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1. Introduction
In the Ad Hoc LTE meeting in Helsinki, the use of the code division multiplexing (CDM)-based orthogonal pilot channel among sectors (beams) in the same Node B was agreed upon as a working assumption in the E-UTRA downlink [1]-[3]. Therefore, following the conclusion of Ad Hoc LTE meeting in Helsinki, this paper proves the clear gain, i.e., improvement in the user throughput and sector throughput by using CDM-based orthogonal pilot channel among sectored beams compared to the non-orthogonal pilot based on system-level simulations.

(Note) In this contribution, we denote a cell in the same Node B as a sector. 

2. CDM-based Orthogonal Common Pilot Channel Structure for Sectored Beams
Figure 1 shows the proposed orthogonal pilot channel structure employing CDM between sectored beams. In the CDM, frequency domain spreading is used by adding phase rotation. The phase rotation of 0, 2/3, and 4/3 is added every three sub-carriers to sectored beam 1, 2, and 3, respectively. As described in [3], the merit of the CDM-based orthogonal pilot channel compared to the frequency division multiplexing (FDM)-based orthogonal pilot is that it has a better tracking ability of the channel estimation particularly for one-link connection UE, i.e. far from sector borders, since the density of the CDM-based orthogonal pilot signal in the frequency domain is higher than that of FDM-based orthogonal pilot.
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Figure 1 – CDM-based orthogonal pilot channel structure
3. System-Level Simulation Evaluations

For the purpose of verifying the effect of the CDM-based orthogonal pilot channels for sectored beams, the user throughput and sector throughput achieved by using the CDM-based orthogonal pilot channel are compared to that by using the non-orthogonal pilot channel based on system-level simulations.
3.1. Simulation Conditions
We compared three pilot channel structures as shown in Fig. 2. The first one is the CDM-based orthogonal pilot channel as descried in Section 2. The other two structures are based on the non-orthogonal pilot channel, in which different sector-specific scrambling codes are multiplied to pilot signals belonging to different sectors. For non-orthogonal pilot channels, we evaluated the case with a sub-carrier shift for pilot signal mapping and without a sub-carrier shift. The position of the pilot signal is based on [1]. The transmission power of the pilot symbol is set to 3-dB higher than that of the data symbol. Therefore, in the non-orthogonal pilot channel structure, by using the sub-carrier shift, the intra-Node B interference on the pilot signals can be reduced compared to the case without the sub-carrier shift although the interference from the pilot channel to the data channel is increased at the same time.
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Figure 2 – Evaluated pilot channel structures
Table 1 gives the simulation parameters that follow those in [1]. We assumed the inter site distance (ISD) of 500 m and 1732 m. We employed the following combination of modulation and channel coding rates in the Turbo code: QPSK with R = 1/8, 1/4, 1/2, 2/3, 16QAM with R = 1/2, 2/3, and 64QAM with R = 1/2, 2/3, 3/4. For the channel estimation, we applied interpolation in the frequency domain using FFT and coherent averaging of two symbols within a sub-frame in the time domain for all the pilot channel configurations. We set the round trip delay for the channel-dependent scheduling and link adaptation, and that for hybrid ARQ with packet combining (Chase combining) to four and six sub-frames, respectively. We employed proportional fairness as the scheduling criterion. The six-ray Typical Urban model was assumed for the multipath delay profile. Furthermore, the handover delay of fast sector selection (FSS) is set to four sub-frames. Figure 3 shows the transmission power assignment methods with muting of data channel in FSS, while maintaining a constant total transmission power in each sector.
Table 1 – Simulation parameters
	Bandwidth
	10 MHz

	Number of sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Resource block bandwidth
	375 kHz

	Sub-frame length
	0.5 msec

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter site distance (ISD)
	500 m and 1732 m

	Minimum distance between UE and cell site
	35 m

	Number of UEs per sector
	4

	Antenna pattern
	70-degree sectored beam

	Distance-dependent path loss
	128.1 + 37.6log10(r)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	6-ray Typical Urban

	UE speed
 (Maximum Doppler frequency)
	3 km/h (fD = 5.55 Hz)

	Modulation and channel coding scheme
	QPSK (R = 1/8, 1/4, 1/2, 2/3), 16QAM (R = 1/2, 2/3), 64QAM (R = 1/2, 2/3, 3/4)

	Channel estimation
	Interpolation in frequency domain using FFT /
Coherent averaging of two symbols within sub-frame

	Control delay in scheduling and AMC
	2 msec (4 sub-frames)

	Scheduling algorithm
	Proportional fairness

	Round trip delay in hybrid ARQ
	3 msec (6 sub-frames)

	Packet combining method in hybrid ARQ
	Chase combining

	Number of receiver antennas
	2

	Traffic model
	Full queue traffic

	Handover parameters
	Control delay in fast sector selection
	2 msec (4 sub-frames)

	
	Add threshold
	4 dB

	
	Delete threshold
	6 dB

	
	Hard handover hysteresis
	3 dB

	
	Hard handover period
	100 msec

	
	Hard handover delay
	100 msec
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Figure 3 – Transmission power assignment in the FSS
3.2. System-Level Simulation Results 
Figures 4(a) and 4(b) show the cumulative distribution of the user throughput of the handover users between sectors, i.e., cells within the same Node B and that of all users, respectively, with the ISD of 500 m. Here, the user throughput is calculated as User throughput = Nbit / 100 msec, where Nbit is the number of correctly received information bits during 100 msec. From Fig. 4(a), we can see a clear improvement in the user throughput at the sector border by using the CDM-based orthogonal pilot channel compared to the non-orthogonal pilot channel. This improvement is achieved through improving channel estimation accuracy, since there is no intra-Node B interference (or very low interference due to orthogonality destruction by channel variation) in the pilot signals when the CDM-based orthogonal pilot channel is applied. Therefore, the CDM-based orthogonal pilot channel is very beneficial to improving the user throughput for the UE at the sector border compared to the non-orthogonal pilot channel. Furthermore, from Fig. 4(b), we can also see a gain in the user throughput to some extent even for all users within the sectors by using the CDM-based orthogonal pilot.
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(a) Handover users
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Figure 4 – Cumulative distributions of user throughput (ISD = 500 m)
Figures 5(a) and 5(b) show the cumulative distribution of the user throughput of handover users between sectors and that of all users, respectively, with the ISD of 1732 m. In the case of ISD of 1732 m, the ratio of thermal noise in the total interference power becomes larger. Accordingly, the effectiveness of CDM-orthogonal pilot becomes smaller. However, as is observed in Figs. 5(a) and 5(b), even when the ISD is 1732 m (cell radius of 1000 m), the improvement in the user throughput by using the CDM-based orthogonal pilot channel is significant compared to the non-orthogonal pilot channel.
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(a) Handover users
[image: image7.emf]0

0.2

0.4

0.6

0.8

1

0 5 10 15

CDF

User throughput (Mbps)

CDM-based orthogonal pilot

Non-orthogonal pilot w/ shift

Non-orthogonal pilot w/o shift

CDM-based orthogonal pilot

Non-orthogonal pilot w/ shift

Non-orthogonal pilot w/o shift

ISD = 1732 m

4 users / sector


(b) All users

Figure 5 – Cumulative distributions of user throughput (ISD = 1732 m)
Finally, Table 2 lists the sector throughput for various pilot channel structures. The sector throughput with the CDM-based orthogonal pilot channel is 25% and 3.2% greater than that with the non-orthogonal pilot channel with the sub-carrier shift for handover users and for all users, respectively (ISD of 500 m). Therefore, we see that the CDM-based orthogonal pilot channel is much superior to non-orthogonal pilot channel to improve user throughput particularly for intra-Node B handover user.
Table 2 – Sector throughput
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In conclusion, we have proved clear benefit of CDM-based orthogonal pilot channel structure among sectored beams within the same Node B. The CDM-based orthogonal pilot channel significantly improves the user throughput and sector throughput compared to the non-orthogonal pilot channel due to improved channel estimation accuracy.
4. Conclusion

This paper proved the effectiveness of the downlink CDM-based orthogonal pilot channel between sectored beams within the same Node B from the viewpoint of user and sector throughput based on system-level simulations.

5. Text proposal

---------------------------------  Start of Text Proposal  -----------------------------------------------------
7.1.1.2
Multiplexing including reference-signal structure
7.1.1.2.2
Downlink reference-signal structure

The downlink reference signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The basic downlink reference-signal structure, consisting of known reference symbols, is illustrated in Figure 7.1.1.2.2-1.

Reference symbols (a.k.a. ”First reference symbols”) are located in the first OFDM symbol of every sub-frame assigned for downlink transmission. This is valid for both FDD and TDD as well as for both long and short CP.
Additional reference symbols (a.k.a. ”Second reference symbols”) are located in the third last OFDM symbol of every sub-frame assigned for downlink transmission. This is the baseline for both FDD and TDD as well as for both long and short CP. However, it should be evaluated if, for FDD, the second reference symbols are needed.
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Figure 7.1.1.2.2-1. Basic downlink reference-signal structure1 


 This figure assumes 7 OFDM symbols per sub frame according to Table 7.1.1-1 (short CP). In case of long CP or frame structure according to Table 7.1.1-2, the figure should be modified accordingly.
The spacing (in the frequency domain) between reference symbols of the same OFDM symbol and antennas is M = 6 sub-carriers [also other values of M could be studied]. The first and second reference symbols are staggered in the frequency domain as illustrated in Figure 7.1.1.2.2-1 above
The current assumption is that the position (in the frequency domain) of the reference symbols may vary from sub-frame to sub-frame and between cells. However, this assumption may be reconsidered if it is in conflict with any future conclusions regarding the E-UTRA cell-search procedure.
In the case that Layer 1 downlink control signaling (more specifically signaling or part of the signaling related to downlink and uplink scheduling) is located at the beginning of the corresponding sub-frame (still TBD if this will be the case or if the Layer 1 signaling is to be spread over the sub-frame), it is currently assumed that demodulation of this information could be carried out without using the second reference symbols of the corresponding sub-frame (however, second reference symbols of previous sub-frames may be used if available).

Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO. Also, whether the above reference-signal structure should be directly applicable to SFN-based multi-cell multicast/broadcast or if some additions/extensions in this case are needed is FFS.
It should be possible to create multiple mutually orthogonal downlink reference signals. 

· To support transmission using multiple TX antennas within one cell (up to a maximum of 4 orthogonal reference signals should be supported to enable higher-order downlink MIMO) within one cell/beam. Note that, for TDD, orthogonal reference signals may not be needed between TX antennas of the same Node B if the multiple TX antennas are used for downlink dynamic beam forming. 

· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
Orthogonality between reference signals of different TX antennas of the same cell/beam is created by means of FDM. This implies that the reference-signal structure of Figure 7.1.1.2.2-1, with different antenna-specific frequency shifts, is valid for each antenna. CDM should be evaluated as an alternative.
In case of orthogonality between reference signals of different cells/beams belonging to the same Node B, the orthogonality is created in the code domain, i.e. the (frequency domain) sequence of reference symbols are multiplied by mutually orthogonal patterns. 
---------------------------------------- End of Text Proposal --------------------------------------------------
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