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1
Introduction
During RAN4 #54, the Rx core requirements for DC-HSUPA were agreed [1]. However, we found problems in our cross modulation simulation results, which contributed to the current Rx core requirements in TS 25.101 [2]. In this contribution, the revised cross modulation simulation results and corresponding Rx core requirements using the recently provided methodology in [3] are provided.
2
Derivation of Rx Core Requirements
For the convenience of reading, the methodology to derive the Rx core requirements [3] including simulation assumptions for the cross modulation noise is repeated below.

2.1
Cross Modulation Noise Simulation
The cross modulation noise in the Rx band between the Tx signal and jammer signal(s) due to the nonlinearity of the analog front-end will be measured, where the Rx band noise due to the spectral regrowth at the Tx PA is not incorporated. This is a reasonable assumption in most of the bands for which the Tx-Rx frequency separation is large. For those bands, in which the Tx-Rx frequency separation is small, the Rx band noise impact on the carrier to noise ratio (C/N) in the receive chain depends upon the level of transmit power of the UE and may not be negligible. In that case, the Rx band noise will be incorporated into the final Rx core requirements derivation. The details will be explained in section 2.2.
General assumptions used in the simulation are as follows:

· Rx xmod IIP3 = -10 dBm

· Duplexer isolation at the Tx frequency = 50 dB
· Tx insertion loss = 4 dB

· Rx insertion loss = 4 dB
· a3 for the 3rd order cross mod nonlinearity in the LNA and beyond = 2/(3*10^(IIP3/10)) = 20/3

· Gain of the receive path from the LNA input to the baseband input = 1
· UE Tx power at the antenna port = 20 dBm [2]
When the UE transmits at 20 dBm at the antenna port, the transmit power at the PA output is 24 dBm assuming the Tx insertion loss of 4 dB. Then, the Tx signal at the LNA input becomes -26 dBm. Similarly the jammer signals at the antenna port will experience the Rx insertion loss of 4 dB when it reaches the LNA input assuming the same Rx insertion loss of 4 dB. The simulation set-up is shown in Figure 1. In simulation, the cross modulation noise measurements (Nxmod) will be made at the “Filtered Cross Mod” point in the figure.
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Figure 1: Simulation set-up to measure the cross modulation noise in the Rx band

2.2
Derivation of Rx Core Requirements

Once the cross modulation noise (Nxmod) is obtained from simulation, Rx core requirements including in-band blocking, narrow-band blocking, intermodulation and narrow-band intermodulation can be derived via the following steps:

1. NIR-LNA,th = Nth + NFpost 
· NFpost = NFtot – IL
· NFtot = NFBand1 + BO
2. NIR-LNA,rxb = Nrxb
3. NIR-LNA,xmod = Nxmod
4. NIR-LNA,tot = NIR-LNA,th & NIR-LNA,rxb & NIR-LNA,xmod 
5. NIR-ANT,tot = NIR-LNA,tot + IL
6. ReqÎor = NIR-ANT,tot + G + IM
where
· +/- is addition/subtraction in dB domain and & is addition in linear domain
· NIR-LNA,th : Input referred thermal noise at the LNA input
· Nth : Thermal noise at room temperature = -174 dBm/Hz
· NFpost : Noise figure LNA and beyond
· NFtot : Noise figure of whole RF system in Rx receive chain (from antenna port to baseband input)
· IL : Pre LNA insertion loss (switchplexer + duplexer)
· NFBand1 : Noise figure of whole RF system for Band I (e.g., it is 9 dB for the legacy device). Additional insertion loss due to diplexer/triplexer/quadplexer will be added for a dual-band capable UE.
· BO : Band offset applied to noise figure for each band
· NIR-LNA,rxb : Input referred Rx band noise at the LNA input
· Nrxb : Rx band noise measured at the LNA input due to the spectral regrowth at the Tx PA
· NIR-LNA,xmod : Input referred cross modulation noise at the LNA input
· Nxmod : Cross modulation noise measured from simulation
· NIR-LNA,tot : Input referred total noise at the LNA input
· NIR-ANT,tot : Input referred total noise at the antenna port
· ReqÎor : Required received signal power for the requirements
· G : Required Geometry of the reference measurement channel [4]= -5.5 dB
· IM : Implementation margin = 2 dB
The steps to derive the Rx core requirements can be explained in Figure 2. At the antenna port, the signal level is Îor, and the thermal noise is Nth. At the LNA input, the signal is attenuated by IL, the thermal noise remains same, and Rx band noise is Nrxb. At the baseband input, the signal remains same as Îor-IL, Rx band noise remains same as Nrxb, the thermal noise becomes Nth+NFpost, and the cross modulation noise is Nxmod. It should be noted that unity gain is assumed for the receive path from the LNA input to the baseband input. Carrier to Noise ratio (C/N) at the baseband input is then, Îor – IL – [(Nth+NFpost) & Nrxb & Nxmod]. Therefore, the input referred total noise at the antenna port, NIR-ANT,tot, is given by
NIR-ANT,tot = IL + [(Nth+NFpost) & Nrxb & Nxmod].
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Figure 2: Derivation of Rx core requirements with Jammer signal(s)
3
Aliasing Effect

In RAN4 #54, the cross modulation noise simulation was performed with the sampling rate of 107.52 MHz. Figure 3 shows the simulation results of cross modulation noise for in-band blocking with the sampling rate of 107.52 MHz. Before the signals go through the 3rd order non-linearity model, a 107.52 MHz sampling rate is high enough to prevent any non-negligible aliasing effect. However, after the 3rd order non-linearity model, a quite significant aliasing effect occurs due to the high frequency IM3 terms. Figure 4 shows the simulation results of cross modulation noise for in-band blocking with the sampling rate of 215.04 MHz. As seen in the figures, there is a significant difference in “Output 3-rd Order”, which resulted in much higher cross modulation noise with the sampling rate of 107.52 MHz. Theoretically the sampling rate of 215.04 MHz is not even high enough to prevent the aliasing, but we have not observed any noticeable difference with higher sampling rate than 215.04 MHz. Therefore, the sampling rate of 215.04 MHz will be used for the cross modulation noise simulation.
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Figure 3: Cross modulation noise for in-band blocking with the sampling rate of 107.52 MHz
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Figure 4: Cross modulation noise for in-band blocking with the sampling rate of 215.04 MHz
4
Rx Core Requirements for DC-HSUPA
The simulation results of the cross modulation noise are shown in section 4.1, the Rx band noise due to DC-HSUPA transmission is presented in section 4.2, and the derivation of each requirement using the steps in section 2.2 follows in section 4.3. 
For each requirement in section 4.3, the following information is shown:

· Requirements derived from the cross modulation noise using the steps in section 2.2
· Legacy (single carrier) requirements defined from REFÎor (e.g., REFÎor+3dB or REFÎor+10dB)
· Relative relaxation compared against the legacy requirements

· Positive value means a spec relaxation would be required for DC-HSUPA.
· Negative value means the legacy spec can be re-used.
· Proposed requirements which are the maximum between the requirements from simulation and the legacy requirements.
4.1
Cross Modulation Noise

The cross modulation noise from the revised simulation using the sampling rate of 215.04 MHz is shown in Table 1. For reference, the old simulation results with the sampling rate of 107.52 MHz are shown together.
Table 1: Cross modulation noise
	
	Xmod Noise (dBm)

	
	New (215.04 MHz)
	Old (107.52 MHz)

	In-band Blocking 
	-105.8
	-93.1

	Narrow-band Blocking1 (II, IV, V, X) 
	-93.5
	-94.3

	Narrow-band Blocking2 (III, VIII) 
	-92
	-93.2

	Intermod 
	-95.7
	-80

	Narrow-band Intermod1 (II, IV, V, X) 
	-77
	-76.6

	Narrow-band Intermod2 (III, VIII) 
	-76
	-75.6


4.2
Rx Band Noise due to DC-HSUPA transmission

The Rx band noise due to DC-HSUPA transmission is shown in Table 2 for the frequency bands which have a smaller duplex spacing than 80 MHz. The Rx band noise can be ignored for the bands which have a duplexer spacing larger than or equal to 80 MHz.
Table 2: Rx band noise due to the DC-HSUPA transmission

	Band
	Rx band noise
	Unit
	Note

	V, VI, XIX
	-96.1
	dBm/3.84 MHz
	50 dB duplexer/diplexer isolation

	VIII
	-92.1
	dBm/3.84 MHz
	50 dB duplexer/diplexer isolation

	XI, XXI
	-89.1
	dBm/3.84 MHz
	45 dB duplexer/diplexer isolation


4.3
Rx core requirements

4.3.1
In-band Blocking

The in-band blocking requirements are shown in Table 3.
Table 3: In-band blocking requirements

	Bands
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XIX
	XXI

	Requirements
from simulation
	-100.7
	-99.4
	-98.6
	-100.7
	-94
	-94.4
	-99.4
	-90.8
	-100.1
	-100.7
	-88.3
	-94.4
	-88.3

	Legacy
Requirements
(REFÎor+3dB)
	-99.7
	-97.7
	-96.7
	-99.7
	-97.7
	-99.7
	-97.7
	-96.7
	-98.7
	-99.7
	-99.7
	-99.7
	-99.7

	Relaxation 
	-1
	-1.7
	-1.9
	-1
	3.7
	5.3
	-1.7
	5.9
	-1.4
	-1
	11.4
	5.3
	11.4

	Proposed
requirements
	-99.7
	-97.7
	-96.7
	-99.7
	-94
	-94.4
	-97.7
	-90.8
	-98.7
	-99.7
	-88.3
	-94.4
	-88.3


4.3.2
Narrow-band Blocking

The narrow-band blocking requirements are shown in Table 4.
Table 4: Narrow-band blocking requirements

	Bands
	II
	III
	IV
	V
	VIII
	X

	Requirements
from simulation
	-92.3
	-90.8
	-92.5
	-90.6
	-88.2
	-92.5

	Legacy
Requirements
(REFÎor+10dB)
	-90.7
	-89.7
	-92.7
	-90.7
	-89.7
	-92.7

	Relaxation 
	-1.6
	-1.1
	0.2
	0.1
	1.5
	0.2

	Proposed
requirements
	-90.7
	-89.7
	-92.5
	-90.6
	-88.2
	-92.5


4.3.3
Intermodulation

The intermodulation requirements are shown in Table 5.

Table 5: Intermodulation requirements
	Bands
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XIX
	XXI

	Requirements
from simulation
	-94.4
	-94.1
	-93.8
	-94.4
	-91.7
	-91.9
	-94.1
	-89.5
	-94.3
	-94.4
	-87.6
	-91.9
	-87.6

	Legacy
Requirements
(REFÎor+3dB)
	-99.7
	-97.7
	-96.7
	-99.7
	-97.7
	-99.7
	-97.7
	-96.7
	-98.7
	-99.7
	-99.7
	-99.7
	-99.7

	Relaxation 
	5.3
	3.6
	2.9
	5.3
	6
	7.8
	3.6
	7.2
	4.4
	5.3
	12.1
	7.8
	12.1

	Proposed
requirements
	-94.4
	-94.1
	-93.8
	-94.4
	-91.7
	-91.9
	-94.1
	-89.5
	-94.3
	-94.4
	-87.6
	-91.9
	-87.6


4.3.4
Narrow-band Intermodulation

The narrow-band intermodulation requirements are shown in Table 6.

Table 6: Narrow-band intermodulation requirements

	Bands
	II
	III
	IV
	V
	VIII
	X

	Requirements
from simulation
	-76.4
	-75.4
	-76.4
	-76.4
	-75.3
	-76.4

	Legacy
Requirements
(REFÎor+10dB)
	-90.7
	-89.7
	-92.7
	-90.7
	-89.7
	-92.7

	Relaxation 
	14.3
	14.3
	16.3
	14.3
	14.4
	16.3

	Proposed
requirements
	-76.4
	-75.4
	-76.4
	-76.4
	-75.3
	-76.4


5
Conclusions
In this contribution, the revised cross modulation simulation results using the higher sampling rate have been provided. Based on the revised simulation results, the corresponding Rx core requirements have been presented using the recently provided methodology in [3].
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