3GPP TSG-RAN WG4 (Radio) Meeting #45                                

R4-071917
Jeju, Korea, 5 – 9 November, 2007
Agenda Item:
6.3
Source: 
Andrew Wireless Systems, Powerwave Technologies
Title: 
Delay in LTE Repeaters and their applications
Document for:
Approval
1 Introduction

Due to the filtering in a repeater it will cause a delay. This contribution investigates the system impact of such delay in E-UTRAN. It is part of the LTE repeater WI efforts.
2 Background

In LTE, a CP is introduced, filling a guard time between symbols in order to maintain signal orthogonality and to avoid inter symbol interference. It is here assumed that the different choices of CP is reflecting the anticipated environment in which the signals are to be transmitted.  In figure 1 below, two extreme paths are depicted: dBSdirect and dBSmaxpath. The difference in distance between them is to be travelled by the signal in a time shorter than or at maximum equal to the CP duration if inter-symbol interference (ISI) is to be completely avoided. If the signals from the different paths arrive at substantially different power levels in the BS, the ISI will be very low in any case, so the CP duration is critical mainly for signal arriving at the BS (or UE) at approximately equal power. 
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Figure 1.
schematic signal paths (UL). The signal paths for DL are approximately reciprocal.
3 Introducing repeaters

The essential function of a repeater is to introduce negative pathloss (gain) over new paths. When the repeater in figure 1 is introduced, further paths with similar total path loss as the original are thus introduced: dBSdonor + dRepeatermaxpath and dBSdonor + dRepeaterdirec are the two extremes in time difference. Since the repeater filters introduce a delay, δ, the total signal travelling time over the two paths are the time it takes to travel tdBSdonor + tdRepeatermaxpath plus δ and the time it takes to travel tdBSdonor + tdRepeaterdirec plus δ, respectively.
The CP shall still reflect the difference between the fastest signal travelling time and the slowest signal travelling time. The condition for complete avoidance of ISI is now:
eq1.
CP duration ≥ tdBSdonor + tdRepeatermaxpath + δ - tdBSdirect 
Looking into the duration of the CP we find that it is in the same order of magnitude as δ for normal high gain applications. This puts restrictions on the distance difference relation between the longest path through the repeater and the direct path to the base station. By planning the repeater application so that the repeater site is placed between the donor base station and the repeater covered area, eq1 collapses into:
eq2.
CP duration ≥ δ 
This way of planning is good practice in existing cellular systems already and represents no further condition for repeater applications.

4 Excess delay impact on system performance

Considering the case where the total signal travelling time difference is greater than the CP, a reasonable maximum travelling time difference is 2 CP durations (between approximately equal path loss paths). Here, the time difference will cause ISI.
The symbol duration is 1/15 kHz = 66.67 µs for 1024 OFDM symbols and 1/7.5 kHz = 133.3 µs for 2048 OFDM symbols. Approximating the CP to 5 µs, we find that the ISI corresponds to 7.5% symbol overlap, corresponding to a 0.34 dB decrease of the symbol energy and inherent s/n in the signal of 10.9 dB for the 66.67 µs symbols and to 3.8% overlap, corresponding to a 0.17 dB decrease of the symbol energy and an inherent s/n of 14 dB for the 133.3 µs symbols. 

It shall be noted that 5 µs corresponds to approximately 1.5 km, and thus, the likelihood for having approximately equal path loss over this distance difference is very unlikely in normal urban environment. The above examples should be considered extremes that are only encountered in very special conditions. 
5 Conclusion

Repeaters introduce an extra delay due to their filtering. More filtering causes more delay. 

OFDM is inherently robust against ISI due to the long symbol duration (in relation to the signal travelling time) and even extreme delay situations corresponding to the double duration of the CP results in relatively moderate impact on the coverage.
Traditional good practice in repeater applications guarantees that the extreme values do not occur.

There is no need to include any delay requirements in the FDD E-UTRAN repeater specifications.
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