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1. Introduction

In RAN1#55, the following conclusion was reached regarding uplink access scheme for LTE-A –

· For case of no spatial multiplexing, one DFT per component carrier and one transport block per component carrier 
In addition, it was to be decided whether the followings will also be supported –

· Non-contiguous resource block assignment within one component carrier 
· Concurrent transmission of control and data of PUCCH and PUSCH 
This contribution evaluates the benefits and drawbacks of the proposal to allow non-contiguous resource allocation.  With non-contiguous resource allocation, typical frequency selective scheduling gain on the order of 12-15% can be seen for full buffer traffic comparing to around 5% frequency-selective gain with contiguous resource allocation. PUSCH resource hole can be greatly reduced when the number of active users is small.  However, with the introduction of this feature, UE and system complexity will increase.  In addition, cubic metric loss will negate some of the system gain. Therefore, we propose not to introduce non-contiguous resource allocation within one component carrier for uplink transmission.
2. Non-contiguous Resource Allocation in Uplink 
Several pertinent issues related to non-contiguous resource allocation within one component carrier in the uplink are discussed in this section.  
Cubic Metric Loss: One drawback of supporting non-contiguous resource allocation is the increase in cubic metric as summarized in Table 1 for 16-QAM.  The cubic metric increase translates to lower maximum transmit power, and hence lower coverage to cell-edge users that transmit at maximum or near-maximum power, especially in noise-limited environments.

Table 1.  Cubic metric increase with multi-cluster transmission.

	Number of Cluster
	Cubic Metric Increase (dB)

	2
	0.6

	5
	0.7


Since only a fraction of UEs will transmit at the maximum output power, it is worthwhile to investigate the impact on UEs in the cell interior that often transmit using only a portion of the maximum power.  For UEs at the cell edge, contiguous allocation can be used to maintain the same coverage.
Impact to Specifications: With the introduction of this feature, additional DCI formats for PUSCH scheduling grant will need to be supported.  Existing formats for PDSCH assignment may be reused if appropriate, thus minimizing changes to the specification.  In addition, several other uplink designs such as DMRS and SRS, sounding procedure, data and control multiplexing, and resource element mapping may need to be modified.  Also, with adoption of this feature, concurrent transmission of control and data of PUCCH and PUSCH is possible and may be supported.  Thus, there is a potential that significant changes to the specifications will be required. 
Impact to UE and System: With more DCI formats for PUSCH scheduling grant, this may increase the blind decoding burden on the UE. In addition, there will be a small coverage loss as a larger scheduling grant must be used.  However, when configured and used appropriately and intelligently, the impact to the UE is expected to be small.  In addition, if this option is allowed, there is a possibility to transmit control and data of PUCCH and PUSCH concurrently without control/data multiplexing, which can save some implementation complexity.  From a system perspective, however, this feature requires changes to management functionalities and algorithms such as PDCCH management, channel estimation algorithm, SRS management, and control/data multiplexing.  As a result, the impact to system design and complexity is not trivial and should be considered carefully.
Frequency Selective Scheduling Gain: The main advantage of non-contiguous resource allocation within one component carrier is the frequency selective scheduling gain.  In [1]-[5], gains from non-contiguous resource allocation were analyzed.  Based on the results shown, with non-contiguous resource allocation and full-buffer traffic, it is seen that there is a gain of approximately 12-15% in sector throughput and 17-25% gain in cell edge throughput. In comparison, with contiguous resource allocation as in Release-8 and full buffer traffic, the gain from frequency selective scheduling is around 5% for case-1 as shown in Table 2. Therefore, the difference between non-contiguous and contiguous resource allocation is around 7-10%. 

Table 2. System simulation results for case-1.
	Traffic Type
	Sector Throughput w/o FS Scheduling
	Sector Throughput w FS Scheduling
	5% Throughput w/o FS Scheduling
	5%Throughput w FS Scheduling

	Full Buffer
	7.8 Mbps
	8.16 Mbps
	100 Kbps
	100 Kbps


However, in these analysis, ideal channel knowledge and full-buffer traffic were usually assumed. With realistic channel knowledge and traffic types, the gain as well as the difference of the gains for these two type of resource allocation reduces. In addition, the overhead needed to support this feature such as additional SRS transmission and larger PDCCH control channel was not considered. Under realistic scenarios, the actual gain from non-contiguous resource allocation must be weighed against careful consideration of the additional UE and system complexity.
PUSCH Bandwidth Utilization (Resource Fragmentation): With non-contiguous resource allocation, PUSCH resource fragmentation can be eliminated or greatly reduced.  Resource fragmentation occurs when certain resource blocks cannot be assigned due to single carrier requirement and/or lack of users.    As a result, spectral efficiency loss can occur.  In [2], 6.5% improvement in bandwidth utilization was observed with 10 UEs per cell when non-contiguous allocation was used.  In general, this problem is less severe as the number of available users in the system increases, as more users can be scheduled to fill in the resource gap.  Thus, in a typical deployment with large number of users in a cell, the spectral efficiency loss is expected to be very small.  However, it should be noted that even with sufficient number of users, control channel limitation may prevent large number of users to be scheduled in one subframe.  Thus, it may still be beneficial to allow non-contiguous allocation.  With non-contiguous resource allocation, the issue of PUSCH resource hole can be greatly reduced or even eliminated while keeping control overhead small.
Frequency Diversity Gain: Figure 1 shows link level performance for QPSK and 16-QAM.  For SIMO 1Tx-2Rx configuration, the gain is approximately 0.15dB for QPSK and 0.08dB for 16-QAM at the 10% BLER operating point.  With SFBC transmit diversity, the gain at 10% BLER shrinks to below 0.1dB.  Due to the increase in the cubic metric shown in Table 1, it is seen that there is a net performance loss.  In addition, impairments and overhead associated with this feature such as potential channel estimation loss and increased control channel signalling were not considered.  As a result, non-contiguous transmission should not be used to provide additional frequency diversity gain.   It should also be noted that current Rel-8 intra-subframe hopping can already provide sufficient frequency diversity.
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Figure 1.  Link frequency diversity gain with non-continuous allocation.

3. Conclusions
This contribution evaluates the benefits and drawbacks of the proposal to allow non-contiguous resource allocation. With frequency selective scheduling, the gain from non-contiguous resource allocation on the order of 7-10% can be seen for full-buffer traffic. However, with realistic traffics and the associated SRS overhead, this gain reduces significantly. In addition, PUSCH resource hole can be greatly reduced when the number of active users is small. However, with the introduction of this feature, UE and system complexity will increase.  In addition, cubic metric loss will negate some of the system gain. Therefore, we propose not to include non-contiguous resource allocation within one component carrier.
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