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1 Introduction

In RAN1#42Bis extensive discussions took take to decide on the different options for the downlink pilot structure for EUTRA. The text proposal approved as a result of the discussion includes the following options –

· Primary Reference Symbols – Always transmitted in the first or second OFDM symbol in a subframe

· Secondary Reference Symbols – Transmitted on a “need to” basis depending among other things on the channel conditions of the UE being scheduled in the subframe and the service multiplexing adopted in the downlink

It can be noted that in case only the primary reference symbols are transmitted, the resultant pilot pattern is referred to as the “TDM” pattern, while in case the secondary symbols are also transmitted the reference pattern is referred to as the “Scattered” pattern.

Each pilot pattern has its own advantages and disadvantages and these have been summarised below -

TDM Pilot Pattern
· Equivalent or better demodulation performance of the shared data channel as compared to the scattered pilot pattern for speeds below 120 km/hr. Since the large majority of users are expected to be in this velocity range, no system wide performance penalty is expected if such a pattern is adopted
· More elegant and simpler pilot structure enabling easier UE power saving when control channel is multiplexed with the OFDM symbol containing the pilots
· Expected superior performance in the demodulation of the control channel (when multiplexed in the same symbol as the pilots) due to larger number of available pilot symbols than in the scattered case. This is crucial from the point of view of correct system functionality and to enable the UE to use DRX and save battery power
· Performance deteriorates at very high speeds which can be alleviated by allocation of dedicated pilots for only those UE’s in high velocity situations
Scattered Pilot Pattern
· Similar performance as TDM pilot at speeds below 120 km/hr – superior performance at higher speeds
· Expected inferior performance in the demodulation of the control channel (when multiplexed in the same symbol as the pilots) due to smaller number of available pilot symbols than in the TDM case
In [2] we compared the performance of the shared data channel with the two pilot patterns and the above observations are based on the conclusions from that document. In this paper, we extend that analysis and show the demodulation performance of the shared control channel assuming the two different pilot patterns. We also provide an initial analysis on the feasibility of mapping the entire shared control channel within one OFDM symbol in the downlink.
2 Pilot Patterns and Simulation Assumptions
The following tables list the simulation assumptions used in this study. Table 1 lists the general simulation assumptions while tables 2 lists further assumptions pertaining to the different pilot overheads considered in this study.
	Simulation duration
	10000 sub-frames

	Carrier sampling rate
	15.36 MHz

	Oversampling
	No

	Carrier Frequency
	2 GHz

	Number of Users
	1

	Control Channel Modulation 
	QPSK

	Control Channel Position
	FDM with pilot in OFDM Symbol 0 per subframe

	Pulse Shaping
	No

	Pilot / Data power
	0 dB

	FEC
	Rate 1/3 Convolutional Coding

	HARQ method
	No HARQ

	Channel
	TU with 6 paths

	Mobile Speeds
	3 km/hr, 120 km/hr, 350 km/hr

	Channel Estimation
	Real (from pilot channel)

	Number of Transmit Antennas
	1

	Number of Receive Antennas
	2 (with equal gain combining)

	Number of transport blocks per sub-frame
	1

	CRC Length
	16


Table 1: Simulation Assumptions
	
	                 TDM 
	              Scattered

	Pilot Overhead
	4.8% , 7.2%
	4.8% , 7.2%

	Pilot Symbol Number
	0
	0, 3

	Pilot Frequency Spacing
	3, 2
	6, 4

	Channel Estimation
	Same as in Table 2 
	Same as in Table 2 – No frequency averaging


Table 2: Simulation Assumptions for Pilot Overheads
The following figure shows the pilot patterns considered in the study. It is to be noted that this figure demonstrates the generic pattern and the exact spacing between neighbouring pilot carriers can be obtained from table 2 above.
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Figure 1: Pilot Configurations

In this study, pilot patterns are assumed to be available in every subframe.

3 Simulation Results

Figure 2 shows the performance of the shared control channel with the three pilot schemes in three different velocity conditions.
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Figure 2: Control Channel BLER Performance

It can be observed from above that the demodulation performance of the control channel assuming a TDM pilot is superior to the one assuming a scattered pilot pattern in all the simulation scenarios investigated here. The performance superiority with the TDM pilot is a result of the frequency averaging in the channel estimation that has been performed in this case due to the small frequency separation between neighbouring pilot subcarriers. The higher frequency separation in the case of the scattered pilot disallows the use of such frequency averaging leading to a worse channel estimate for the pilot OFDM symbol and a larger BLER for the data channel sharing the same symbol as the pilot. 

At even higher frequency spacing of pilot symbols it may not be possible to perform this averaging (depending on the coherence bandwidth of the channel) and in such cases the performance with the TDM pattern will deteriorate and approach that of the scatter. However, as mentioned in [2], for a pilot overhead between 5%-7% the frequency separation between pilot symbols is small enough to allow frequency averaging for the TDM pilot pattern. 
4      Downlink Shared Control Channel Overhead
The downlink shared control channel in EUTRA is expected to carry the following information at the very least –
Downlink Scheduling and Physical Channel Signalling -
· UE Identity of scheduled UE – potentially used for masking with UE specific CRC (16 bits)
· Chunk Information for downlink data (7 bits assuming identical overhead as in the case of code-set mapping for the HS-SCCH)
· Modulation Scheme (2 bits)
· Transport Block Size (6 bits)
· Hybrid ARQ Information : Process Number (3 bits), Redundancy Version (3 bits), New data indicator (1 bit)
· Control Signalling for Uplink Channels : Power Control bits (1 bit), HARQ ACK/NACK (1 bit)
Uplink Scheduling and Physical Channel Signalling -
· UE Identity of scheduled UE (16 bits)
· Chunk Information for uplink transmission (7 bits)
· Modulation Scheme (2 bits)
· Transport Block Size (6 bits)
The preliminary analysis above based on the current overhead in WCDMA HSDPA and HSUPA indicates that the downlink control overhead per UE is 40 bits and the uplink control overhead is 31 bits. Assuming an effective coding rate of 0.3 and QPSK modulation of the control channel symbols, each UE that is scheduled to receive data in the downlink and transmit data in the next uplink subframe thus requires approximately 120 symbols of the shared control channel (assuming 80 total uncoded signalling bits). 
For a 4.8% pilot overhead over the entire subframe and 10 MHz transmission bandwidth, the control OFDM symbol has around 400 data symbols available for non pilot symbols. These include the common control channel which is to be transmitted from the central 1.25 MHz section of the bandwidth occupying 75 subcarriers. Thus, 324 data symbols (taking into account the nulled DC subcarrier) are available in the first OFDM symbol for transmitting the shared control channel allowing for the simultaneous transmission to 3 UE’s without the need of extensive rate matching of the control data. 

Simultaneous scheduling of 3 UE’s in one subframe can be seen to be quite reasonable in the downlink. In the uplink, it may well be so that more than one UE is not scheduled in a subframe (depending on the scheduling strategy) which will free up control signalling symbols which can be used for signalling downlink scheduling information. With such an arrangement, the number of data symbols available in the first OFDM symbol for control channel signalling is deemed to be sufficient to signal the scheduling and control information to a reasonable number of UE’s. Alternatively, the number of symbols per UE can be further reduced by adopted a slightly higher order modulation eg. 8 PSK for the control channel.
5 Conclusions
In this paper, we have demonstrated the performance of the control channel assuming two different pilot patterns for the EUTRA downlink. For an identical structure of the control channel, simulation results show that the TDM pilot pattern always results in a lower BLER for the control channel multiplexed within the same OFDM symbol. We believe accurate control channel demodulation performance is crucial for proper functioning of the EUTRA system and the results provided in this paper be kept in mind when deciding on a common pilot pattern for the EUTRA downlink.
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