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1
Introduction

RAN#31 approved a new work item called ‘Extended WCDMA Cell Range’ ‎[1] with the objective to remove the restriction in the UTRAN protocols that prevent operation in larger WCDMA cell sizes, without adding any new requirements on UEs for large WCDMA cell sizes.
Currently the WCDMA cell range is limited to around 60 km due to the limited ranges for the PRACH propagation delay measurement and the Round Trip Time (RTT) measurement specified in 25.423, 25.425, 25.433 and 25.435.
When the work item was approved, some concerns were raised regarding physical layer aspects. The purpose of this document is to address these concerns. We have studied the impact from extended cell range in the following areas.
· PRACH/AICH timing
· Soft handover

· Transmit power control

· Closed loop transmit diversity

· HSDPA timing

· HSUPA timing

According to our study in these areas, no changes to RAN1 specifications are needed to support extended cell range.

2
Discussion
2.1
PRACH/AICH timing
The UE processing time requirements will not be affected by the extended cell range since the UL/DL timing is fixed in the UE and independent of the propagation delay. Figure 1 shows the timing relation as seen at the UE. TS 25.211 ‎[2] subclause 7.3 specifies (p-a = 12800 chips (2.5 access slots) when AICH_Transmission_Timing is set to 1.
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Figure 1: Timing relation between PRACH and AICH as seen at the UE.

Assuming zero processing delay in Node B, the maximum round trip delay can be calculated as
((p-a – preamble length) / (chip rate) * (speed of light) = (12800 – 4096) / 3840000 * 3e8 m = 680000 m,
i.e. max 340 km cell range.
However, if the round trip delay is more than one access slot, we might have a problem. Assume that a UE has a round trip delay of exactly one access slot (5120 chips), which corresponds to 5120 / 3840000 * 3e8 m = 400000 m round trip, i.e. 200 km one-way distance. Then the Node B cannot distinguish between a preamble transmitted in access slot N by this UE 200 km away and a preamble transmitted in access slot N+1 by another UE 0 km away. This means that if all access slots should be available, the maximum cell range is 200 km. Actually it will be slightly less, approximately 199.5 km, due to the limited UE PRACH burst timing accuracy of ( 3.5 chips, specified in TS 25.133 ‎[3] subclause 7.4.
One way to overcome this limitation on the cell range could be to restrict the set of available RACH sub-channels (via existing RRC signaling) in order to make at the most every second access slot available. This would also help to avoid potential cross-correlation problems between partly overlapping preambles in access slots N and N+1.
2.3
Soft handover

The extended cell range will not cause any particular problems in soft handover. UTRAN can already handle large time offsets between the radio link sets through adjustment of (dpch which has a range of up to one frame, see figure 29 in TS 25.211 ‎[2].
2.4
Transmit power control

The extended cell range may result in increased TPC loop delays with one or more slots. This may lead to degraded radio link performance. This is simply one of the sacrifices that have to be made when choosing a larger cell range. The processing times will not be affected.
2.5
Closed loop transmit diversity

The extended cell range may result in an increased FBI loop delay with one or more slots. This may lead to degraded radio link performance for closed loop transmit diversity. Again, this is one of the sacrifices that have to be made when choosing a larger cell range.
2.6
HSDPA timing
The UE processing time requirements will not be affected by the extended cell range since the DL/UL (HS-DSCH / HS-DPCCH) timing is fixed in the UE and independent of the propagation delay. The extended cell range will mean that there is less processing time over for Node B. This could be solved in the Node B implementation by using longer inter-TTI times.

2.7
HSUPA timing
The timing relations are illustrated in Figure 2 for 10 ms E-DCH TTI and in Figure 3 for 2 ms TTI. An overview of the approximate processing delays in the UE and Node B can be found in Table 1. The UE processing time requirements will not be affected by the extended cell range since the UL/DL (E-DCH / E-HICH) timing is fixed in the UE and independent of the propagation delay (TUE is constant). The extended cell range will mean that there is less processing time over for Node B, e.g. 1 ms less processing time if the cell range is extended by 150 km. This has to be taken into account in the Node B implementation.
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Figure 2: Timing relation for downlink control channels, 10 ms TTI.
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Figure 3: Timing relation for downlink control channels, 2 ms TTI.

	
	10 ms E-DCH TTI
	2 ms E-DCH TTI

	Number of HARQ processes
	4
	8

	Minimum UE processing time
	5.56 ms
	3.56 ms

	Minimum Node B processing time
	14.1 ms
	6.1 ms


Table 1: Minimum processing times. The propagation delay has to be included in the Node B timing budget.
3
Conclusions

We have looked at potential problems in the physical layer with extended cell range. We did not find any need for changes to RAN1 specifications.
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