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1 Introduction

In the Seoul meeting, Tdoc R1-063008 [1] was approved as a working assumption. The document provides definitions of some basic terms related to the DL reference signal definition. 

Besides the definition of the “reference-signal 2-D sequence”, the document also introduces the definition of the reference signal position within a subframe.. The agreed description is: 

· Reference-symbol position (sub-carrier) within sub-frame #n

· First reference symbols: Sub-carrier x(n) + k*6 (in OFDM symbol #0)

· Second reference symbols: x(n) + k*6 + 3  (in OFDM symbol #4 or #5)

· Alternatives

1. x(n) constant and cell common ( No hopping/shift

2. x(n) constant but cell specific ( Cell-specific frequency shift

3. x(n) time varying and cell specific ( Cell-specific frequency hopping.
It is indicated in [1] that it remains to choose one of the above alternatives for the definition of x(n).

Now, in this Tdoc we show that DL RS with frequency-hopping (alternative 3) can be identified during the cell search in exactly the same way as DL RS with cell-specific frequency shift (alternative 2), while providing additional gain in the average cell throughput measured on the system level. Besides, the alternative 3 incorporate the alternative 2 as a special case, so by choosing the alterative 3 we also choose the alternative 2 for certain number of cells in the system.
Section 2 addresses the implications of alternatives 2 and 3 on cell search, while Section 3 shows simulations results for the three alternatives illustrating their respective throughput performances.
2 Implications to cell search complexity

According to [1], there is a one-to-one relation between the cell ID and the reference-symbol 2-D sequence, obtained as a product of a pseudo-random sequence PRS and an orthogonal sequence OS. The pseudo-random sequence PRS has to be determined from the group ID of the 2nd step of the cell search approach 1 [2], so that it can be used to re-modulate the reference in the 3rd step in order to detect the OS sequence by correlating the values of reference symbols with all possible OS sequences. The correct phase of the PRS is also known after the 2nd step, from the acquired frame synchronization. 

Now, if we have a third pseudo-random sequence x(n) that controls the frequency position of the reference symbols in the successive subframes, it can be identified obviously in exactly the same way as PRS,  from the group ID.
Note that at this point we did not make any assumption about the structure of x(n), so x(n) in all the three alternatives can be detected and used in the same way to identify the position of the reference symbols in the 3rd step of the cell search. In alternative 1 x(n) is known in advance, and thus there is not need for detection in cell search, while the other two alternatives of x(n) have the same implications to the cell search.
3 Throughput performance
Simulation assumptions

Users are randomly dropped in a hexagonal network of NodeBs (three cells (sectors) per NodeB), according to the simulation assumptions setup defined in [3]. The network is assumed synchronized and fully loaded (each subband is assigned to a user). Based on CQI reports from these users the NodeB applies a proportional-fair scheduling rule each 1ms-TTI and assigns the 180 kHz subbands (12 subcarriers each) in the system to the proper users. Also a proper modulation and coding scheme (MCS) is selected for each user. A detailed link simulator then runs this MCS in the channel conditions actual at the time. Throughput measures for thousands of users are stored. The embedded link simulator employs the reference signal generation as described above and, at the receiver side, employs a channel estimator. The reference signal is assigned 10% of the NodeB’s power and the data 90%. Table 1 in the Appendix shows the parameters used in the simulations. Note that we have evaluated Case 1 in Table A.2.1.1-1 of [3].
Pilots are designed according to the agreements in [1]. In particular, the OS of [4] are used. Furthermore, in alternative 1 the PRS are generated as in [5] and in the alternatives 2 and 3 the PRS are pseudo-random QPSK sequences. The specifics of the three alternative pilot position schemes are as follows:

1. No hopping/shift: The positions of the pilots are the same in the whole network.

2. Cell-specific frequency shift: The positions of the pilot symbols differ through a NodeB-specific frequency shift. In the whole network six different shifts appear. The shifts are planned carefully -- different shifts are assigned to neighboring NodeB's as much as possible. (As there are 5 possible shifts to be employed for 6 neighboring NodeBs in the employed hexagonal lay-out, one of the neighboring NodeBs must necessarily be equipped with the same shift as the target NodeB).
3. Cell-specific frequency hopping: The positions of the pilot symbols differ according to a NodeB-specific hopping sequence. The various hopping sequences employed in the network are generated in a pseudo-random way.
Simulations results

Figure 1 shows the throughput results for the three alternative choices of the reference symbol positions x(n). It shows that cell-specific frequency hopping (altrenative 3) performs better than cell-specific frequency shifting (alternative 2) which in turn performs better than cell-common reference positions (alternative 1) for various number of active users per cell.
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Figure 1. Throughput performance (network simulation case 1 [3]) for the three alternative choices of reference symbol positions.

The curve for alternative 2 (frequency shifts) drops faster than the other two curves when the number of active users in the cell becomes larger. This is due to pilot-to-data interference. While the other two schemes have either no such interference (alternative 1) or pilot-to-data interference that changes from one TTI to the next (alternative 3), in alternative 2, the pilot-to-data interference is always present at the same time-frequency positions in a TTI. When H-ARQ re-transmission occur, always the same bits in a codeword are then disturbed by this interference and when the length of the codewords gets smaller (larger number of users) this effect becomes more apparent due to a decreased coding gain.
The cure for this is to apply different redundancy versions for the re-transmissions (through for instance different interleavers or puncturing patterns like in currently standardized in HSDPA). We have not had time to verify this, but we expect that the curve of alternative 2 then shows similar behaviour as the other two curves.
4 Conclusion
From the observations outlined in Sections 2 and 3 we conclude that alternative 3, cell-specific frequency hopping, is the preferred choice.
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Appendix A
Table 1: Simulation parameters

	Parameter description
	Value

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500 m

	Carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz (50 subbands)

	Link mapping / metric


	Link-level embedded in system simulator

	Node B
	Total available power
	40 W

	
	Power assigned to pilot/data
	4 W / 36W 

	
	Number of TX antennas 
	1

	
	Antenna gain plus cable loss
	14 dBi

	
	Antenna pattern
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	Slow fading
	Standard deviation 
	8 dB

	
	
	Correlation between sites
	0.5

	
	Fast fading
	Typical urban 6-tap model, 3 km/h

	
	Penetration loss
	20 dB

	UE
	Thermal noise
	Power density -173.9 dBm/Hz in 10MHz

	
	UE noise figure
	9 dB

	
	Antenna pattern
	0 dBi

	
	Number of RX-antennas
	2 (RX diversity)

	
	Channel estimation
	MMSE freq-filter, time-average of 4 pilots in TTI interpolation

	
	H-ARQ processing
	Chase combining

	
	Turbo decoder
	Max-log MAP with up to 8 iterations

	H-ARQ
	Traffic model
	Full queue 

	
	Number of processes
	6

	
	Delay from CQI-report to 1st transmission
	3 TTIs (3 ms)

	
	Time between retransmissions
	6 TTIs (6 ms)

	
	Maximum number of transmissions
	1 initial transmission + 3 re-transmissions

	Scheduler
	Transport formats
	Any MCS with 0.1 < MODrate x CODrate < 4.5

	
	Traffic multiplexing, time
	TTI length 1 ms or 14 OFDM symbols

	
	User traffic multiplexing, frequency
	localized subbands, 12 subcarriers wide

	
	Scheduler
	Proportionally Fair in time and frequency
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