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1
Introduction
During the last RAN1 meeting in St. Louis, regarding DL RS structure for MBSFN, it was agreed that 

· 1st or (1st and 2nd) OFDM symbol in a subframe can be used for unicast/PDCCH

· The unicast RS can hop if hopping is enabled (as agreed earlier). FFS what happens if 2nd RS is needed for unicast/PDCCH

· Confirm whether one OFDM RS for unicast/PDCCH is enough (until next meeting)

· FFS whether in case of two symbols the allocation is hopping on the same resource.

In this contribution we evaluate the unicast/PDCCH performance with one and two reference symbols when unicast and MBSFN are multiplexed. 
2
RS structure and performance evaluation
2.1 RS structure



The current working assumption on RS structure when both unicast/PDCCH and MBSFN are multiplexed within a sub-frame is given in Figure 1. However whether one OFDM RS for unicast/PDCCH is enough needs further confirmation. 

Another possibility is to have the second OFDM RS on the 4th OFDM symbol and the corresponding RS structure is given in Figure 2. Whether the second OFDM RS should be present or not is dictated by the unicast/PDCCH performance.

[image: image1.emf]
Figure 2 -- Option 2 -- RS structure with both unicast and MBSFN – 2 OFDM RS present for unicast

2.2 Performance evaluation

The performance corresponding to the two options listed above are evaluated in this section. 4 scenarios are considered in the following:
· Scenario 1: 1 RS in the current sub-frame as indicated in Figure 1 (denoted as 1 pilot in the figures)
· Scenario 2: 2 RSs in the current sub-frame as indicated in Figure 2 (denoted as 2 pilots in the figures)
· Scenario 3: 3 RSs in both the current sub-frame and the previous sub-frame (denoted as 3 pilots in the figures)
· Scenario 4: 4 RSs in both the current sub-frame and the previous sub-frame (denoted as 4 pilots in the figures)
The rest of the simulation set up is listed in Table 1-- 3.

Table 1 lists different simulation parameters. The slot format and pilot transmission is in accordance to [1].

	Slot duration
	0.5 ms

	TTI
	1 ms

	Symbols / slot
	6 
(long CP duration)

	FFT size
	512

	Useful tones
	300

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	120 (6)

	Flat guard period 

(Number of symbols)
	16.67 µs (6)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Allocation of pilot tones 
	1 Tx antenna assumed and the allocated depends on the considered options

	Pilot Ec/Ior
	-7.78 dB

	PDCCH Ec/Ior
	varying


Table 1

Evaluation Numerology

Table 2 lists the transmission formats that we have evaluated for the DL PDCCH.

	Modulation
	Coding
	Num of PDCCH tones per TDM symbol
	Number of TDM data symbols used
	Code Rate

	QPSK
	Convolutional K = 9
	60
	2
	1/6


Table 2
Candidate MCS for PDCCH
Other simulation assumptions are as follows:
	Parameter
	Value

	PDCCH tones
	Interleaved

	Channel Estimation Length
	Depends on the scenario considered

	Receiver
	2 Rx antennas

	Detection Criterion
	MMSE

	Noise and Interference modeling
	White

	Channel Model
	TU30, TU 120 and TU 350


Table 3
Other simulation parameters
The PDCCH BLER with different speeds in different scenarios is shown in Figures 3 – 6. From these figures we can see that having 2 RS present when both unicast and MBSFN are multiplexed can improve the PDCCH performance by more than 1 dB at 1% BLER. 
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Figure 3 PDCCH BLER vs. Es/Nt with 30 kmph
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Figure 4 PDCCH BLER vs. Es/Nt with 120 kmph
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Figure 5 PDCCH BLER vs. Es/Nt with 350 kmph
3 Conclusions

In this document we compared the unicast performance with different RS structures when both unicast and MBSFN are multiplexed in one sub-frame. The results indicate that having the second RS present and improve the PDCCH performance by 1.5dB. Based on the performance results we propose to adopt the RS structure shown in Figure 2 when both unicast and MBSFN are multiplexed. 
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Figure � SEQ Figure \* ARABIC �1� -- Option A: RS structure with both unicast and MBSFN – only 1 OFDM RS present for unicast
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