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1. Introduction

In the RAN1#47 meeting the following were agreed:

· Downlink control signaling is located in the first n OFDM symbols where n ( 3
· Data transmission in the downlink can at earliest start at the same OFDM symbol as the control signaling ends

· Multiple control channels are used

· Each control channel is convolutionally coded

· A UE monitors a number of control channels

· One control channel carries information for one MAC ID

· At least two formats for control signaling are supported

· The power setting of each control channel is up to the Node B, but is constant within a TTI.
In this contribution, support of precoding using the agreed control channel (CCH) structure is proposed and the CCH design described in [1].  It is also shown using system simulation that CCH coverage can be significantly increased using precoding techniques and that n does not need to increase for 4-TX antennas relative to the 2-TX antenna case (note: n=2 was shown to be adequate [1] for the 1x2 case).
2. CCH Coding Schemes and Precoding Discussion

Figure 1 shows one implementation of the TDM separate-coding scheme agreed to in RAN1#47 meeting for n=2.  Frequency diversity is obtained for the control channel where the resource elements (REs) of each control channel element (CE) - where a control channel is composed of 1 or more CEs - are distributed over the entire bandwidth of all n control symbols. The number of REs for each CE will be less in the first than the second control symbol considering DL RS, cat ‘0’ region (if present), and UL ACK/NACK overhead (ignored in diagram) but this is better from a power sharing perspective than restricting REs of a CE to be in only one control symbol.
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Figure 1 – Separate coding CCH TDM format

In [1], a downlink L1/L2 non-persistent control channel design has been proposed based on fixed size control channel elements (CEs) which can be combined in a predetermined manner to provide different effective encoding rates where selection is based on UE reported CQI.  Each scheduled UE then attempts UL and DL CCH detection of the possible combinations (e.g. signaled via Layer 3).  In [1], several important techniques to enhance CCH transmission reliability are highlighted including power control, interference avoidance, link adaptation, admission control, and packing.  
In addition to those techniques, precoding can also be applied to a L1/L2 control channel to significantly improve performance and coverage.  Compared to open-loop transmit diversity techniques such as cyclic shift transmit diversity, precoding is most beneficial when four transmit antennas are available.  Therefore, it is recommended that control channel precoding may be used when there are 4-TX antennas.  As a result, a UE may assume that precoding is supported for its control channel when 4-TX antennas are available and it is reporting a precoding vector.  Precoding performance with 2-TX antennas is currently being investigated with respect to open-loop diversity gain.
3. Precoding performance
In the analysis, it is assumed that the average CQI per RB and the codeword for the whole bandwidth is reported every 2ms in addition to a 1.5ms feedback delay. Frequency-domain scheduling is simulated for both SIMO and 4x2 precoding assuming ideal channel estimation.  L1/L2 control channels occupy the first two OFDM symbols (n=2) and each UE provides precoding feedback for a single stream. A codebook of size 64 is used and the feedback codeword is optimal in the average sense over the whole bandwidth.  Each codeword in the codebook has the form of [c1, c2, c3, c4], where c1=1 and, ck 
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{1,-1, j,-j} for k=2, 3 and 4.
Table 1 illustrates the precoding gain for 5MHz carrier with downlink L1/L2 control channels explicitly modeled as per [3]

 REF _Ref150068322 \n \h 
[4], for 33 UE/sector. As shown in the table, the precoding gain for 5% user throughput is still maintained when the control channel is explicitly modeled. Although, compared to SIMO, fewer resource elements (REs) are available for the control channel in the 4-TX case since more REs are allotted to the reference signal, precoding significantly improves coverage for both the control and data channels. 
Table 1 – Case 3 (5 MHz carrier) results with/without L1/L2 control channel modeling

	SIMO
	4x2 Precoding

(no CCH modeling)
	4x2 Precoding

(with CCH modeling)

	Sector t-put (Mbps)
	5%-ile user t-put (Kbps)
	Sector t-put (Mbps)
	5%-ile user t-put (Kbps)
	Sector t-put (Mbps)
	Gain

(%)
	5%-ile user t-put (Kbps)
	Gain

(%)

	9.1
	57
	10.3
	82
	10.2
	12%
	80
	40%


· Note wideband precoding vectors are used but per RB vectors result in larger gains especially with TD scheduling
4. Dedicated Reference Symbols for Precoding 
In practice, precoding at the Node B can be implemented using the precoding vector pre-selected and fed back by the UE  Thus, dedicated reference symbols (RS) are not needed as the feedback channel should be reliable (e.g. similar error performance requirements as the CQI channel) in order to achieve the desired precoding gain.  However, in the case that the Node B can apply a different precoding vector than that pre-selected by the UE, dedicated RS embedded in CEs are proposed for precoding applications.  To do this, 4 to 6 control resource elements (denoted by “C” in Figure 2) are punctured to accommodate dedicated RS in pre-defined locations (denoted by “D” in Figure 2) within the CE.  The best dedicated RS RE spacing needed for frequency diverse CCHs is FFS.  Although puncturing will increase the CE effective coding rate the performance loss could be compensated by power control. 
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Figure 2 – Dedicated Reference Symbols in channel element for control channel precoding.
5. Conclusions 
In this contribution, it is shown that precoding can be used to significantly improve the coverage of the downlink data and control channels.  The following recommendations are provided -
· Control channel precoding should be used for 4-TX antennas provided the precoding design:

· Avoids increasing n relative to the 1-TX case or the 2-TX antenna CSD case.  
· Allows the UE to assume precoding is applied to its control channel when 4-TX antennas are available and the UE is reporting a precoding vector.
· Dedicated reference symbols are not needed to support precoding when the Node B uses the pre-selected precoding vector feedback by the UE.  If needed, however, they may be accommodated by puncturing some reference symbols in the control channel elements.
· Note: Control channel precoding with 2-TX antennas is being investigated with respect to open-loop diversity gain.
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ANNEX A – System Simulation Assumptions

Table 2 - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

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

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	System Evaluation Scenario
	Case 3 (1732m ISD, 20dB penetration loss, 10MHz BW)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	Total BS TX power (Ptotal)
	43dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/3<MCS<5)

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	CQI estimation error
	No error or Lognormal with 1dB standard deviation

	CQI delay*/reporting period
	3 TTIs / 4 TTIs

	OFDM symbols (Data symbols) per subframe
	7 (5)

	Scheduler
	PF (both in frequency domain)

	Link Mapping
	EESM

	E-UTRA BS Transmitter  x UE Receiver
	1x2

	Other Cell interference
	All BS transmitters always on at full power


*Time from when CQI is measured until it is available to the eNodeB scheduler
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