Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1#51bis
Tdoc  R1-080370
Sevilla, Spain, Jan. 14-18, 2008 



Agenda Item:
7
Source: 
InterDigital
Title:  
Intercell Interference with Enhanced Uplink for CELL_FACH 
Document for:
Discussion

1 Introduction

The basic operation for using E-DCH in CELL_FACH state has been studied as part of the “Enhanced Uplink for Cell_FACH State in FDD” work item. As of RAN#37, a number of general conclusions have been agreed [1] among which:  
· After an initial ramp-up procedure, the UE is assigned E-DCH resources;

· A maximum Transport Block Size is FFS;
· The validity of E-DCH resource is FFS;
· Both 10ms and 2ms TTIs are supported in cell FACH state. 
In a study of cell edge performance, [2] evaluated the maximum transport block size (TBS) for a cell edge UE in order to match the coverage of a Release 99 RACH. Its authors also mentioned that an upper limit may be imposed in order to limit the interference caused by the cell edge UEs into neighbour cells (and in [3] actually proposed that).
In this contribution we attempt to determine what the upper limit of the transport block size should be if the restriction is applied to all UEs, and we estimate the impact of such a restriction.

2 Transport Block Size Restriction

Unike the RACH transport channel which has a fixed duration, the duration of the E-DCH transmission is variable depending on the amount of data to be transmitted. As a result, depending on its location and transmission power, a UE may cause prolonged interference to the neighbour cells. One solution, proposed in [2], is to limit the transport block size of all UEs using E-DCH in CELL_FACH. Another possible solution is to transition the UE to CELL_DCH as early as possible, and to use the benefits of macro diversity. As we will see, both solutions have drawbacks.
To determine the transport block size limit that should be applied to the UEs, the following crude analysis is performed. A large number of UEs are uniformly positioned within a 12-cells system deployment with an inter-site distance of 1 km. Log-normal shadowing is assumed with a standard deviation of 8 dB and an inter-site correlation of 0.5. For each UE, the maximum transmission power to not exceed a certain level of inter-cell interference in any neighboring cell is calculated. The transport block size corresponding to this maximum transmission power is then determined using the link results presented in [2], assuming a residual (after HARQ retransmissions) BLER of 1%. The results are obtained for various allowed levels of inter-cell interference (three cases are shown 5%, 10% and 20%) and for both the 2 ms and 10 ms TTI.
Figures 1 and 2 show the cumulative density function (CDF) of the maximum transport block (TB) size permitted in order to limit the interference to a desired percentage of the interference margin. The maximum noise rise over thermal is 5.2 dB.  The TB sizes shown on the graphs are from the available sizes specified in 25.321.
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Figure 1: CDF of Allowed Transport Block Sizes (2ms TTI)
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For a given level of allowed interference, a curve in one of the above Figures shows the distribution of the transport block size that a UE would be allowed to use if the network imposed a different limit for each UE. In such a case, UEs close to the base stations would benefit from higher transport block sizes. In case the network applies the same transport block size limit to all UEs, the limit has to be set so that most UEs (say 95%) would not transmit above their allowed transport block size for the maximum allowed interference as shown in Figures 1 and 2. Table 1 shows what the limit should be if 95% of UEs have to not generate more than a maximum level of inter-cell interference.

Table 1: Transport Block Size Limit so that 95% of UEs would not exceed the maximum allowed inter-cell interference
	Maximum Inter-Cell Interference allowed
	Maximum Transport Block Size [bits]

(2 ms TTI)
	Maximum Transport Block Size [bits]

(10 ms TTI)

	5%
	Unachievable (<120)
	166

	10%
	192
	517

	20%
	458
	1214


To demonstrate the penalty of limiting the TBS we can compare the limited to unlimited TBS. For unlimited TBS, from the graphs above, the median TBS are listed in Table 2. 

Table 2: Transport Block Size Statistics

	Maximum Inter-Cell Interference allowed
	Median Transport Block Size [bits]

2 ms TTI
	Median Transport Block Size [bits]

10 ms TTI

	5%
	682
	1680

	10%
	1053
	2421

	20%
	1406
	3217


We can also compare the throughput for the case where the TBS are not limited, to the case where the TBS are limited to a fixed value as provided by entries in Table 1.  The resulting improvements are shown in Table 3 for 2ms/10ms TTI.  The results clearly demonstrate that a significant improvement can be achieved when the TBS are not limited.
Table 3: Improvement in average target throughput for 1% residual BLER

	Maximum Inter-Cell Interference allowed
	2ms TTI
	10ms TTI

	5%
	>8x
	~13x

	10%
	~6x
	~5x

	20%
	~3x
	~3x


As mentioned this is a very crude analysis that does not reflect the real gain in a system, as it is based only on the ratio of limited TBS, to TBS that allows higher interference to neighbor cells. It is brought here to demonstrate the potential throughput gain if TBS are not all strictly limited to those possible at cell edge.
The reduction in E-DCH throughput that results from the limitation imposes increased transmission latency on all users for all except unloaded networks.
2.1 Macro diversity 

RAN-1 and RAN-2 have both agreed that it is possible to transition the UE to CELL_DCH with full macro diversity if so desired. To do so, however, the following steps must be taken:

1) UE must take averaged measurements of neighbor cells. If such measurements are not available or are dated, then the delay associated with taking those measurements must be added to the access latency. 
2) UE transmits those measurements to serving Node-B.
3) Serving Node-B need to transmit this to serving RNC which then configures all relevant cells incurring additional delays.
Transitions to CELL_DCH are therefore only beneficial if the UE is to keep the E-DCH resources for a relatively long period.
3 Conclusions
Limiting the transport block size for E-DCH UEs in CELL_FACH is an effective way to control interference into neighbor cells. However, the approach limits the data rate of all UEs (even those not contributing to the neighbour cell interference) which translates into a loss in uplink throughput and the resulting increase of latency to all. This negates some of the benefits of using E-DCH over RACH. 

Proposal: We ask that RAN study alternative approaches to limit interference power in neigbour cells caused by the use of E-DCH in CELL_FACH
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5 Appendix 

The results obtained in Section 2 are based on the following assumptions:
	Parameter
	Value

	Network Deployment
	12 cells with Inter-Site distance = 1km

	BLER
	As simulated in [2]

	Log Normal Shadowing standard deviation
	8 dB

	Inter-site correlation
	0.5

	Interference Margin (RoT)
	5.2 dB

	Maximum UE Transmit Power
	21 dBm

	E-DCH TTI [ms]
	2  and 10

	Target number of HARQ transmissions
	4






































































































3/4
2008-01-08

