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1 Introduction
In LTE, it was agreed that for a beam-forming user, DL common RS for up to maximum two ports are transmitted. This enables the control channel to use 2-Tx SFBC. In the Sevilla meeting, in order to reduce overhead, it was proposed to remove the common RS in data region in BF zone and only maintain RS in the control channel region [1]. This reduces the channel estimation accuracy derived from common RS. In [2],  we studied such performance degradations, especially for the control channel. In this contribution, we further study the effect of partially puncturing common RS in the BF on the performance of PDCCH.
2 System Description
In a 2-Tx LTE system, the density of reference symbols corresponding to each transmit antenna is one in every six tones in the frequency direction located in the first and the fifth OFDM symbols of each slot. A beam-forming user relies on the dedicated RS (port #5) for data demodulation. However, it still requires the common RS to decode the control channel PDCCH. It also relies on the common RS to estimate the CQI and noise level. In [1], it was proposed to remove the common RS except in the control channel region in the beam-forming zone. An alternative is to puncture the RS in the second slot of each sub-frame in the beam-forming zone. In this contribution, we study the performance of PDCCH under different common RS removal assumptions. 
3 Simulation Parameters

The following parameters are used to simulate the performance of these schemes, unless otherwise is specified.
· Channel bandwidth = 10 MHz

· Number of total sub-carriers = 601 (including DC)
· Sub-frame = 1 msec = 14 OFDM symbols

· FFT size = 1024

· Sampling frequency = 15.36 MHz
· Carrier frequency: 2 GHz
· Channel model: uncorrelated TU 3, 30 and 120 km/h
· Cyclic Prefix: 72 samples
· Control Channel assignment: 1, 2 or 4 CCEs for code rates of 2/3, 1/3 and 1/6. Each CCE consists of 10 mini-CCEs in the first three OFDM symbols
· RS: Scattered reference symbol density of 6 subcarriers as specified by the working assumption.
· Channel estimation: To facilitate fast decoding of the control channel, channel estimation is based on a  Wiener filter de-noising of common RS followed by interpolation, assuming the common RS  exist on symbols in following scenarios
· in the first OFDM symbol of current sub-frame (the first OFDM symbol of the first slot).

· in the first OFDM symbol of current sub-frame and RS from the last slot. 
· in all OFDM symbols in the current slot.

· in the first and fifth OFDM symbol of the first slot from the current sub-frame.

· in the first and fifth OFDM symbol of the first slot from the current and previous sub-frames.

· Receiver: Alamouti decoder
· Symbol constellation: QPSK
· Channel coding: tail-biting convolutional code, k=7, R=2/3, 1/3, 1/6
4 Link Level Simulation Results
4.1 Comparison of different open loop schemes in low speed
Figure 1 shows numerical results for PDCCH for mobile speed of 3 km/h. In the frequency direction, a Wiener filter of size three RBs is applied for RS de-noising, meaning that each RB relies on reference symbols in the two adjacent RBs for channel estimation. Since a modulation scheme of QPSK is applied and tail-biting convolutional coding rate is 2/3, 1/3 and 1/6, the total number of information bits per control channel is 50 bits plus rate-matching bit padding. The required SNR for BLER target of 1% are also shown in the figures. Using the RS in the previous sub-frame plus the first OFDM symbol of the current sub-frame, which is possible only if the common RS in the data-zone are available, shows a better performance by 1.4-1.8 dB compared to just using the RS in the first OFDM symbol. For TDD mode, the RS in the previous sub-frame may not be available and hence, we could rely solely on the RS in the current sub-frame. The figure also shows the performance if all the RS in the current sub-frame are used. Due to 20% less number of RS tones in the latter case, the channel estimation performance is slightly lower (less than 0.2 dB degradation) compared with using RS in the previous sub-frame plus the RS in the first OFDM symbol of current sub-frame. Also shown in the Figure are the performances of the PDCCH if only the RS in the second slot of each sub-frame is punctured. Under such assumption, the UE can also use RS in the first slot of the previous sub-frame for FDD mode. But for TDD mode, this may not be possible and UE can only rely on the RS in the first slot of current sub-frame. As seen in the figure, use of RS in the first slot of the current sub-frame results in a performance degradation of 0.6-0.9 dB while using the RS in the first slot of the current and previous sub-framess leaves negligible performance degradation compared with no RS puncturing.
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Figure 1. BLER performance of PDCCH at the speed of 3 km/h
4.2 Comparison of different open loop schemes in moderate speed

Figure 2 shows the performance of the same systems as in Figure 1 except that the mobile speed is 30 km/h. For such mobile speed, deleting the common RS in the data region results in a performance degradation of 1.2-1.7 dB. Similar as 3 km/hr scenario, if only the RS symbols in current slot are used in channel estimation, the performance of PDCCH experiences a performance degradation of 0.3-0.9 dB compared to where no RS is punctured, but if the RS symbols in the first slot of current sub-frame and first slot of previous sub-frame are used, the performance loss is negligible compared with no RS puncturing. 
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Figure 2. BLER performance of PDCCH at the speed of 30 km/h
4.3 Comparison of different open loop schemes in high speed

Figure 3 shows the performance of the same systems as in Figure 1 except that the speed is 120 km/h. In this speed, still using the common RS in the data region improves the performance of PDCCH by 0.7-0.9 dB. Note that in this speed, channel extrapolation in the time direction degrades the performance. In this speed, using all the RS in the current sub-frame will result in a better performance despite the fact that it has a lower number of RS tones. However, this incurs latency in decoding PDCCH. At such high speed, only the RS symbols that are close to PDCCH contribute the most to its channel estimation performance and hence, having common RS in both OFDM symbols 1 and 5 only in current sub-frame can provide similar results as if all the common RS were present. 
[image: image3.emf]-15 -10 -5 0 5 10

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

PDCCH - 2x2 - TU 120 km/h - Uncorrelated

 

 

PDCCH, QPSK 1/6, 1st sym RS

PDCCH, QPSK 1/6, 1st slot

PDCCH, QPSK 1/6, two 1st slots

PDCCH, QPSK 1/6, current TTI RS

PDCCH, QPSK 1/6, last TTI +1st sym RS

PDCCH, QPSK 1/6, Perfect CSI

PDCCH, QPSK 1/3, 1st sym RS

PDCCH, QPSK 1/3, 1st slot

PDCCH, QPSK 1/3, two 1st slots

PDCCH, QPSK 1/3, current TTI RS

PDCCH, QPSK 1/3, last TTI +1st sym RS

PDCCH, QPSK 1/3, Perfect CSI

PDCCH, QPSK 2/3, 1st sym RS

PDCCH, QPSK 2/3, 1st slot

PDCCH, QPSK 2/3, two 1st slots

PDCCH, QPSK 2/3, current TTI RS

PDCCH, QPSK 2/3, last TTI +1st sym RS

PDCCH, QPSK 2/3, Perfect CSI


Figure 3. BLER performance of PDCCH at the speed of 120 km/h
5 Performance Comparisons and Conclusion
In this contribution, we study the effect of removing the RS in the data region for the beam-forming zone on the performance of PDCCH. Simulation results provided in this contribution show that a channel estimator based on the RS in the first OFDM symbol results in PDCCH performance degradation in the excess of 1 dB. In comparison, PDCCH performance gains in dB of using RS in different scenarios over using only the RS in first OFDM symbol are summarized in Table 1. BLER target in this table is 1%.
Table 1. PDCCH Performance gain using RS in the data region from current or previous sub-frames over using only the first RS.

	Mobile speed
	RS in current sub-frame
	RS in previous sub-frame + 1st symbol
	RS in 1st slot of current sub-frame
	RS in 1st slot of current and previous sub-frames

	
	1/6
	1/3
	2/3
	1/6
	1/3
	2/3
	1/6
	1/3
	2/3
	1/6
	1/3
	2/3

	3 km/h
	1.65
	1.35
	1.35
	1.8
	1.6
	1.4
	0.9
	0.95
	0.85
	1.55
	1.35
	1.25

	30 km/h
	1.65
	1.3
	1.25
	1.75
	1.3
	1.25
	0.85
	0.75
	0.9
	1.65
	1.25
	1.2

	120 km/h
	1.55
	1.15
	1.15
	0.9
	0.7
	0.85
	1.05
	0.85
	1.1
	1.1
	1.05
	1.2


In summary, removing common RS in the data region in the beam-forming region will result in the following effects on the performance for both FDD and TDD modes.
· PDCCH performance degradation of more than 1 dB. This reduces the control channel coverage adversely affecting the system coverage. Note that this degradation could not only affect BF users but also affect non-BF users.
· Less accurate CQI and noise level estimation for both BF and non-BF users.
· P-BCH performance is also subject to degradation (if there are BF users assigned in RBs close to the P-BCH region)

· Channel performance degradation for non-BF users as they will not be able to use RS in the adjacent RBs. 

However, it can be noticed from the latest simulation updates that partially removing the common RS such as removing the common RS in the 2nd slot of each sub-frame could ease the performance loss due to channel estimation to some extent. This could be considered as an option if RS overhead in BF zone imposes a big concern. We feel that the final decision on whether and how to reduce common RS overhead should be made after carefully evaluating the impact on all aspects including channel estimation for control channel, UE measurement, and channel estimation for non-BF UE when BF zone and non-BF zone are multiplexed on same bandwidth.   
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