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1. Introduction
For the unicast PDCCH symbols in the MBSFN sub-frames, it was agreed in the RAN1#51 Jeju meeting to 

· Adopt the unicast CP structure and RS sequence type for the first and second (in case it is a unicast one) symbol of MBSFN sub-frames

· Use of the spare samples after the last unicast symbol: nothing specified in terms of UE behaviour
On the RAN1 email reflector and in the Jeju RAN1#51 meeting, it was proposed to use the spare samples as a cyclic postfix for the last unicast symbol [1]. The spare samples can also be used to increase the CP length of the first PMCH symbol. However, negligible MCH performance benefit is expected compared to using the samples as a postfix for the DCI (Downlink Control Information). Also, it is beneficial to improve the performance of the control channel compared to the MBMS data. 
In this contribution we evaluate the PDCCH performance benefit of specifying a cyclic postfix for the spare samples after the last unicast symbol. 

2. Sub-frame Structure
Figure 1 shows the MBSFN sub-frame structure (first slot) for the case with 1 and 2 unicast PDCCH symbols and with the spare samples used as a cyclic postfix for the last unicast symbol. 
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Figure 1.  MBSFN Sub-frame Structure with Cyclic Postfix for last unicast symbol.

For the case with 1 unicast control symbol, the cyclic postfix duration is (512-160)=352 samples @ 30.72MHz = 11.4583s. With 2 unicast control symbols, the cyclic postfix duration is (2*512-160-144)=720 samples @ 30.72Mhz = 23.4375s.

3. Performance Comparison

The simulation parameters are shown in Table I.  A control channel element (CCE) of size 36 subcarriers is used.

Table I. System Parameters

	Item
	Value/Description

	Channel Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	Number of unicast symbols 
	1 or 2

	Sub-carrier spacing 
	15 kHz

	Baud/Symbol duration 
	66.67 s

	FFT size
	1024

	Modulation
	QPSK

	Coding rate
	r = ½, 1/4, 1/6 convolution code 

	Number of PDCCH bits 
	36 bits 

	Channel
	GSM TU 6-ray model

15km/h UE speed

	Channel Estimation
	Ideal / Non-Ideal (MMSE)

	PDCCH / RS EPRE ratio
	1 (same EPRE)

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2


At the receiver, the postfix and the corresponding part of the FFT block are averaged in the time-domain. Table II, and Table III show the PDCCH performance gain with cyclic postfix for different code rates with and without channel estimation. The performance curves are shown in Appendix A.
Table II. Performance gain from using postfix, ideal channel information

	Coding Rate
	½
	1/4
	1/6

	SNR gain at 1% FER 
(Single unicast symbol)
	0.4dB
	0.4dB
	0.3dB

	SNR gain at 1% FER 
(Two unicast symbols)
	0.4dB
	0.4dB
	0.4dB


Table III. Performance gain from using postfix, channel estimation

	Coding Rate
	½
	1/4
	1/6

	SNR gain at 1% FER 
(Single unicast symbol)
	0.5dB
	0.4dB
	0.4dB

	SNR gain at 1% FER 
(Two unicast symbols)
	0.3dB
	0.2dB
	0.2dB


Using the spare samples for cyclic postfix for the last unicast symbol provides 0.2-0.5dB performance benefit. For the case with two unicast PDCCH symbols, the performance gain is reduced due to channel estimation degradation as the SNR of the reference symbols are not improved by the postfix on the second unicast OFDM symbol. 
For unicast sub-frames, both RS in symbol 0 and symbol 5 can be used for channel estimation to improve the PDCCH performance improvement by 0.5-1dB compared to using only RS in symbol 0 (which is also the case for MBSFN sub-frames) [2]. Thus, the 0.2-0.5dB benefit of using the spare samples as cyclic postfix for the last unicast PDCCH symbol can reduce the performance gap between unicast sub-frames with channel estimation over two symbols and MBSFN sub-frames (where channel estimation can only be based on first RS) and roughly equalize the PDDCH performance.     
4. Conclusion
In this contribution we evaluated the performance benefit of specifying a cyclic postfix for the spare samples after the last unicast symbol on the PDCCH performance. By using the cyclic postfix, the PDCCH performance can be improved by 0.2-0.5dB depending on the number of unicast symbols. Further, it can also reduce the PDCCH performance gap between MBSFN sub-frames and unicast sub-frames employing channel estimation over both RS symbols in a slot. Thus, it is desirable to specify the use of the spare samples after the last unicast symbol as a cyclic postfix.
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Appendix A
BLER results with and without use of a cyclic postfix on PDCCH performance. 
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Figure 1 Single unicast symbol, ideal channel information
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Figure 2 Two unicast symbols, ideal channel information
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Figure 3 Single unicast symbol, channel estimation
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Figure 4 Two unicast symbols, channel estimation
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