Figure 5 shows results for 1Tx-2Rx configuration while Figure 6 shows results for 2Tx-2Rx (SFBC) configuration.  At the 95% throughput points for 1Tx-2Rx configuration, the frequency diversity gain is 0.4dB for QPSK and 0.1dB for 16-QAM.  For 2Tx-2Rx (SFBC) configuration, the gain is 0.15dB for QPSK and 0.1dB for 16-QAM.  It is seen that with HARQ, the frequency diversity gain is further reduced.
From the results seen, it is seen that the frequency diversity gain is very small even in an idealized scenarios (at most 0.4dB and typically only 0.1-0.2dB).  Impairments and overhead associated with this feature such as potential channel estimation loss and increased control channel signalling were not considered.   Based on the small gain, it is not necessary to support this feature in LTE-A.
4. Conclusions
In this contribution, it is shown that the frequency diversity gain from allowing a transport block to be mapped to multiple component carriers is marginal.  In addition, impairments and overhead associated with this feature such as potential channel estimation loss and increased control channel signalling may actually result in a net performance loss. Therefore, it is recommended not to support this feature in LTE-A.
In the case of environments with short delay spread, an alternative approach may be considered to allow inter-carrier hopping especially inter-subframe hopping. This alternative approach has the following advantages:
· Utilizing the multi-carriers diversity gain;
· No degradation of the channel estimation;

· Minimum increase of the control channel signaling. For example, inter-carrier inter-subframe hopping can be enabled by simply adding 1 or 2 bits to the PDCCH to indicate the changes of component carriers between transmissions.
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Table 1.  Simulation Parameters.

	Parameter
	Assumption

	Aggregated System Bandwidth
	40 MHz
(2x20 MHz)

	No of Resource Blocks
	4

	Multipath channels
	GSM-TU (3 km/h)

	Channel estimator
	Ideal

	MCS
	QPSK R=1/2

16-QAM R=1/2

	# of TX antennas
	1 or 2

	# of RX antennas
	2

	Base Turbo Codec
	R=1/3, K=4, 8 iterations, Max Log MAP

	H-ARQ
	None or IR

	Tx Mode
	SIMO or SFBC

	Receiver
	MMSE
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Figure 3.  Link performance curves for DFT-S-OFDM – 1Tx-2Rx, ideal channel estimation, MMSE receiver, no HARQ.
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Figure 4.  Link performance curves for DFT-S-OFDM – 2Tx-2Rx (SFBC), ideal channel estimation, MMSE receiver, no HARQ.
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Figure 5.  Throughput curves for DFT-S-OFDM – 1Tx-2Rx, ideal channel estimation, MMSE receiver, HARQ (IR – 4 trans).
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Figure 6.  Throughput curves for DFT-S-OFDM – 2Tx-2Rx (SFBC), ideal channel estimation, MMSE receiver, HARQ (IR – 4 trans).





























































































































































































































































