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1 Introduction
Non-contiguous PUSCH resource allocation was discussed in RAN1 #60 and in RAN4#54. In RAN1, several contributions on non-contiguous PUSCH allocation were discussed and more discussion on performance gain is expected in the current meeting. 
In RAN4, several contributions [1-5] highlighted how non-contiguous PUSCH transmissions and simultaneous PUSCH/PUCCH transmissions generate higher unwanted emissions compared to current REL-8/9 uplink thereby negatively impacting OOB emissions, spurious emissions, in-band emission and ACLR. Accordingly, RAN4 is evaluating methods to mitigate unwanted emissions due to non-contiguous PUSCH (and simultaneous PUSCH/PUCCH) and bring them down to Rel8/9 levels by using additional PA back off [6].

In this contribution we present non-contiguous PUSCH performance simulation results showing the impact of UE implementation aspects such as additional PA back off (i.e., A-MPR) and transmit power error on PUSCH and sounding transmissions. Results indicate that performance benefit obtained from non-contiguous PUSCH is significantly reduced when such implementation aspects are considered. 
2 Simulation Details
Figures 1-3 show uplink throughput performance (in terms of average and 5%-ile user throughput) for contiguous and non-contiguous resource allocation with/without A-MPR. Based on RAN4 discussions, a 4dB A-MPR value is assumed. Also, based on Rel8 UE transmit power tolerance allowances given in TS 36.101 table 6.3.5.2.1-1 a maximum of 2dB or 4dB transmit power error value is added to all UE uplink transmissions. These values are at the lower end of the tolerances allowed in Rel8 given the UE transmit power in LTE can vary significantly between sub frames (e.g. between PUCCH/PUSCH or between PUSCH/PUSCH with different number of allocated RBs). Transmit power errors made by the UE hardware are not captured in the UE power headroom report (PHR) and thus not reported to the eNodeB as an estimate of the error made by the UE in a given subframe is available to the UE only after the transmission in that subframe
. Other simulation assumptions are in alignment with previous 3GPP evaluations and are described in detail in Annex – A.  
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Figure 1 – Uplink System performance (No transmit power errors)
[image: image2.emf]Uplink System Performance (3GPP Case1 -2D, 2dB transmit 

power error)

0

100

200

300

400

500

600

700

800

900

Contigous Non-contigous (no A-

MPR)

Non-contigous (4dB A-

MPR)

Scenario

Throughput

Avg. tput (kbps)

5%le tput (kbps)


Figure 2 – Uplink System performance (2dB max transmit power error)
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Figure 3 – Uplink System performance (4dB max transmit power error)
	Maximum UE Transmit Power Error
	A-MPR
	Avg tput gain over Contiguous 
	5%le tput gain over Contiguous 

	No error
	No A-MPR
	7%
	7%

	
	4dB A-MPR
	7%
	-4%

	2dB max error
	No A-MPR
	3%
	4%

	
	4dB A-MPR
	3%
	-4%

	4dB max error
	No A-MPR
	1%
	1%

	
	4dB A-MPR
	2%
	-8%


Table 1 – Uplink System performance gain with Non-contiguous PUSCH

Table 1 summarises observations that can be made from the simulation results. Results indicate that adding an additional A-MPR for overcoming undesirable RF emissions created by non-contiguous uplink transmissions considerably degrades cell edge performance of non-contiguous. Results also indicate that the gain obtained for non-contiguous PUSCH after accounting for UE transmit power errors is significantly smaller when compared to the case without transmit power errors. This can be attributed to the reduced ability of the eNodeB to accurately determine the appropriate RB allocation and MCS for each UE which is even more important for obtaining any significant gain from non-contiguous over contiguous frequency selective scheduling. 
3 Conclusions
Considering the aspects listed below we propose that non-contiguous PUSCH (i.e.,clustered DFT-SOFDM) is not supported for LTE Rel10 at least for the case where the UE is configured to transmit on only one uplink CC. 


· Non-contiguous uplink transmissions (non contiguous PUSCH or simultaneous PUSCH/PUCCH) generate higher unwanted UE emissions compared to current REL-8/9 uplink. This negatively impacts UE ability to meet OOB emissions, spurious emissions, in-band emissions and ACLR requirements.

· System performance gain obtained by using Non-contiguous PUSCH is considerably reduced when UE implementation aspects such as transmit power errors are considered. 

Proposal: When a UE is configured to transmit on one UL CC, only contiguous resource allocations within that CC are supported for LTE Rel10.
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5 Annex A – Simulation assumptions
	Parameter
	Assumption

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

	Deployment Scenario
	3GPP Case1, 500m ISD, 10MHz system bandwidth

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model SCM-C (Urban Macro, high spread )

	UE TX power (Ptotal)
	24dBm (with appropriate CM backoff)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	Number of users per cell
	10

	HARQ
	IR with N=8 stop-and-wait HARQ protocol

	Link to system Mapping
	Symbol SINR computed using methodology described in R1-051335 (RAN1 #43, Motorola, Nov 2005). Realistic channel estimation assumed. 

	UE Transmitter x E-UTRA BS Reciever
	1x2

	Other Cell interference
	Explicitly modeled 

	Overhead
	PUCCH overhead of 4RBs modeled. Sounding overhead not modeled.

	Scheduler
	PF in time domain. Number of allocated RBs evenly distributed across UEs scheduled in a given sub frame. Number of RBs allocated to a UE restricted to be a multiple of 2, 3, 5. Exact RB position determined based on wideband sounding measurements for both contiguous and non-contiguous PUSCH.  No restriction on number of clusters for non-contiguous PUSCH. Maximum of 7 UEs scheduled per subframe 

	Power Control
	Fractional PC with alpha=0.75.  Average IoT measured at ~8dB. Same set of power control parameters used for all simulation test cases.

	UE transmit power error modeling
	A random error chosen from a uniform distribution (-Δmax, Δmax) dB is added to total UE transmit power. Δmax values of 2dB and 4dB are simulated. Error is updated on a per sub frame basis (on those sub frames that UE is scheduled). Error modeled in a sub frame is not correlated to errors in other sub frames.  Error modeled for one UE is not correlated with error modeled for other UEs.  Same error is added for all the symbols in a sub frame


� PHR can capture any transmit power errors made by the UE due to incorrect TPC command reception. 
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