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1 Introduction
During the discussion in RAN1 #60 meeting, the following topics of PUSCH resource allocation captured in the chairman notes are for further discussion:
Topics for further discussion

· Whether number of supported clusters needs to be limited

· If so, to how many

· Any restrictions on size of clusters

· minimum size?

· equal size?

· total size?

· Factors to take into account:

· Performance

· Scheduling flexibility

· Signalling design

· RAN4 input

And in RAN4 #54 meeting, the LS on simultaneous PUSCH and PUCCH and clustered SC-FDMA was sent to RAN1. There were two questions put forward in the liaison, one of which is about the PUSCH resource allocation as follows:
Question 1:

RAN1 has shown that clustered DFT-SOFDM transmission on PUSCH could increase the uplink spectral efficiency. Has the impact of UE power back-off been accounted for in the assessment of the resulting UL spectral efficiency? Certain clustered DFT-SOFDM transmissions across contiguous or non-contiguous CC or within a CC will not meet core radio requirements without a reduction of the maximum transmit power. The required maximum power back-off is in the range 4-6 dB when two RBs are allocated at two ends of the transmission bandwidth. Other RB allocations require much smaller backoff. The backoff could be up to 10 dB  in some cases. What is the impact of such a power back-off on the aggregate uplink signal per CC and for aggregated CC(s), respectively?

In this contribution, the topics for further discussion and the Question 1 in the liaison from RAN4 on PUSCH resource allocation will be discussed based analysis and system simulation results shown in the appendix.
2 Discussion
In RAN1#55bis, it was agreed that UL non-contiguous resource assignment within a single component carrier would be supported in LTE-A, but the related issues are not yet decided and need a further discussion.

Whether number of supported clusters needs to be limited
Many simulations have been done to evaluate the CM and system performance. The results given in the appendix indicate that the gain of non-contiguous resource allocation is roughly only 8 – 9% comparing to the contiguous RA. The performance difference between 2 clusters and more than 2 clusters is minimum. Therefore, from performance point of view, limiting cluster number to 2 has almost no performance loss. Note that channel estimation loss due to non-contiguous resource allocation and the impact of larger PDCCH size are not modelled in the simulation. These 2 factors can further reduce the gain from non-contiguous RA.
Any restrictions on size of clusters

More restricted and complicated scheduling is not desirable. Given the small potential gains for non-contiguous RA and that UL non-contiguous RA is not needed to meet any requirements for LTE-A, the amount of effort for standardizing the feature should be minimized. 
Signalling design
It is not preferred to introduce a new DCI format only for the purpose of non-contiguous transmission. The solutions most similar to Rel-8 are reusing the DL resource allocation type 0 and/or 1 and using two grants to allocate two clusters. Another possibility is to share the same DCI format with UL MIMO mode.
RAN4 input and Performance issue
The clustered DFT-SOFDM transmission on PUSCH could increase the uplink spectral efficiency according to the simulation result from many companies. In this contribution, the impact of UE power back-off was evaluated and the results are given in the appendix. In our simulation, the power back-off is fixed to 4dB, 6dB and 10dB, and is the same to all the UEs, to see whether it has a big impact to the average cell throughput and average cell edge throughput. 
The results show that the gain of 2 or more clusters is roughly 9% comparing to one cluster. When the transmit power back-off of all the UE is fixed to 4dB, 6dB or 10dB, the average cell throughput loss, comparing to power back-off only due to CM increase, is up to 0.1%, 0.8% and 3.5% respectively.
3 Conclusion
In this contribution, the topic on PUSCH resource allocation is discussed and the system simulation is done. The power back-off is assumed to be 4dB, 6dB or 10dB, same to all the UE, to see whether it has a big impact to the average cell throughput and average cell edge throughput. From the system performance result in the appendix, the conclusions are as following:
· From the system performance results, whether limiting cluster number or not has very small impact on the system performance.
· Given the small potential gains from non-contiguous RA and that non-contiguous RA is not needed to meet any requirements for LTE-A, the amount of effort for standardizing the feature should be minimized.
· More restricted and complicated scheduling is not desirable.
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Appendix

Simulation Assumptions 

The power back-off is assumed to be the fixed 4dB, 6dB and 10dB, the same to all the UE, to see whether it is a big impact to the average cell throughput and average cell edge throughput.
	· Parameter
	· Assumption

	· PUSCH RA
	· Non-contiguous (Clustered DFT-S-OFDMA)

	· System BW
	· 10MHz (50RBs)

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

	· Antenna configuration
	· 1x2

	· UE speed
	· 3 km/h

	· Channel model
	· SCM

	· Power control
	· Open loop and Closed loop power control

	· Scheduler
	· PF

	· Traffic Model
	· Full Buffer

	· Total UE TX power
	· {0 1 1.6}dB power back-off
	· Clustered DFT-S-OFDMA{23 22 21.4}dBm
· 1cluster: 23dBm, 2clusters: 22dBm, more than 2 clusters: 21.4dBm

	· 
	· 4dB power back-off
	· Clustered DFT-S-OFDMA{23 19 19}dBm
· 1cluster: 23dBm, 2clusters: 19dBm, more than 2 clusters: 19dBm

	· 
	· 6dB power back-off
	· Clustered DFT-S-OFDMA{23 17 17}dBm
· 1cluster: 23dBm, 2clusters: 17dBm, more than 2 clusters: 17dBm

	· 
	· 10dB power back-off
	· Clustered DFT-S-OFDMA{23 13 13}dBm
· 1cluster: 23dBm, 2clusters: 13dBm, more than 2 clusters: 13dBm

	· Channel estimation
	· Ideal channel estimation

	· EVM
	· 17dB


Simulation Results 

Case 1

	UE Transmit Power 

{1 2 >2cluster}
	
	1 cluster
	2 clusters
	3 clusters
	4 clusters
	Without limiting maximum clusters 

	{23 22 21.4}
dB
	Average sector throughput (Mbps)
	9.725
	10.479
	10.564
	10.583
	10.611

	
	Gain
	　1
	1.078 
	1.086 
	1.088 
	1.091 

	
	Cell edge user throughput (Kbps)
	204.56
	199.21
	201.6
	196.25
	200.85

	
	Gain
	1
	0.974 
	0.986 
	0.959 
	0.982 

	{23 19 19}
dB
	Average sector throughput (Mbps)
	　
	10.462
	10.579
	10.571
	10.587

	
	Gain
	　
	1.076 
	1.088 
	1.087 
	1.089 

	
	Cell edge user throughput (Kbps)
	　
	200.76
	203.44
	199.88
	199.62

	
	Gain
	　
	0.981 
	0.995 
	0.977 
	0.976 

	{23 17 17}
dB
	Average sector throughput (Mbps)
	　
	10.434
	10.519
	10.493
	10.494

	
	Gain
	　
	1.073 
	1.082 
	1.079 
	1.079 

	
	Cell edge user throughput (Kbps)
	　
	204.06
	205.01
	203.9
	206.4

	
	Gain
	　
	0.998 
	1.002 
	0.997 
	1.009 

	{23 13 13}
dB
	Average sector throughput (Mbps)
	　
	10.185
	10.236
	10.229
	10.24

	
	Gain
	　
	1.047 
	1.053 
	1.052 
	1.053 

	
	Cell edge user throughput (Kbps)
	　
	203.9
	201.39
	205.41
	207.32

	
	Gain
	　
	0.997 
	0.985 
	1.004 
	1.013 













































































