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1
Introduction

There are 5 CLTD configurations that could be applied at the UE. These configurations are applied at the UE based on HS-SCCH orders transmitted from the NodeB. In order for the NodeB to instruct the UE transitions from one configuration to another, knowledge of the UE’s physical antenna is required at the NodeB.
In this document, we consider whether there are any ambiguities in the NodeB’s interpretation of the UE’s physical antenna. Error events are also considered and an estimation of their potential impact is made.
2

Discussion
There are 5 CLTD configurations that have been agreed in RAN1. They are listed in Table 1.
Table 1: CLTD Configurations
	UL CLTD Configuration
	Uplink Channels

	
	DPCCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH
	S-DPCCH

	1
	Primary Precoding Vector
	Secondary Precoding Vector

	2
	Physical Antenna 1
	Physical Antenna 2

	3
	Physical Antenna 2
	Physical Antenna 1

	4
	Physical Antenna 1
	De-activate

	5
	Physical Antenna 2
	De-activate


HS-SCCH orders have also been defined to enable the NodeB to instruct the UE to switch between configurations. However, there were questions raised as to whether the NodeB is aware of the actual physical antenna that is used by the UE. This information is necessary for the NodeB to determine the UE should be switched to a different configuration. In the following, the NodeB’s interpretation of the UE’s physical antenna is examined.

2.1
NodeB Receiver Processing

Since precoded pilots are used in CLTD, the following signal model is considered:
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Where

· 
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 are the received signal at the two antennas at the NodeB
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is the matrix of precoding weights
· 
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is the primary pilot
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is the gain factor associated with the primary pilot
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 is the secondary pilot
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is the gain factor associated with the secondary pilot
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 is the data channel
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is the gain factor associated with the data
· 
[image: image11.wmf]j

i

h

,

is the channel between Tx antenna 
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and Rx antenna 
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are zero mean complex Gaussian with 
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is the processing gain associated with de-spreading of the DPCCH

Since enhanced symmetric beamforming is used and the precoding weights have equal amplitude, the matrix of precoding weights in the case of CLTD configuration 1 is given by:
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Consider Rx Antenna 1 at the NodeB:

The processing shown below is applicable in the case the UE is in CLTD configuration 1. A similar analysis can be performed for the other configurations as well. The received signal after de-scrambling and de-spreading is given by
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The estimates of the physical channels can now be obtained by inverting the coefficient matrix.
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A similar operation can be performed at the Rx antenna 2 at the NodeB to obtain
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Therefore, the composite 2x2 channel can be constructed as:
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We can now interpret the physical channel estimates depending on the CLTD configuration that is applied at the NodeB. Note that this estimate of the channel matrix can be filtered over time to compute the antenna imbalance between the different antenna components as well.
For CLTD configuration 1 and 2:
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 correspond to transmissions from the UE’s Physical Antenna 1
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 correspond to transmissions from the UE’s Physical Antenna 2
For CLTD configuration 3:
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 correspond to transmissions from the UE’s Physical Antenna 2
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 correspond to transmissions from the UE’s Physical Antenna 1

For CLTD configuration 4:
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 correspond to transmissions from the UE’s Physical Antenna 1
For CLTD configuration 5:
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 correspond to transmissions from the UE’s Physical Antenna 2
The energy of the filtered channel components can be used to compute the antenna imbalances between the antennas. This can be used a criterion to switch the CLTD configurations at the UE.
The above analysis shows that when the CLTD configuration that is applied at the UE is known to the NodeB (as is the current CLTD operation), then the NodeB would be able to ascertain the physical antenna 1 and 2 that is used at the UE without ambiguity. It is necessary though to capture the way in which the matrix of the pre-coding weights is applied at the UE in the specification. It can be specified through block diagrams as in [2].
2.2
Error Events
As shown in the previous section, there are no ambiguities in the NodeB’s interpretation of the UE’s physical antenna as long the NodeB is aware of the CLTD configuration that is applied at the UE.

In this section, we consider the consequences if error events occur when the UE switched from one configuration to another. This may result in a mismatch in the assumption of the CLTD configuration that is applied at the UE. There are two potential error events:

· The HS-SCCH order is correctly received and applied at the UE but the NodeB misses the ACK corresponding to the order. This event does not have serious consequences since it can be expected that the NodeB would retransmit the order after failing to receive the ACK. Therefore, any mismatch in the assumption in the CLTD configuration is likely to be short-lived and is not likely to have an impact.
· The HS-SCCH order is missed by the UE. The DTX on the HS-DPCCH channel corresponding to the order is false received as an ACK. In this event, the UE and the NodeB have a mismatch in the assumption of the CLTD configuration applied at the UE. However, this error event is a product of two error events and is considered to be rare and unlikely to cause any serious disruptions in CLTD operation. In any case, the NodeB would be able to recognize the mismatch after a while and re-transmit the order.
The discussion above shows that there are no serious consequences due to the occurrence of error events when the UE is switched from one configuration to another.

Based on the analysis in Sections 2.1 and 2.2, it is considered that there is no ambiguity in the interpretation of the UE’s physical antenna in all CLTD configurations. 
3
Conclusions
There are 5 CLTD configurations that could be applied at the UE. These configurations are applied at the UE based on HS-SCCH orders transmitted from the NodeB. In order for the NodeB to instruct the UE transitions from one configuration to another, knowledge of the UE’s physical antenna is required at the NodeB. 
In this document, it is shown that when the received signal is processed at the NodeB, the physical channel matrix is estimated at the NodeB. The constructed physical channel matrix, along with the knowledge of the CLTD configuration provides the NodeB knowledge of the UE’s physical antennas. If the application of the precoding weights is defined in the specifications for different configurations, there is no ambiguity about the interpretation of the physical antennas. The impact of error events was also discussed and it was shown that any likely error events that may occur would not have a serious impact to CLTD operation.
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