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1 Introduction

In the previous 3GPP TSG RAN WG4#30, further details were requested on the text proposal R4-040143 regarding the Impact of Higher Chip Rate on Link Budget.  This analysis is presented in the form of a text proposal for TR25.895.  

2 Text Proposal
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5.4

Link Budget

This section evaluates the impact of higher chip rate TDD system on the link budget.  The link budget of a 7.68 Mcps TDD system is compared to that of a 3.84 Mcps TDD systems.  The analysis focuses on a single timeslot and is performed in noise limited and interference limited environments for the downlink and uplink.  
The path loss PLX, of a system X, in the downlink is given as:

PLX = PNB + C – SFX – NX – Eb/N0 Target + PGX

dB

where, PNB is the Node B transmit power in dBm and C is the fraction of code space used in dB.  SFX, NX and PGX are the spreading factor in dB, noise + interference in dBm and processing gain in dB respectively for system X. Note that the first three terms in the above equation correspond to the power per code used in the system X. Common factors that impact the path-loss such as antenna gain, feeder loss and receiver noise figure are assumed to be the same for all chip rate systems, thus the main difference between the systems is due to factors related to the difference in bandwidth.
In the uplink, the path loss of a system X is:

PLX = PUE – 10(log10(NC) – NX – Eb/N0 Target + PGX

dB

where, PUE is the UE transmit power in dBm and NC is the number of code used in the uplink.  
In this analysis X=1 refers to 7.68 Mcps TDD system whilst X=2 refers to 3.84 Mcps TDD system.  A common 8 kbps speech service is assumed for both systems, where the resources required in each system are summarized below [14]:

Table 1: Resources for 8 kbps speech service.

	TDD System
	Downlink
	Uplink

	7.68 Mcps
	SF32 ( 1 code ( 1 timeslot
	SF32 ( 1 code ( 1 timeslot

	3.84 Mcps
	SF16 ( 1 code ( 1 timeslot
	SF16 ( 1 code ( 1 timeslot


5.4.1

Noise Limited Environment
5.4.1.1
Downlink Link Budget
In the downlink, it is assumed that the maximum Node B transmit power and the fraction of code space used per timeslot in the network are the same for all systems.  For the same service and Eb/N0 target, the difference in path losses between two systems is:

PL1 – PL2 = (SF2 – SF1) + (PG1 – PG2) + (N2 –N1)

dB
For the same fraction of code space used, the power per code in the 3.84 Mcps TDD system is twice that of the 7.68 Mcps TDD system.  However, the 7.68 Mcps TDD system has twice the processing gain per timeslot compared to that of a 3.84 Mcps TDD system, which offsets the loss in power per code.  Hence, the difference in path losses between these two systems is dependent upon the noise and interference at the UE.  Thermal noise power in the 7.68 Mcps TDD system is twice that of the 3.84 Mcps TDD system.  Hence, in a noise limited environment, the 7.68 Mcps TDD system can only support 3 dB lower downlink path loss than that of a 3.84 Mcps TDD system. However this elementary analysis assumes that base station transmit power is equally divided between users, but if downlink power control is considered, the base station power is no longer constrained to be equally divided between all active users. In the case where full base station transmit power is dedicated to a single user in both systems, the increase in noise bandwidth in the 7.68Mcps system is offset by the improvement in processing gain, therefore the maximum downlink coverage can be considered to be the same for both systems.
5.4.1.2
Uplink Link Budget
In the uplink, it is assumed that the UE maximum power is the same for all systems.  Since, each system requires the same code resource for the 8 kbps service, the power per code is the same for all systems.  For the same service and Eb/N0 target, the difference in path losses between two systems is:
PL1 – PL2 = (PG1 – PG2) + (N2 –N1)

dB

The processing gain per timeslot in the 7.68 Mcps TDD system is twice that of the 3.84 Mcps TDD system.  Since the thermal noise power in the 7.68 Mcps TDD system is twice that of the 3.84 Mcps TDD system, the uplink path loss supported by the two systems are identical.
5.4.2

Interference Limited Environment
5.4.2.1
Downlink Link Budget

In the downlink, it is assumed that the Node B transmit power and the fraction of code spaces used are the same in all systems.
In a system that is completely limited by the downlink interference level, the thermal noise floor of the system can be considered to be negligible, thus the dependence of maximum path loss upon receiver bandwidth is removed and the C/I ratio at the UE is only a function of the total base station transmit power. The 3dB processing gain improvement of the 7.68Mcps system over that of the 3.84Mcps results in 3dB lower power per user for the high chip rate system, which in turn results in a doubling of the number of users supported when compared to the 3.84Mcps system.  Hence the link budgets in both systems are the same.
5.4.2.2
Uplink Link Budget
Similar to the evaluation in Section 5.4.1.2, for an interference limited environment, the difference in link budgets between two systems is dependent upon the interference and the processing gain of the systems.  The interference of each system is evaluated using a Monte Carlo simulation with 1000 snap shots to give a statistically significant result.  The simulation uses the parameters outlined in Annex B, where the network consists of 19 cells.  However, in this section, each cell has a Node B using an omni directional antenna with a gain including feeder loss of 11 dB.  The cell radius is reduced to 200 m to simulate an interference limited environment.  The Eb/N0 Target is 5.8 dB as suggested in [13] and Multiuser Detection is used in the simulation, which removes intra-cell interference.  In the uplink, the interference power is evaluated at the Node B in the central cell.
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Figure 1: Uplink interference & noise (thermal noise + interference) power against code space fraction.
The simulation results are shown in Figure 1, which contains plots of the downlink average interference and noise (thermal noise + interference) power in dBm against the fraction of the code space used for each system.  The pole capacity region when the fraction of code space used is greater than 0.8 is avoided and the interference limited environment is approximated by taking the results when the fraction of the code space used is between 0.6 and 0.8 (where the difference between interference and thermal noise is less than 3 dB).  The average differences in interference and link budget are summarized in Table 2.
Table 2: Difference in Interference Power and Link Budget (dB) - Uplink

	Systems Under Consideration
	Difference in Interference Power (dB)
	Difference in Path Loss (dB)

	7.68 Mcps – 3.84 Mcps
	2.89 dB
	0.12 dB


Although each UE in the 7.68 Mcps TDD system requires less power per code compared to that of the 3.84 Mcps TDD system, the 7.68 Mcps TDD system can accommodate twice the number of UEs per timeslot giving 2.89 dB more uplink interference power compared to that of the 3.84 Mcps TDD system.  The 7.68 Mcps TDD system has a small gain of 0.12 dB in uplink link budget over the 3.84 Mcps TDD system.

5.4.3
Conclusion
The link budget of the 7.68 Mcps TDD system is compared with that of the 3.84 Mcps TDD system in a noise limited and interference limited environments.  
For the noise limited case, the maximum supportable path losses in the downlink and uplink are found to be equivalent for both chip rates if the full base station transmit power is available to a single user in the downlink and the UE transmit powers for both systems are the same.  In this situation the additional processing gain in the 7.68Mcps system compensates for the increase in the noise bandwidth.
In the interference limited case, the noise bandwidth of the system is not a limiting case in the downlink system therefore the 7.68Mcps system is able to use the additional processing gain to support a larger number of users than the 3.84Mcps system.  Therefore, the downlink link budgets for both systems are the same.  In the uplink, the interference statistics are a little more complex and a Monte Carlo analysis has shown that the interference on the uplink for the 7.68Mcps system shows a small statistical improvement in uplink efficiency which appears to be due to the increased processing gain reducing the influence of the probability that a single UE will dominate the inter-cell interference during any one snap shot.

The results are summarized in Table 3.
Table 3: Differences in Link Budget (dB).

	Systems
	Noise Limited
	Interference Limited

	
	Downlink
	Uplink
	Downlink
	Uplink

	7.68 Mcps – 3.84 Mcps
	0 dB
	0 dB
	0 dB
	0.12 dB
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