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1
Introduction

RAN1 has agreed on the following activation states for UL CLTD.
	UL CLTD activation state
	Uplink Channels

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

	1
	Primary Precoding Vector
	Secondary Precoding Vector

	2
	Antenna 1
	Antenna 2

	3
	Antenna 2
	Antenna 1

	4
	Antenna 1
	De-activated

	5
	Antenna 2
	De-activated


This contribution revisits the need for CLTD activation states 2 and 3.

2
Maximum Output Power
During CLTD activation state 1, the transmit power on each antenna would be the same due to beamforming and the design of the precoding vectors. Therefore, the maximum output power on each antenna will be 20 dBm each (assuming the maximum total output power is 23dBm).
During CLTD activation states 2 and 3, the maximum output power on the antenna associated with DPCCH, HS-DPCCH, E-DPDCH and E-DPDCH could be up to 23 dBm and the maximum output power on the antenna associated with S-DPCCH could be up to 20 dBm.
During CLTD activation states 4 and 5, the maximum output power on the activated antenna will be 23 dBm.

Therefore in terms of PA power efficiency, it is noted that CLTD activation states 2 and 3 would be the worst among all CLTD activation states. In addition, it may restrict UE architecture in order to support CLTD activation states 2 and 3.
3
Error Vector Magnitude

Unlike other CLTD activation states, CLTD activation states 2 and 3 will inherently develop power imbalance between 2 antennas (CLTD activation state 1 has balanced powers, CLTD activation states 4 and 5 have only one transmit antenna enabled). Depending on the power settings on each physical channel (E-DPDCH, E-DPCCH, HS-DPCCH and S-DPCCH to DPCCH power ratio), the imbalance between the two transmit chains could be up to 30 dB. 
It should be noted that the intention of specifying CLTD configurations 2 and 3 was to identify antenna imbalance and determine whether a transition to CLTD configurations 4 and 5 is warranted. However, it is apparent that one could also determine the antenna imbalance from CLTD configuration1 by removing the precoding and averaging the channels (an operation that would have been conducted in CLTD configurations 2 and 3 anyway). 

Furthermore, it is extremely questionable whether the antenna imbalance can be detected in the presence of a large transmit power imbalance between the two transmit chains due to the fact that there could be large leakage from one antenna (Tx chain) to the other antenna (Tx chain). 
There are two possible ways this leakage could occur: 
· Due to antenna to antenna coupling over the air 
· Due to inadequate internal isolation between two RF chains if the two are integrated into one chip.
These two ways are addressed in more detail in the next sections.
3.1
Antenna to Antenna Coupling Impact

In order to emulate the antenna coupling in OTA transmission, the setup in Figure 1 was used.
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Figure 1: Test setup to emulate antenna coupling in OTA for CLTD activation states 2 and 3
As noted above, CLTD activation states 2 and 3 could have a large imbalance between two transmit powers. As an example, consider the transmit power on antenna 1 (P1) to be 20 dBm and the transmit power on antenna 2 (P2) to be -10 dBm. With a typical 10 dB coupling factor between antennae, the coupled P1 power would be 10 dBm at the secondary antenna input. Since the frequency of the transmit signals from each antenna is the same, the power hitting the secondary PA would be close to 10 dBm (a few dB smaller due to the duplexer and switch-plexer loss). 
This situation could be exactly emulated on a bench setup by adding a 20 dBm WCDMA jammer (there is a 10 dB coupling factor in the coupler). In order to emulate the antenna imbalance, the equivalent power of the WCDMA jammer is given by:

WCDMA Jammer = PA Pout (of weaker antenna) + Imbalance in Power – Antenna Isolation + Coupling factor 

From this experiment, it is seen that the quality of the weaker transmit signal with a large imbalance is severely degraded. The measured EVM of the secondary transmit signal is shown in Table 1. Note that the EVM is measured at the spectrum analyzer.
Table 1: Measured EVM of weaker transmit signal with power imbalances

	Imbalance in powers
	EVM (weaker antenna, %)

	OFF
	1.5

	0 dB
	2.66

	10 dB
	7.5

	20 dB
	25 to 60

	30 dB
	60


The EVM at the secondary (weaker) antenna would impact the ability of the NodeB to detect any imbalance between the two antennas. 

3.2
On-Chip Isolation Impact
The limited on-chip isolation between Tx1 and Tx2 will cause an EVM degradation in the chain with lower transmit power. As an example, let P2 = P1 – 30. The EVM of transmit chain 2 as a function of isolation between Tx1 and Tx2 is plotted in Figure 2. This EVM degradation will happen in conducted and OTA modes.
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Figure 2: EVM of weaker transmit signal w.r.t. on-chip isolation between 2 transmit chains
3.3
Cascaded EVM impact

The isolation at the chip level and the coupling at the antenna would both combine to contribute a cascaded EVM. The cascaded EVM table is shown in Table 2 for different imbalances assuming an isolation of 30 dB at the RF chip level. It has been shown that the EVM of weaker transmit power will suffer as a function of power imbalance and antenna/on-chip isolation.
Table 2: Cascaded EVM of weaker transmit signal

	Imbalance
	EVM (%)

(due to antenna isolation)
	EVM (%)

(due to chip isolation)
	Cascaded EVM (%)

	0
	2.6
	3.2
	4.1

	10
	7.5
	10
	12.5

	20
	25
	31.6
	40.3

	30
	60
	100
	116.6


Due to the high level of the cascaded EVM, much of the primary transmit power would be present at the input to the second antenna. As a result, the imbalance between the two antennas would not be detected by the NodeB. Hence, the intention behind the introduction of CLTD configurations 2 and 3 is largely defeated. Therefore, the benefits of the two CLTD configurations are questionable.
4
Current Consumption

The current consumption of the secondary chain due to the transmission of S-DPCCH in CLTD activation states 2 and 3 is not negligible. It should be noted that additional current consumption will occur at the 2nd PA as well as in the secondary RF chain that is driving the PA. Even if the secondary chain is several dB lower than the primary chain, it would cause significant current consumption impact on the UE. For example, if the first TX chain was transmitting 22 dBm and the second TX chain was transmitting 15 dBm. The current consumption of the second chain is about 38% of that of the first chain. When CLTD activation states 2 and 3 are widely used for a long time, it will significantly drain the battery of the UE without obtaining any benefit from beamforming.
5
Conclusion
This contribution has revisited the need for CLTD activation states 2 and 3. It has been discussed that CLTD configurations 2 and 3 have low PA power efficiency and high current consumption without any gains realized from beamforming. Therefore, these two configurations impose a high cost on battery life with no tangible benefits.

Furthermore, the purpose of the introduction of CLTD configurations 2 and 3 was to enable the NodeB to detect antenna imbalance between the two transmit antennas. However, it has been shown that there is a cascading EVM effect due to the imbalance in transmit powers from the two TX transmit chains and is a consequence of the isolation between the transmit chains and RF elements. This significantly degrades the ability of the NodeB to detect any antenna imbalance thereby defeating the original intention in introducing the two CLTD configurations. Therefore, the following is proposed:

Proposal: CLTD Configurations 2 and 3 are removed from the set of allowed CLTD configurations.
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