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1. Introduction

Channel dependent scheduling will be beneficial in improving both cell edge and average cell throughput performance in the E-UTRA uplink based single-carrier FDMA. This paper compares the performance of three different multiplexing approaches for the scheduled E-UTRA uplink. The outline of this paper is as follows: Chapter 2 presents the considered multiplexing approaches, Chapter 3 contains a brief summary of the simulation assumptions, followed by the simulation results and Conclusions are given in Chapter 4.

2. Scheduling options

[1] investigates the relation of transmission bandwidth of pilot channel (i.e., CQI measurement accuracy) and the scheduled E-UTRA uplink performance. [1] concludes that a relatively narrow transmission bandwidth for the pilot channel, such as 1.25 MHz, provides a good trade-off between the achievable frequency/multi-user diversity and a sufficient CQI measurement accuracy. 

This paper compares the performance of three different multiplexing approaches for the scheduled E-UTRA uplink. In all the cases the scheduling bandwidth equals 1.25 MHz.  Option 1, shown in Figure 1, is based FDM (Frequency Division Multiplexing). The scheduling bandwidth consists of four adjacent sub-bands, each 312.5 kHz. The second option, shown in Figure 2, is also based on FDM, but the different sub-bands are distributed over the whole frequency band (5 MHz). An advantage of Option 2 is that it can utilize the frequency diversity provided by the whole system bandwidth, not only the scheduling bandwidth as in case of Option 1. The third option illustrated in Figure 3 is based on TDM (Time Division Multiplexing). 

It was assumed in the system simulations that there are a total of 16 users per 5 MHz in each cell regardless of the multiplexing scheme. This corresponds to four users per scheduling bandwidth. The pilot channel is transmitted in such a way that it covers the whole scheduling bandwidth (1.25 MHz) allowing user-specific CQI measurement separately for each sub-band. The pilot channel is transmitted in a distributed way and users in the same scheduling block are orthogonalized by means of FDMA. However, the data channel is transmitted using a localized transmission. 


[image: image1]
Figure 1. Frequency division multiplexing, adjacent sub-bands, Option 1.

[image: image2]
Figure 2. Frequency division multiplexing, non-adjacent sub-bands, Option 2.

[image: image3]
Figure 3. Time division multiplexing, Option 3.
3. Performance evaluation

This section presents the system level simulation results for different scheduling and multiplexing options. The simulation assumptions have been aligned to [2]. A network with 19 three-sector sites, i.e. in total 57 cells, is assumed. The sites are positioned on a regular hexagonal grid.  An inter-site distance (ISD) of 1732 m with a penetration loss of 20 dB was used. Complete simulation assumptions are given in the Appendix [2]. The system was assumed to be fully loaded with frequency reuse of 1/1.

Results are shown for full buffer and 16 UEs per sector per 5 MHz. Slow power control was used in the performance simulations. Link adaptation including HARQ with Chase Combining was explicitly implemented in the simulator. Link-to-System mapping was done using AVI interface. AVI curves were simulated assuming practical FDE receiver and realistic channel estimation algorithms. In this simulation the interference control was switched OFF. 

Table 1 shows the results of the performance evaluation. 

Table 1. Full Buffer, 5 MHz, ISD=1732 m.
	
	5 percentile user throughput (kb/s)
	Average sector throughput (Mb/s)

	FDM, Round Robin
	20.4
	2.78

	FDM, adjacent sub-bands (Option 1), Channel Dependent Scheduling (Proportional Fair)
	29.3
	3.10

	FDM, non-adjacent sub-bands (Option 1), Channel Dependent Scheduling (Proportional Fair)
	39.3
	3.44

	TDM (Option 3), Round Robin
	13.6
	2.55

	TDM (Option 3), Channel Dependent Scheduling (Proportional Fair)
	16.1
	2.63


The results in Table 1 show that FDM performs much better than TDM. The main reason that TDM suffers a severe coverage problem is due to the discontinuous transmission. A similar conclusion was drawn in [3]. At the same time we note that frequency domain channel dependent scheduling provides significant user throughput gain at the cell edge. Scheduling over non-adjacent sub-bands performs clearly better than scheduling over adjacent sub-bands. This is due to the fact that the degree of frequency diversity is much higher in the former case. 

[1] pointed out that increasing the scheduling bandwidth in the FDM approach with adjacent sub-band allocation (Option 1), increases the order of multi-user diversity, but at the same time decreases the accuracy of the CQI measurement. The results in Figure 4 show that distributed sub-band mapping can provide the increased degree of frequency diversity without degrading the CQI measurement accuracy.

4. Conclusion

This contribution illustrates that that the frequency domain channel dependent scheduling is an essential feature of E-UTRA uplink.  In order to maximize the cell edge performance it should be possible to allocate the different sub-bands in a non-adjacent way in the frequency domain. Time domain channel dependent scheduling is also needed in E-UTRA uplink and it is a good solution when coverage is not a problem. Finally, we note that in order to gain from frequency domain channel dependent scheduling , the minimum allocated bandwidth should be smaller than 1.25 MHz. It seems that the minimum bandwidth allocation for E-UTRA uplink should be of the order of 300 kHz.
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APPENDIX - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

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

	Inter-site distance
	1732 m

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

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	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 [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	2 GHz/5 MHz

	Channel model
	Typical Urban (TU) 

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	24dBm 

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs),

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Users dropped uniformly in entire cell
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	Minimum distance between UE and cell
	>= 35 meters


Text proposal 

-----------------------------------Start of text proposal-------------------------------------

9.1.2.2
Scheduling

The uplink should allow for both scheduled (Node B controlled) access and contention-based access. Both frequency and time domain channel dependent scheduling should be allowed. Furthermore, it should be possible to divide the scheduled bandwidth in such a way that different sub-bands are allocated in a non-adjacent way in the frequency domain. 
In case of scheduled access the UE is dynamically allocated a certain frequency resource for a certain time (i.e. a time/frequency resource) for uplink data transmission. 

However, some time/frequency resources can be allocated for contention-based access. Within these time/frequency resources, UEs can transmit without first being scheduled. As a minimum, contention-based access should be used for random-access and for request-to-be-scheduled signaling
In unpaired spectrum, system capacity may be improved through the use of localised FDMA contention-based access channels. The UE may select the access channel based upon knowledge of the channel state information measured on a recent downlink sub-frame
-----------------------------------End of text proposal-------------------------------------
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