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1 Introduction

In RAN1#55, several companies [1-5] proposed to introduce UL non-contiguous resource allocation (RA) within each component carrier and related UL MA (multiple access) schemes, including non-contiguous DFT-s-OFDMA and OFDMA, in addition to the Rel-8 localized DFT-s-OFDMA for the LTE-A uplink.
In this paper, we analyze the impacts on scheduling, PA, UL Grant, and system performance from non-contiguous RA within each component carrier, and then give a proposal.
2 Scheduling
In order to keep backwards compatibility, contiguous RA must be supported in the LTE-A system. Therefore, if non-contiguous RA within each component carrier is supported, two multiplexing options could be considered:
Option 1: Occupying the same bandwidths for contiguous and non-contiguous RAs;
Option 2: Dividing the entire bandwidth into contiguous and non-contiguous RA bands.
The cons and pros of introducing non-contiguous RA for scheduling are analyzed below.
2.1 Cons
(1) Collision between contiguous RA with FH and non-contiguous RA (option 1)
Without hopping, the multiplexing scheme could be simple. However, if the contiguous non-FH, contiguous FH and non-contiguous transmissions exist simultaneously, the scheduling will be more restricted and complex and needs carefully study. 
(2) Spectrum fragmentation (option 1& 2)
If option 1 is adopted, non-contiguous RA will introduce additional segmentation of the available spectrum, contiguous wide bandwidth may be hard to schedule. 
If option 2 is adopted, another constraint to use the UL bands will be added, especially, the number of the UEs employing contiguous RA or non-contiguous RA is changing dynamically. Furthermore, the frequency resources allocated to the FH users or non-contiguous users may be too narrow.
2.2 Pros
· The remaining RBs after contiguous RA can be scheduled to the other UEs efficiently [4, 1].
· The PUSCH band might be divided into several regions due to PUCCH emission control, so [1] details that non-contiguous RA is useful in this scenario. However, the edges of the system band used for PUSCH should be low power. Therefore, allocating the edge and middle frequency bands to a UE simultaneously may not be appropriate due to the existing power control mechanism.
· Allow concurrent PUSCH and PUCCH transmission.
2.3 Summary
Non-contiguous RA within each component carrier may not be preferred considering the impact on scheduler. Furthermore, relaxing some constraints on the control channel could be considered.
3 PA related issues
3.1 CM
A lower CM value means a higher PA efficiency and larger coverage, so the CM value should be controlled to minimize the power backoff in the UE. The CM of the non-contiguous RA schemes is higher than that of Rel-8 localized DFT-s-OFDMA (Shown in Appendix A). From table 3, we also know that many factors will impact the CM value of non-contiguous DFT-s-OFDMA, but OFDMA seems stable. When every chunk size is same, the CM value of non-contiguous DFT-s-OFDMA is smaller than that of OFDMA by 1-2 dB. When each chunk size is randomly changed, the CM gains of non-contiguous DFT-s-OFDMA decrease. 
3.2 Power control
If non-contiguous RA is adopted, power control scheme may need to be modified; at least other maximum allowed power value corresponding to CM should be defined. Furthermore, the maximum allowed power affects the allocated resource size, so if there are many power levels, it will complicate the scheduling. Therefore, if non-contiguous RA supported, non-contiguous DFT-s-OFDMA is not preferred considering the more complex power control due to the unstable CM value.
3.3 Summary
Non-contiguous RA within each component carrier will increase the CM value and impact the cell-edge coverage. If non-contiguous RA must be supported, OFDMA may be preferable and it should be limited in cell centre MIMO scenario.
4 UL Grant
In order to support non-contiguous RA, the new UL Grant formats are needed, which may increase the blind decoding attempts or need some extra signaling bits to decrease the blind decoding attempts. Furthermore, LTE-A will support the UL MIMO, which needs new UL Grant formats. Therefore, if non-contiguous RA must be supported, maybe it’s beneficial to be limited into the MIMO scenario to simplify UL Grant formats.
In order to support non-contiguous RA, if reusing DL non-contiguous RA method (Type 0 and Type 1), control signaling overhead will increase. 
5 Performance
The system level simulation is performed to compare the average sector throughput and cell-edge user throughput of contiguous RA and non-contiguous RA in case of non-power limited condition (Case1) and power limited condition (Case3).
Table 1 shows the non-power limited throughput comparison (Case 1). Non-contiguous RA OFDMA increases around 6% of sector throughput performance due to frequency selective scheduling gain, but has almost the same cell-edge throughput performance. 
Table 2 shows the power limited throughput comparison (Case 3). Around 2% of sector throughput performance improvement is obtained by non-contiguous RA OFDMA, but the cell-edge user throughput performance deteriorates obviously due to the maximum allowed power limitation. 
Table 1. Throughput comparison in Case 1 (Non-power limited)
	UL MA
	average sector throughput (Mbps)
	cell-edge user throughput (Kbps)

	DFT-s-OFDMA (contiguous RA)
	8.64 ( x 1 )
	261.56 ( x 1 )

	OFDMA (non-contiguous RA)
	9.18 ( x 1.06)
	261.05 ( x 1 )


Table 2. Throughput comparison in Case 3 (Power limited)
	UL MA
	average sector throughput (Mbps)
	cell-edge user throughput (Kbps)

	DFT-s-OFDMA (contiguous RA)
	6.74 ( x 1 )
	13.29 ( x 1 )

	OFDMA (non-contiguous RA)
	6.9 ( x 1.02)
	 5.71 ( x 0.43 )


Conclusions: Only considering around 6% of sector throughput performance improvement, maybe non-contiguous RA is unnecessary to be introduced in the SIMO scenario. Furthermore, the initial LTE UL MA study concluded that non-contiguous RA (OFDMA as the UL MA) was unnecessary due to higher CM and enhanced performance of localized DFT-s-OFDMA by advanced receiver, so there is no reason to introduce non-contiguous RA within each component carrier again.
In the MIMO scenario, non-contiguous RA could be further studied. 
6 Summary
In the SIMO scenario, considering the issues about scheduling, PA, UL grant, and marginal gain in system simulation performance, non-contiguous RA for each component carrier is not preferred. 
In the MIMO scenario, if OFDMA is introduced, non-contiguous RA for the cell-center MIMO users could be further studied.
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Appendix A. CM values in the non-MIMO case
Simulation assumptions: 20MHz bandwidth and the frequency position of each chunk randomly changed per symbol.
Table 3. CM values in non-MIMO case
	
	Non-contiguous DFT-s-OFDMA
(Same chunk size)
	Non-contiguous DFT-s-OFDMA
(different chunk size)
	Localized DFT-s-OFDMA
	OFDMA

	
	numbers of chunks
	number of chunks
	
	

	
	2
	3
	4
	2
	3
	4
	
	

	QPSK
	1.9658
	2.5364
	2.8284
	2.93
	3.1146
	3.25
	1.2113
	4.0

	16QAM
	2.6388
	3.0013
	3.1922
	3.58
	3.6
	3.6778
	2.1546
	

	64QAM
	2.7971
	3.0927
	3.2923
	3.7
	3.7
	3.752
	2.3934
	


Appendix B. Simulation Assumption
Table 4. System simulation assumption
	Parameter
	Assumption

	UL MA
	Localized DFT-s-OFDMA,

OFDMA

	PUSCH RA
	Contiguous (DFT-s-OFDMA),

Non-contiguous (OFDMA)

	System BW
	10MHz (50RBs)

	Number of UEs per sector
	10

	Number of max. UEs within a sub-frame
	10 UEs

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

	ISD
	500m (Case 1), 1732m (Case 3)

	Antenna configuration
	1x2

	UE speed
	3 km/h

	Channel model
	SCM

	Carrier frequency
	2GHz

	TTI
	1.0ms

	HARQ
	CC, Synchronous

	EVM modelling (Maximum C/I limited)
	17dB

	Link-to-system model
	MI

	Scheduler
	PF

	Traffic Model
	Full Buffer

	Maximum allowed power
	24dBm (Localized DFT-s-OFDMA),

22.1dBm (OFDMA, considering CM)

	SRS period
	10 TTIs

	SRS processing delay
	4 TTIs

	Power control
	Combined open loop and closed loop

	Receiver Algorithm
	MMSE

	Channel estimation
	Ideal

	Target BLER
	10 %














































































