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1. Introduction

This contribution describes alternate reference symbol formats when employing a single transmit antenna or two transmit antennas at the Node B.  The alternate reference symbol formats allow (assuming the shifting or no-hopping mode is used):

(1) Control channel and ACK/NACK resource element (RE) locations invariant to the number of Node-B antennas. 

(2) ACK/NACK resource element locations invariant to number of channel elements if ACK/NACK resource elements only in first OFDM symbol
(3) Signficantly improved control channel SINR vs BLER performance especially at low SINR.

Note that in this paper we are attempting to address similar control channel invariant issues as [1].
2. Downlink L1/L2 Control Channel Candidate Map
For all reference symbol (RS) formats investigated, the RS placement (in time and frequency) follows the currently agreed upon (baseline) four antenna RS allocation shown in Figure 1 below (shown for a paticular hopping pattern).  To improve the channel estimation performance for the control channel at low SNRs, the use of additional RSs for the single transmit antenna (antenna one) and two transmit antennas (antenna one and two) is explored.
The baseline reference symbol mapping in a subframe as shown in Figure 1 can be described as:

Table 1 – Baseline Reference Symbol Allocation to OFDM symbol 1 (SYM1) and symbol 2 (SYM2)

	#TX Antennas
	RS locations baseline
	Reference symbol (Tx) mapping
	Density for given Tx
	Loss relative to ICE  

-5<SNR<-2  /  2<SNR<5dB

	1
	SYM1: T1
	T1 = T1
	1/6 
	3.2 dB / 1.2 dB

	2
	SYM1: T1,T2
	T1=T1, T2=T2
	1/6 for T1 and T2
	3.1 dB / 1.6 dB

	4
	SYM1: T1,T2  SYM2: T3,T4
	T1=T1, T2=T2, 

T3=T3, T4=T4
	1/6 for T1,T2,T3,T4
	NA


The alternative reference symbol mapping in a subframe also based on Figure 1 can be described as:

Table 2 – Alternate Reference Symbol Allocation to OFDM symbol 1 (SYM1) and symbol 2 (SYM2)
	#TX Antennas
	RS locations baseline
	Reference Symbol (Tx) mapping
	Density for given Tx
	Loss relative to ICE
-5<SNR<-2  /  2<SNR<5dB

	1
	SYM1: T1,T2 
	T1=T1, T2=T1
	1/3 for T1 on SYM1
	1.9 dB /0.8 dB

	1
	SYM1: T1,T2  SYM2: T3,T4
	T1=T1, T2=T1, T3=T1, T4=T1
	1/3 for T1 on SYM1 1/3 for T1 on SYM2
	1.4 dB / 0.5dB

	2
	SYM1: T1,T2  SYM2: T3,T4
	T1=T1, T2=T2,

T3=T1, T4=T2
	1/6 for T1 and T2 on SYM1 and SYM2
	NA

	4
	SYM1: T1,T2  SYM2: T3,T4
	T1=T1, T2=T2,

T3=T3, T4=T4
	1/6 for T1,T2,T3,T4
	Same as baseline


The performance details for the baseine and alternate RS mapping cases for one transmit antenna is given in [2] and [4] and in summarized in Table 1 and 2.  As noted in Table 1 the loss relative to ideal channel estimation (ICE) is about 1.2 dB for 2 < SNR < 5dB and 3.2 dB for -5< SNR < -2.  From Table 2 the alternate reference symbol format for a single transmit antenna reduces the loss relative to ideal channel estimation to about 0.5 dB for 2< SNR < 5dB and 1.4dB for -5<SNR<-2.

For example, for 5 MHz carrier with ‘n=2’ it is possibleto fit 13 control channel elements (CEs) of size 36 resource elements (REs), 32 REs for ACK/NACKs and 100 REs for RS in first OFDM control symbol.  Therefore, the total number REs in the ‘n=2’ control region (nRE_total(n=2)) is:

nRE_total (n=2) = 600 = 13 x 36 + 32 + 2 x 50.  
While the CE resource element locations for the above example would be invariant for 1 or 2 transmit antennas it would not be invariant for 4 antennas since only the RS in the first OFDM symbol are always occupied. ACK/NACK resource element locations would be invariant for 1,2, or 4 antennas.
If all RSs always occupied in first and second OFDM symbols independent of number of TX antennas then  #REs, and RE locations in the ‘n=2 or 3’ subframe control region for CEs and ACK/NACKs will not change with the number of transmit antenna.  For a 3 symbol control region (‘n=3’) we have 900 REs. Hence, 18 CEs can be supported (up to 9 DL and 9 UL UEs can be scheduled per subframe) with 20 resource elements left over which can go unused or 12 of the 20 can be given back to data (i.e. extend one data resource block by one symbol).

nRE_total (n=3) = 900 = 18 x 36 + 32 + 2 x 100 + 20
Note that Table 3 below captures both of the above 5MHz examples as well as 10 and 20 MHz examples.
Table 3 – CCH Design Example, Ant=1,2 means all RS occupied in OFDM symbol 1 independent of # of Tx antennas; Ant=1,2,3,4 means all RS locations occupied in OFDM symbol 1 and 2 independent of # Tx antennas.

[image: image1.emf]Parameters ant=1,2 ant=1,2 ant=1,2,4 ant=1,2,4 ant=1,2 ant=1,2 ant=1,2,4 ant=1,2,4 ant=1,2 ant=1,2 ant=4 ant=4

n=2 n=3 n=2 n=3 n=2 n=3 n=2 n=3 n=2 n=3 n=2 n=3

nCE

13 21 10 18 20 33 16 29 36 59 28 51

nDL/nUL 7/6 11/10 5/5 9/9 10/10 9/8 8/8 8/8 8/7 7/7 9/9 9/9 2x10/10 10/9 7/7 7/7 3 x 9/8

nBD_CSApair 20BD 38BD 11BD 32BD 36BD 30BD 28BD 26BD 32BD 36BD 24BD 30BD

nCSApairs 1 1 1 1 1 2 1 2 2 3 2 3

nRE_cch_alloc 468 756 360 648 920 1518 736 1334 1872 3068 1456 2652

nRE_a/n 32 32 32 32 64 64 64 64 128 128 128 128

nRE_ce 36 36 36 36 46 46 46 46 52 52 52 52

nRE_cch_nalloc 0 12 8 20 16 18 0 2 0 4 16 20

5 MHz 10 MHz 20 MHz


3. Conclusions

It was shown that by using alternate reference symbol formats the ACK/NACK and control channel resource element locations can be made invariant to the number of transmit antennas (1,2, or 4) while significantly improving control channel performance by up to almost 2 dB due to improved channel estimation.  Note ACK/NACK resource elements locations were also made invariant to the number of control channel elements.  It is proposed that the alternate reference symbol formats be employed in the first or first and second control symbols to significantly improve control channel performance and allow invariant resource element locations for ACK/NACK and control channel elements.
4. References

[1] R1-070930, “Downlink L1/L2 Control Signaling: Multiplexing, Configuration and Logical Receiver Model “, Panasonic, RAN1#48, St. Louis, February 2007

[2] R1-071350, “Channel Estimation Performance for DL Control Channel in E-UTRA”, Motorola, RAN1#48bis, Malta, March. 2007
[3] R1-071355, “E-UTRA DL L1/L2 Control Channel Format”, Motorola, RAN1#48bis, Malta, March 2007.

[4] R1-071813, “DPCCH Performance in E-UTRA for Different Reference Symbol Formats”, Motorola, RAN1#48bis, Malta, March 2007.


[image: image2.emf]T

3

T

4

T

3

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

frequency

time

T

4

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

T

1

T

2

T

3

D

D

D

D

D

D

D

T

4

T

1

T

2

T

3

T

4

T

1

T

2

T

3

T

4

T

1

T

2

T

3

T

1

T

1

T

1

T

1

T

2

T

2

T

2

T

2

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

T

4

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

T

1

T

2

T

3

D

D

D

D

D

D

D

T

1

T

2

T

4

T

1

T

2

T

3

T

1

T

2

T

1

T

1

T

1

T

1

T

2

T

2

T

2

T

2

D D D

T

4

D D D D D T

1

T

2

T

3

D

T

4

T

1

T

2

T

3

T

4

T

1

T

2

T

3

T

4

T

1

T

2

T

3

T

4

D D D D

D

D

D

D D

D

D D

D

D D

D

D D D D D D D D D D


Figure 1.
Baseline downlink reference symbol format for up to four transmit antennas.  Tm stands for reference symbol for transmit antenna m and D stands for a data or control symbol.  The thick lines mark RB boundaries (in frequency) and subframe boundaries (in time).  Note that this figure is shown for one possible hopping pattern.
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