3GPP TSG-RAN WG4 Meeting #62
 R4-120232
Dresden, Germany, 6-10 February, 2012
Agenda Item:
6.13.1
Source: 
Ericsson, ST-Ericsson
Title: 
Open issues for UE receiver requirements for non-contiguous intra-band CA
Document for:
Discussion
1 Introduction
The LTE carrier aggregation (CA) enhancement WI was approved to include the definition of generic framework for UE and BS core requirements for non-contiguous (NC) intra-band CA [1]. In [2], the scenarios for LTE NC intra-band CA are discussed. In [3], the impact on UE receiver requirements is analyzed.

In this contribution, we discuss some open issues for UE receiver requirements.
2 Background
In [2], the following definitions are introduced to facilitate the discussion.

· Sub-block: This is one contiguous allocated block of spectrum for use by the same Base Station. There may be multiple instances of sub-blocks within an RF bandwidth. 

· Sub-block bandwidth: The bandwidth of one sub-block.
· Sub-block gap: A frequency gap between two consecutive sub-blocks within an RF bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation. 

· Symmetry: A scenario is called symmetric, if the 1st sub-block is of the same bandwidth as the 2nd sub-block.  On the other hand, it is called asymmetric, if the 1st sub-block is not of the same bandwidth as the 2nd sub-block.

· Receiver architecture: A receiver architecture with a RF local oscillator (LO) per sub-block is called a dual receiver. On the other hand, a receiver architecture with a single RF LO is called a single receiver. 

In addition, in [2], the scenarios for LTE NC intra-band CA are formulated, assuming that 2 sub-blocks (and 1 sub-block gap) within a frequency band. The notations therein are repeated in the following for the sake of convenience. 
· An uppercase letter  refers to the sub-block bandwidth. Different letters are used for different bandwidths (e.g., ‘C’ and ‘D’). 

· A lowercase letter ‘x’ refers to the sub-block gap bandwidth smaller than or equal to TBD. A lower case letter ‘y’ refers to the sub-block gap bandwidth larger than TBD. 
Based on these notations, the scenarios under consideration can be summarized as shown in Table 1. 

	Symmetry
	Sub-block gap bandwidth
	Scenarios
	Example (MHz)

	Symmetric
	≤ TBD
	CxC
	5-25-5

	
	> TBD
	CyC
	5-45-5

	Asymmetric
	≤ TBD
	CxD
	5-25-10

	
	> TBD
	CyD
	5-45-10


Table 1. Scenarios for LTE NC intra-band CA.

For simplicity, we assume that a sub-block consists of a single component carrier (CC) in the following. Therefore, it is possible to use “sub-block” and “CC” interchangeably.
3 Receiver architecture
The UE receiver performance is highly dependent on the receiver architecture. In [2], both a dual receiver and a single receiver are considered as the receiver architectures for NC intra-band CA. As pointed out in [3], both the receiver architectures seem to have their pros and cons, although it depends on the specific implementation choice. In detail, if a dual receiver uses a dedicated RF LO for each sub-block, the coupling of high-frequency LOs may lead to unwanted frequency conversion of either UL sub-blocks from its own transmitter or an out-of-band blocker. On the other hand, if a single receiver is used for asymmetric scenarios with a strong in-gap interfering signal, the image may deteriorate the receiver performance significantly.
Although it is still unclear which receiver architecture should be chosen as the reference architecture, we assume a dual receiver in the following. However, it should be noted that we should not rule out other receiver architectures, before we can understand the architectural implications in the UE receiver requirements fully. We encourage other companies to discuss the impact of the UE receiver architecture in RAN4.
4 UE receiver requirements

As stated in [3], the UE receiver requirements should be specified together with the corresponding UL configurations. For instance, for contiguous intra-band CA, the UE receiver requirements are specified in the presence of two UL sub-blocks from its own transmitter [4]. On the other hand, for inter-band CA, the UE receiver requirements are specified with either of the UL sub-blocks from its own transmitter [4]. 
Although it is unclear how the UL configurations should be specified, the presence of either of two UL sub-blocks is assumed throughout the contribution. This assumption makes sense, since UL CA with full transmit power is in practice limited to operation far above the reference sensitivity power level. Recall that the core requirements (except for the maximum input level requirement) assume the Fixed Reference Channels (FRC) intended for operation around the reference sensitivity power level [4]. 
4.1 Reference sensitivity power level
The reference sensitivity power level is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel. 
Firstly, it should be noted that the minimum distance between a UL sub-block and a DL sub-block is much smaller than for the contiguous CA case. As pointed out in [3], if two sub-blocks are located around both edges of the frequency band, the minimum distance between an UL sub-block and a DL sub-block is simply the gap bandwidth between the transmit band and the receive band, regardless of the TX-RX frequency separation. Given the same level of duplexer isolation, this should be taken into consideration in the UL configurations, more specifically, the transmission bandwidth of a UL sub-block. For example, the minimum distance between a UL sub-block and a DL sub-block amounts to 20 MHz for Band 25 and thus the transmission bandwidth should scale down to around 10 RBs. (Recall that, for a single-carrier transmission (Band 14), the TX-RX frequency separation is 30 MHz and the transmission bandwidth is set to 15 RBs.)
Secondly, when the inter-sub-block spacing is half the TX-RX frequency separation, a UL sub-block is placed at a distance of multiples of the inter-sub-block spacing from DL sub-blocks. In this case, the unwanted frequency conversion due to LO coupling may cause a UL sub-block to interfere with a DL sub-block [2]. For example, let us assume two 20 MHz DL sub-blocks and one 20 MHz UL sub-block. Assuming that a UL sub-block of -25 dBm appears at the input of LNA, it may interfere with a DL sub-block of -90.5 dBm, because of unwanted frequency conversion. If an LO spur at the center frequency of a UL sub-block is, for example,60 dB weaker than the desired LO signal at the center frequency of a DL sub-block, it is equivalent to having a co-channel interferering signal of -25 - 60 = -85 dBm at the input of LNA. This is illustrated in Figure 1. Thus the receiver sensitivity level may need to take into consideration the unwanted frequency conversion.
[image: image1.emf]


Figure 1. Unwanted frequency conversion.

4.2 Blocking

The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response occur.
4.2.1 In-band blocking
In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for the specified measurement channels.

For NC intra-band CA, the interfering signal near to the 1st DL sub-block may be equi-distant between a UL sub-block and the 2nd DL sub-block, as exemplified in Figure 2. In this case, an IM3 product of the UL sub-block and the interfering signal falls on the 2nd DL sub-block. For example, let us assume two 5 MHz DL sub-blocks, one 5 MHz UL sub-block of -29 dBm and one 5 MHz interfering signal of -44 dBm. Assume that the IIP3 of the receiver amounts to -22 dBm. If the inter-sub-block spacing is half the TX-RX frequency separation plus the center frequency offset of IBB Case 2 (15 MHz), the IM3 product falls on top of the 2nd sub-block and amounts to 2 x (-44) + (-29) – 2 x (-22) = -73 dBm. In order to guarantee the minimum SINR (e.g., -1.5 dB for QPSK and 1/3 code) in the presence of such a strong IM3 product, the DL sub-block should be stronger than -73 - 4.7 + 1.25 -1.5 = -78 dBm (REFSENS + 18.5 dB). (Note that the maximum allowable IM3 product over 20 MHz is set to 1.25 dB below the maximum allowable noise floor (-76.5 dBm), taking into account the bandwidth scaling for the IM3 product (4.7 dB) is considered.) Otherwise, it would be necessary to improve the linearity of a receiver. It should be noted that this is not problematic at all for the single-carrier case where the inter-sub-block spacing is the same as TX-RX frequency separation that is at least 30 MHz.
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Figure 2. In-band blocking.
4.2.2 Out-of-band blocking

Out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band. 
The situation is similar to the in-band blocking requirements. When an interfering signal is placed at a distance of the TX-RX frequency separation from a UL sub-block, it causes an IM3 product together with the UL sub-block on top of a DL sub-block. This is also the case for a single-carrier transmission and can be covered by the spurious response requirements, in other words, by relaxing the interfering signal down to -44 dBm. One difference is that a larger number of exceptions may need to be taken as the spurious response frequencies, as illustrated in Figure 3. For example, let us assume two 5 MHz DL sub-blocks, one 5 MHz UL sub-block of -29 dBm, an interfering signal of -15 – 27 = -42 dBm outside the transmit band (OBB range 3) and an interfering signal of -30 – 50 = -80 dBm inside the transmit band (OBB range 2). Note that the duplexer is assumed to provide the receive band with 50 dB isolation inside the transmit band and 27 dB isolation outside the transmit band. Assume again that the IIP3 of the receiver amounts to -22 dBm. The IM3 products from an interfering signal outside the transmit band amount to 2 x (-29) + (-42) – 2 x (-22) = -56 dBm. All these IM3 frequencies may need to be considered as the spurious response frequencies. It is unclear whether the maximum number of exceptions allowed for the spurious response frequencies needs to be increased.
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Figure 3. Out-of-band blocking.
5 Summary

In this contribution, a couple of open issues for UE receiver requirements were described, which include the reference sensitivity power level, the in-band blocking and the out-of-band blocking. We encourage other companies in RAN4 to look into these issues.
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