Page 2
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #51bis
R1-080413
Sevilla, Spain, 14th – 18th January 2008
Agenda Item:
8
Source: 
Ericsson
Title:  
System performance of Synchronized E-DCH
Document for:
Discussion
1 Introduction
A study item on Synchronized E-DCH has been approved ‎[1].

This contribution presents and compares system simulation results for three cases:

· “Normal CDM” i.e. Rel-7 E-DCH with non-synchronized user-specific scrambling code
· “USTS” i.e. synchronized E-DCH with users sharing a cell-specific scrambling code tree
· “TDM” i.e. synchronized E-DCH with TDM between users

The contribution also gives an analysis of the impact of imperfect synchronization and some discussion.
2 System simulations
The simulation parameters are listed in Table 1. Other simulation assumptions:
· The UE is synchronized in the serving cell and non-synchronized in any other cells in the active set.
· A static factor expresses how much of the received power can be regarded as effective interference.

· No code limitation is considered.
Table 1: System simulation parameters
	Network layout
	7 NodeB with 3 cells each, i.e. 21 cells in total

	Site-to-site distance
	500 m

	Antenna pattern
	3D antenna model with 10 degrees down tilt

	Penetration loss
	0 dB

	Number of simultaneous users per cell
	4 in the “Normal CDM” case
4 in the “USTS” case
1 in the “TDM” case

	Service
	EUL only

	EUL traffic model
	Full buffer

	16QAM
	Enabled

	Receiver
	Ideal dual antenna LMMSE

	Channel Delay Profile
	Pedestrian A

	Speed
	3 km/h


The simulation results are shown in Figure 1. The “otho factor” is a non-orthogonality factor expressing how much of the received power that can be regarded as effective interference. Ideal synchronization is modeled when “otho factor” is zero.
The simulation results show that USTS can provide throughput gains compared to normal CDM and the gain depends on the orthogonality between UEs in the cell. With ideal synchronization, USTS can achieve similar performance as TDM.
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Figure 1: System simulation results
3 Impact of imperfect synchronization
In this chapter we analyze the impact of imperfect synchronization on USTS performance.
Also TDM requires synchronization between users, but not with the same level of accuracy. USTS requires sub-chip accuracy, while a timing error of multiple chips between users should be tolerable for TDM. Therefore, this analysis focuses on the USTS case.
It is assumed that there are A users in a cell, each with power P. Own cell interference is modeled as
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where γ is the non-orthogonality factor that takes into account both the imperfect synchronization and the dispersion of the channel. It is assumed that all users are subject to the same offset and therefore this could be considered as a worst case. Other cell interference is modeled as a fixed ratio of the interference generated by A users,
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The received SINR for a user is then
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Table 2 gives an example of the expected loss in throughput as a function of the synchronization offset for USTS with coding rate 0.75. The channel is PA3. Throughput results for conventional E-DCH (“Normal CDM”) are also given assuming a coding rate of 0.33. Note that the throughput loss due to imperfect synchronization can be relevant for offsets > 1/8 of the chip period. The analysis is consistent with the system simulation results.
In addition, note that the example in Table 2 is not a code limited scenario as the number of users even for the case of perfect synchronization is lower than 14 (USTS with SF=16). Varying the ratio between own and other cell interference (factor F) and/or the coding rate of USTS, it is possible to analyze also the code limited scenario. The conclusion about the imperfect synchronization impact is the same.

Table 2: Analysis of throughput vs. synchronization offset for USTS for low dispersion.

	RoT
	6
	dB
	 
	 
	 
	 
	 

	F
	1.70
	
	
	
	
	
	

	 
	
	
	
	
	
	
	

	USTS
	
	
	
	
	
	 
	Normal CDM

	Synch offset
	0
	1/8 Tc
	¼ Tc
	½ Tc
	¾ Tc
	Tc
	

	Synch factor γs
	0
	0.055
	0.225
	0.69
	0.96
	1
	

	Orth factor γo
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	

	Tot orth factor γ
	0.1
	0.1495
	0.3025
	0.721
	0.964
	1
	1

	 
	
	
	
	
	
	 
	

	Bit rate (kbps)
	358
	358
	358
	358
	358
	358
	336

	Coding rate
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75
	0.33

	Ec/N0 (per ant.) in dB
	-8.5
	-8.5
	-8.5
	-8.5
	-8.5
	-8.5
	-10.5

	 
	
	
	
	
	
	 
	

	Max Cell TP ~5 Mbps if operating with spectral efficiency 1 bps/Hz
	

	 
	
	
	
	
	
	 
	

	Nbr of users
	7.9
	7.4
	6.3
	4.6
	4.0
	4.0
	5.9

	Cell TP (kbps)
	2813
	2648
	2255
	1648
	1446
	1421
	1990

	 
	
	
	
	
	
	 
	

	TP loss due to synch offset
	0%
	5.9%
	19.9%
	41.4%
	48.6%
	49.5%
	 


4 Discussion and Conclusion
The simulation results show that average throughput performance similar to USTS can be achieved by TDM instead. TDM has an additional advantage in delay performance in that users scheduled earlier can finish transmission sooner rather than having all users sending packets finishing at the same time.
In a scenario where UE power limitation comes into play to a larger degree than in the scenario studied in this contribution, it is possible that USTS might perform better than TDM. The scenario in this contribution was selected as a scenario where high data rates are likely to be seen (with moderately sized cells and a fairly high degree of cell isolation).
The analysis of the impact of imperfect synchronization indicates that better than ¼-chip accuracy and a fairly nondispersive channel is required in order for the user to obtain better performance with USTS than with normal CDM. TDM should be much more tolarant to imperfect synchronization between users.
One potential concern with TDM is interference peaks and their impact on power control loops. However, such interference can be addressed by advanced receiver techniques that suppress or cancel such interference. These techniques should perform well with TDM scheduling as the number of interfering signals at any given time is small.
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