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Introduction
Due to updates in the FRCs [1] the requirement points for the reference sensitivity level, dynamic range and in-channel selectivity have changed slightly for the updated FRCs. This text proposal addresses this issue. Since FRC A1-4 is not updated the corresponding requirement is not changed either.
The updated numbers are based in the results supplied in [2-5]. A summary of the results as well as calculations for the requirement points are supplied in the attached Excel sheet.

In addition some editorial changes are introduced into TR 36.804 [6].
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7.2
Reference sensitivity level

The primary purpose of the reference sensitivity requirement is to verify the receiver noise figure. Other RX impairments such as RX EVM will be included within the receiver dynamic range / demodulation performance requirements at higher SNR points.

A UE may be assigned only a small part of the uplink channel bandwidth, making the transmission more susceptible to narrowband spuriouses that affect only a small number of resource blocks. Putting sensitivity requirements on individual resource blocks will however put unnecessary tough requirements on the analogue receiver parts. It was therefore agreed to select a granularity of 25 resource blocks for the receiver sensitivity definition. This puts the requirement on par with the WCDMA receiver sensitivity.

The reference sensitivity level is calculated on the basis of the base station receiver noise power and predefined SNR operating point. Taking into account EVM testing is left to high throughput reference measurement channel with high SNR operating point, the reference sensitivity testing is left to low throughput reference measurement channel with low SNR operating point. Assuming the base station receiver noise figure of 5dB, SNR operating point equal to 95% relative of nominal throughput with 2dB implementation margin and 90% bandwidth efficiency (77.14% for 1.4MHz channel bandwidth), the base station reference sensitivity level for different channel bandwidths looks as follows:

Table 7.2-1. E-UTRA BS reference sensitivity level
	E-UTRA

channel bandwidth (MHz)
	Reference measurement channel
	BS reference sensitivity level

	1.4
	FRC A1-1 in Annex A.1
	-108.7-0.1+2.0 dBm

	3
	FRC A1-2 in Annex A.1
	-104.7-0.3+2.0 dBm

	5
	FRC A1-3 in Annex A.1
	-102.5-1.0+2.0 dBm

	10
	FRC A1-3 in Annex A.1*
	-102.5-1.0+2.0 dBm

	15
	FRC A1-3 in Annex A.1*
	-102.5-1.0+2.0 dBm

	20
	FRC A1-3 in Annex A.1*
	-102.5-1.0+2.0 dBm

	Note*: 
The requirement shall be met in consecutive application of FRC A1-3 to chunks of 25 resource blocks


The reference sensitivity level is the minimum mean power received at the antenna connector at which the throughput shall be ≥ 95% of the maximum throughput (see Table A.1-1).

7.3
Dynamic range

The intention of the dynamic range requirement is to ensure that the base station can receive high throughput also in the presence of increased interference and high wanted signal levels. This requirement measures the effects of receiver impairments such as receiver EVM. While measuring these effects, there should be only negligible uncertainty due to the receiver’s own thermal noise floor (e.g. 0.1dB impact).

The dynamic range requirement of the E-UTRA system is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of interfering signal in the reception frequency channel at which the throughput shall be ≥ 95% of the maximum throughput (see Table A.2-1). This is shown in Table 7.3-1.

The interfering signal for the E-UTRA base station dynamic range requirement is AWGN signal. The mean power of this signal is equal to the receiver noise floor increased by a certain margin in order to mask the receiver’s own noise floor. Based on simulations [34], additional noise of 20 dB should be appropriate. A 20 dB rise of the power of the wanted signal appears to be also a reasonable assumption from a scenario point of view, covering for both, noise rise due to other-cell interference as well as possible UL power control errors of the wanted signal.

The mean power of the wanted signal is equal to the sum of interfering signal power, SNR point and a desensitization margin. In order to make the test sensitive to receiver EVM impairments, the wanted signal is a 16QAM signal and the SNR operating point [x]dB is defined at 95% relative throughput from link level simulations. Implementation margin 2.5 dB includes base-band demodulation imperfections (e.g. due to channel estimation), receiver impairments (EVM). The same granularity of 25 resource blocks as for the receiver sensitivity definition is agreed.

Table 7.3-1 E-UTRA BS dynamic range requirement, paired spectrum, Wide Area BS

	E-UTRA

channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] /channel BW
	Type of interfering signal

	1.4
	FRC A.2-1 in Annex A.2
	[-88.7+9.9+2.5]
	[-88.7]
	AWGN

	3
	FRC A2-2 in Annex A.2
	[-84.7+9.8+2.5]
	[-84.7]
	AWGN

	5
	FRC A2-3 in Annex A.2
	[-82.5+9.8+2.5]
	[-82.5]
	AWGN

	10
	FRC A2-3 in Annex A.2*
	[-82.5+9.8+2.5]
	[-79.5]
	AWGN

	15
	FRC A2-3 in Annex A.2*
	[-82.5+9.8+2.5]
	[-77.7]
	AWGN

	20
	FRC A2-3 in Annex A.2*
	[-82.5+9.8+2.5]
	[-76.4]
	AWGN

	Note*: 
The requirement shall be met in consecutive application of FRC A2-3 to chunks of 25 resource blocks 


<<< Next modified section >>>
7.7
In-channel selectivity

In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of another in-channel wanted signal received at a much larger power spectral density.

It is proposed to define the UL signal for just 2 users, one being the “wanted” signal and the other one being the “interfering” signal at elevated power. The following wanted/interfering RB allocations are proposed:

Table 7.7-1: Wanted/interfering RB allocations
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In case of 15, 20 MHz the 25 RB allocations of the wanted / interfering signals are proposed to be adjacently around DC in order to be sensitive to the RF impairments of RX image leakage, EVM, IMD3 and LO phase noise. 

Regarding the interferer level, it is proposed to conduct this test for a 16QAM “interfering” RB allocation 25 dB above its noise floor, corresponding to a 16 dB interference-over-thermal [4] and a 9 dB C/I assumption. Table 2 summarizes the required level of the interfering signals:

Table 7.7-2: Required level of the 16QAM modulated interfering signal 
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For the “wanted” RB allocation no additional interference is assumed (worst case). It is proposed to have a 3 dB desensitisation of the “wanted” RB allocation in the presence of the “interfering” RB allocation. This results in a ~25 dB in-channel selectivity requirement. 

The “wanted” signal is a QPSK modulated FRC. To define test criteria, it is sufficient to measure the throughput of the “wanted” signal only.
Assuming the base station receiver noise figure of 5dB, SNR operating point equal to 95% relative of nominal throughput with 2dB implementation margin and 90% bandwidth efficiency (77.14% for 1.4MHz channel bandwidth), the base station reference sensitivity level for different channel bandwidths looks as follows:

Table 7.7-3 E-UTRA BS in-channel selectivity, paired spectrum

	E-UTRA

channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	[-111.7 + 0 + 2 +3]
	[-87]
	1.4 MHz E-UTRA signal, 3 RBs

	3
	A1-5 in Annex A.1
	[-106.9 -0.2   + 2 +3]
	[-84]
	3 MHz E-UTRA signal, 6 RBs

	5
	A1-2 in Annex A.1
	[-104.7 -0.3 + 2 +3]
	[-81]
	5 MHz E-UTRA signal, 10 RBs

	10
	A1-3 in Annex A.1
	[-102.5 -1.0 + 2 +3]
	[-77]
	10 MHz E-UTRA signal, 25 RBs

	15
	A1-3 in Annex A.1*
	[-102.5 -1.0 + 2 +3]
	[-77]
	15 MHz E-UTRA signal, 25 RBs*

	20
	A1-3 in Annex A.1*
	[-102.5 -1.0 + 2 +3]
	[-77]
	20 MHz E-UTRA signal, 25 RBs*

	Note*: 
Wanted and interfering signal are placed adjacently around DC


<<< Next modified section >>>
Annex A:
Measurement channels

A overview of the encoding process is given in figure A-1. First a CRC is added to the transport block. The transport block is then split into code blocks with a maximum size of 6144 bits. If the transport block is split into 2 or more parts a CRC is added to each code block. The code block is encoded using a rate 1/3 turbo coder. To get the coder back into a known state a few more bits (12) has to be generated, these are know as the trellis termination bits. The coded block is then punctured using a circular buffer to get the correct number of bits to transmit over the channel. Finally the code blocks are concatenated, mapped to constellations and sent in a subframe.

Receiver requirements in the present document are defined with a throughput stated relative to the Maximum throughput of the FRC. The Maximum throughput for an FRC equals the Payload size * the Number of uplink subframes per second.

A.1
Fixed Reference Channels for reference sensitivity (QPSK, R=1/3)

Table A.1-1 FRC parameters for reference sensitivity

	Reference channel
	A1-1
	A1-2
	A1-3
	A1-4
	A1-5

	Allocated resource blocks
	6
	15
	25
	3
	9

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	600
	1544
	2216
	288
	936

	Transport block CRC (bits)
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0

	Number of code blocks – C
	1
	1
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	1884
	4716
	6732
	948
	2892

	Total number of bits per sub-frame
	1728
	4320
	7200
	864
	2592

	Total symbols per sub-frame
	864
	2160
	3600
	432
	1296


A.2
Fixed Reference Channels for dynamic range (16QAM, R=2/3)

Table A.2-1 FRC parameters for dynamic range

	Reference channel
	A2-1
	A2-2
	A2-3

	Allocated resource blocks
	6
	15
	25

	DFT-OFDM Symbols per subframe
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM

	Code rate
	2/3
	2/3
	2/3

	Payload size (bits)
	2344
	5992
	9912

	Transport block CRC (bits)
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	24

	Number of code blocks - C
	1
	1
	2

	Coded block size including 12bits trellis termination (bits)
	7116
	18060
	14988

	Total number of bits per sub-frame
	3456
	8640
	14400

	Total symbols per sub-frame
	864
	2160
	3600


