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1
Introduction
The reference signals for short CP are a product of PN sequences and orthogonal sequences. We have earlier raised the impact of using orthogonal sequences for reference signals to the timing estimation. In this contribution we have extended the link level simulations to system level simulations in order to identify any performance difference between using orthogonal sequences and pseudo random sequences for reference signals in different sectors of the same base station in order to quantify the impact to system performance. We also do a further implementation impact analysis by also addressing the impacts to cell verification, automatic frequency control and neighbour measurements. 
2
Orthogonal Reference Signals Performance 
The reason for introducing orthogonal reference signals in the first place was to improve channel estimation performance for UEs at the sector edge, i.e. the cell edge between synchronized cells transmitted from the same location. By using orthogonal sequences across the cells the interference from the other sectors to the channel estimate is reduced and the link throughput should therefore be increased because of the improved channel estimation performance. This gain can be achieved when the channel coherence bandwidth is larger than the frequency spread of the orthogonal code.
In previous simulations we have found link level gains from orthogonal reference signals in case of high DIR, i.e. when there is one strong dominant interferer. However, in order to truly see if there are benefits from orthogonal reference signals, one needs to perform system level simulations and look at the this performance. In the following we show the simulations results when using different PN-sequences in different sectors compared to the current assumption of using the same PN-sequence with an orthogonal cover. We have simulated reference simulation Case 1. The simulation assumptions are:
· 19-cell 3-sector hexagonal grid with ISD = 500 m

· Channel model ETU 3 km/h

· 1500 drops of 200 ms duration

· For each drop the link is explicitly simulated in order to see the true difference between the schemes

· The sectors use the same frequency shift of the reference signals, while there is a frequency offset between the reference signals for different cells

· 2 Tx and Rx antennas, single stream precoded transmission is used with a 2-D Wiener channel estimator

The simulation results are shown in Figure 2.
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Figure 2 Data throughput cumulative distribution function 

The simulations show that using different PN-sequences between cells performs equally to using orthogonal sequences for low throughput users and PN sequences perform slightly better at the for high throughput users. The reason for this difference is that the orthogonality of the orthogonal sequences is not maintained in the frequency selective channel causing a bias to the channel estimate due to the same PN-sequence being used between sectors. As good channel estimation performance becomes more important for users with higher order modulation, the difference in performance can then be observed at high throughput. 

Given the minimal difference in performance between orthogonal and non-orthogonal reference, the choice of sequences should be based on ease of implementation.
3
Implementation Impact 
3.1

Timing estimation 
The main implementation issue with using orthogonal sequences for the reference signals is, as mentioned in [1], the reduced range of the timing estimator. Because the orthogonal code is composed of regular phase shifts and the Fourier transform of a delayed signal is a phase-shifted version of the transform of the non-delayed signal, the timing error estimation algorithm will detect the signals from the other sectors as delayed copies of the signal originating from the wanted sector. This is illustrated in Figure 1 where we show the correlation functions for each sector to the wanted sector for orthogonal reference signals across the sectors and for different PN sequences in different sectors.
[image: image2.emf]0 50 100 150 200 250 300

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

Samples

Correlation

With orthogonal RS

 

 

Sector 1

Sector 2

Sector 3

[image: image3.emf]0 50 100 150 200 250 300

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

Samples

Corrletion

Without orthogonal RS

 

 

Sector 1

Sector 2

Sector 3


Figure 1 Correlation values for three sectors with and without orthogonal RS between sectors
When the UE is in sleep mode, i.e. either in RRC_IDLE or in DRX in RRC_ACTIVE, the UE’s time base accuracy of is reduced in order to save power. This means that the timing can drift significantly during the sleep period. After wake-up the UE needs to re-establish the timing and the best way of doing this is to use the reference signals as these are available in all slots. The range of the timing estimator then decides the amount of timing drift that is allowable during the sleep period. For LTE , the timing estimator range is limited by the reference signal density in the frequency domain. This means that the range is about ±5.6 (s when only one OFDM symbol containing reference signals is used in the timing estimation and ±11.1 (s when OFDM symbols with staggered reference signals are used, but this assumes that no orthogonal sequences are used in the reference signals. Due to the presence of MBSFN sub-frames, only one OFDM symbol with reference symbols can be guaranteed in a sub-frame. If orthogonal reference signals are used, the timing estimation range is reduced by an additional 1/3 since it is not possible to distinguish a change in the serving cell timing that is larger than the time difference between the signal from the serving cell and the delayed copies of the neighbour cell.
As shown in [2], even without orthogonal reference signals the timing estimator range for LTE is to start with in worst case only about 1/6 that of a typical implementation of WCDMA and with orthogonal reference signals the range is in worst case 1/18. It is worth noting that the timing estimator range for WCDMA is limited by the complexity of the timing estimator itself, while in LTE it is limited by the reference signal properties. This means that for WCDMA the timing estimator has been designed for the timing range required to handle the actual timing drift during UE sleep and a reduction in this range means that the minimum power consumption during sleep mode cannot be achieved. The difference in timing estimation ranges are shown in Table 1.
Table 1 Idle mode synchronization timing estimator range

	
	GSM
	WCDMA
	LTE without OS RS
	LTE with OS RS

	Max. paging period
	2.12 sec
	5.12 sec
	5.12 sec
	5.12 sec

	Timing estimator range
	+/- 5.5 Symbols
= +/- 20.3us*
	+/- 128 chips
= +/- 33us**
	+/- 5.6us***
	+/- 1.9 us***

	Synchronization signal
	Normal Burst 
Training Sequence
	CPICH
	Unicast RS
	Unicast RS

	Relative clock inaccuracy accepted
	1.5
	1
	0.16
	0.057


It has been proposed to use the synchronisation signals to aid the timing estimation when waking up from idle mode. Even if this is possible, the power consumption in idle mode is not reduced compared to using reference signals only since the synchronisation signal is transmitted infrequently and will require additional awake time for the UE. 

In order to make the LTE system competitive, good stand-by and active times are important and this can best be achieved using only PN-sequences for the reference signals.
3.2
AFC 
The orthogonal sequences also have an impact on the range that can be achieved for automatic frequency control (AFC) algorithm. When using the reference signals for AFC, the pull-in range is inversely proportional to the time separation between the reference signals used in the estimation. The orthogonal sequences create phase shifts between the reference symbols which reduces the pull-in range of the estimator.
3.3
Neighbour measurements

If two adjacent cells use the same PN-sequence, but different orthogonal sequences, the time shift properties of the orthogonal signals mean that certain timing offsets between cells or sustainable delay spreads make it impossible to distinguish and hence measure these cells. In the case that two such cells are synchronized (e.g. two cells of a tri-sector base station), the time window within which the measurement is taking place must be narrowed in order to avoid catching the energy from signal from the adjacent cell. Unlike for timing detection, only reference signals can be used for measurements. This problem will be especially severe when a neighbour eNB with unknown MBSFN/unicast allocation is measured. In this case in each sub-frame only one OFDM symbol with the RS is available for measurements. Therefore, the channel impulse responses of the cells of such an eNB will alias when the delay spread is longer than 3.7 (s
 due to the reduced RS frequency domain density and due to the OS. This will make the RSRP measurement and mobility unreliable. Without the OS, the CIR can increase to 11.1 (s without aliasing effects, which is more than sufficient for RSRP measurement in case of the normal CP (~ 4.7 (s).
An additional problem resulting from the orthogonal sequences is mentioned in [3].  In order to maximize the intra-frequency cell search and identification performance, the reference signals may be needed to verify the cell identity found from the synchronization signals.  The reason is that the orthogonal reference signals again limits the range in which a cell’s timing can be uniquely found from the reference symbols.
4
Conclusion
Taking into account the small difference in performance and the problems caused by the orthogonal sequences, both raised in this contribution and additionally reported  in [4] (biased noise estimation) and in [5] (channel estimation performance in MBSFN sub-frames), we propose:
· Remove the orthogonal sequences from the DL RS construction

· Define 504 PN sequences for DL RS with the normal CP (as already specified for the extended CP)
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� This time and the later mentioned 11.1(s assume the ideal case when the window is locked to the first path, in reality the window is not always locked to the first path thus the time might be reduced even twice.





