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1. Introduction

The working groups of 3GPP RAN have initiated discussions on proposals to support larger transmission bandwidths and greater system capacities for LTE‑Advanced (LTE‑A), in response to requirements drafted for IMT‑Advanced [1].  During 3GPP RAN WG4 meeting #49‑bis, a proposal [2] for work in RAN4 to further this system definition was discussed.  Motorola welcomes this proposal and these discussions.  This document summarizes Motorola’s positions on several of the constituent topics for discussion toward LTE‑A.
2. Current RAN1 discussion topics on LTE‑A
Significant discussion on LTE‑Advanced, has occurred within RAN1.  The main topics which are being discussed are as follows:
a. Support of wider bandwidth using carrier aggregation techniques
b. Uplink transmission scheme including UL spatial multiplexing: DFT‑precoded OFDM is the transmission scheme used for PUSCH both in absence and presence of spatial multiplexing.  In case of multiple component carriers, there is one DFT per component carrier.  Both frequency‑contiguous and frequency‑non‑contiguous resource allocation is supported on each component carrier.
c. Downlink Spatial Multiplexing: Simulations are available for DL spatial multiplexing with up to eight layers.

d. Co‑ordinated multiple point transmission and reception (COMP) including ICIC techniques.
e. Relaying functionality.
The following summarizes Motorola’s view on carrier aggregation, relays, and UL multiple access schemes, which have immediate relevance for RAN4.
a. Spectrum utilization and the need for guard bands between component carriers

Motorola’s view within RAN1 is to initiate study and development under the assumption of the same numerology as in Release 8 and without any particular deployment assumption (e.g., guard band; subcarriers needed between adjacent component carriers; center frequency spacing).  RAN4 should discuss the topic of how to combine inter‑ and intra‑spectrum bands for LTE‑A with concern for compatibility with existing Release 8 methods and signaling.
b. Bandwidth aggregation and downlink/uplink asymmetry

· LTE‑A should be able to operate with the downlink and uplink allocations being either asymmetric or symmetric.

· Component carrier bandwidths less than 20MHz may need to be supported.
· Aggregation that results in a total bandwidth less than 20MHz may be allowed for carriers which are not contiguous and for contiguous aggregation where the combined bandwidth currently is not supported.
· Contiguous and non‑contiguous carrier aggregation should be supported.
The key goal of carrier aggregation is efficient use of contiguous and non‑contiguous spectrum allocation for operators so that one can reduce the cost per bit by using larger bandwidths, thus enabling very high data rate transmission.  To this end RAN4 should investigate:

i. Developing bandwidth aggregation scenarios based on operator needs
ii. Technical feasibility of the scenarios, including co‑existence issues, eNodeB and UE transmitter and receiver characteristics, etc.
c. Uplink multiple access schemes 

DFT‑precoded OFDM is the transmission scheme used for PUSCH.  In case of multiple component carriers, there is one DFT per component carrier.  An example of the block diagram for uplink carrier aggregation is shown in Figure 1. 
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Figure 1.  Example block diagram for uplink carrier aggregation.
In addition to carrier aggregation, several additional features are being introduced in the uplink.  Both frequency‑contiguous and frequency‑non‑contiguous resource allocation is supported on each component carrier.  In addition, spatial multiplexing with up to 4 transmit antennas will also be supported.
d. Support for relay‑based extension of system deployments
Inclusion of relays within LTE‑A system deployments should be supported using existing Release 8 band and spectrum definitions.  The RAN4 work on relays also should include defining the transmitter and receiver characteristics of relays.  One relevant point for RAN4’s simulation work in general was discussed within the context of relays.  Motorola noted significant performance differences depending upon the method of UE placement [3], highlighting the need for a clear statement of system simulation assumptions.
3. Simulation Cases for the topics discussed above
The specification document for PHY layer aspects for E‑UTRA with respect to LTE‑A [4] indicates several scenarios for simulation of homogeneous deployments.  Within this set, there are three simulation cases which should be primary for investigation by RAN4 to evaluate carrier aggregation.  As seen in Table 1, three cases specify asymmetric and large bandwidth aggregation amounts for an FDD system of 80 MHz (downlink) and 40 MHz (downlink).  These cases present the greatest challenge to defining the LTE‑A system with carrier aggregation, and thus should be the main ones to be evaluated by RAN4.  These cases also must be formulated with particular attention paid to the E‑UTRA operating frequency bands.

Table 1.  E‑UTRA simulation case minimum set (from [4], Table A.2.1.1‑1)
	Simulation Cases
	Carrier Frequency (GHz)
	ISD (meters)
	Bandwidth (MHz)
	Path Loss (dB)
	Speed (km/h)
	Additional  Simulation 

Parameters

	3GPP case 1
	2.0
	500
	FDD:10+10  TDD: 20
	20
	3
	Table A.2.1.1‑2 [4] and 25.814

	3GPP case 1 extended
	2.0
	500
	FDD:80+40*
TDD: 80*
	20
	3
	Table A.2.1.1‑2 [4] and 25.814

	3GPP case 3
	2.0
	1732
	 FDD:10+10  TDD: 20
	20
	3
	Table A.2.1.1‑2 [4] and 25.814

	ITU Indoor,  
Indoor hotspot scenario
	3.4
	60
	FDD:20+20  TDD: 40*
	N.A.
	3
	[IMT Eval] Section 8

	ITU Indoor extended,  
Indoor hotspot scenario
	3.4
	60
	FDD:80+40*
TDD: 80*
	N.A.
	3
	[IMT Eval] Section 8

	ITU Microcellular, 
Urban micro‑cell scenario
	2.5
	200
	FDD:10+10  TDD: 20 
	See [IMT Eval] Annex.1
	3
	[IMT Eval]

Section 8

	ITU Base coverage urban,
Urban macro‑cell scenario
	2.0
	500
	FDD:10+10  TDD: 20
	See [IMT Eval] Annex.1
	30
	[IMT Eval]

Section 8

	ITU Base coverage urban extended,
Urban macro‑cell scenario
	2.0
	500
	FDD:80+40*
TDD: 80*
	See [IMT Eval] Annex.1
	30
	[IMT Eval]

Section 8

	ITU High speed, 
Rural macro‑cell scenario
	0.8
	1732
	FDD:10+10  TDD: 20
	See [IMT Eval] Annex.1
	120
	[IMT Eval]

Section 8


(*) Pending availability of applicable channel model.

In RAN1, bandwidth larger than 20 MHz is to be supported through carrier aggregation.  From Table 1, it can be seen that many simulation cases will require aggregation of at least 4 carriers in the downlink and 2 carriers in the uplink for FDD, and aggregation of at least 4 carriers for TDD.  Thus, it is proposed that RAN4 priority should be as follows–

· RAN4 provides RAN1 with recommended carrier aggregation configurations (e.g. frequency band, carrier spacing, and bandwidth) for the FDD:80+40 and TDD:80 simulation cases.

· RAN4 evaluates resource allocation (e.g. number of resource blocks, guard band) for the proposed RAN4 carrier aggregation configurations.  For instance, with aggregation of contiguous component carriers, it may be possible to relax guard band requirements and increase the number of supported resource blocks within each component carrier.  Note that a maximum of 110 resource blocks per component carrier still applies. 

· RAN4 identifies and evaluates possible interference issues among component carriers for the proposed RAN4 carrier aggregation configurations.

· The RAN4 work on relays and COMP can start after the work on carrier aggregation has proceeded.
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