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1 Introduction

In the RAN WG4#42 discussion about UE receiver performance requirements was started and main principles of for examples UE ACS [1] were captured into the 36.80x TR. Some ideas regarding the strategy how LTE UE RF performance requirements could be set were also presented in [3]. This contribution continues discussion on RF performance requirements for UE receiver.
2 Discussion
2.1 Cookbook for interfering signals

Following interfering signals are used in 3GPP TS 25.101 section 7 when performance requirements for WCDMA UE are defined.

· Wide band interferer

· Modulated WCDMA down link signal as specified in ANNEX C 4 of [2]

· Narrow band interferers

· CW interferer

· GMSK modulated interfering signal as defined in TS 45.004 [4]
As there are many similarities in LTE DL to WCDMA DL it would seem reasonable to use same set of interfering signals when receiver RF performance requirements for LTE UE are set. On the other hand it would be good to use as few interfering signals to keep both specification and test systems as simple as possible.

The RX requirements for LTE UE must guarantee that the performance is maintained also in presence of both wide band and narrow band interfering technologies. 5MHz full band width LTE down link signal would be a good choice as wide band interfering signal as wider band width down link signals (10, 15 and 20MHz) are expected to be more lenient from receiver perspective due to lower power spectral density. The performance in presence of narrow band width options could be guaranteed by setting proper narrow band ACS or blocking requirements.
Based on the learning in WCDMA using a GMSK modulated interferer in narrow band blocking and IMD test cases does not add value to the existing requirement. It’s true that in real networks the interfering signals are often GMSK modulated, but also other technologies are used on adjacent frequency blocks. The GMSK modulated signal does not have any amplitude variation and the power is concentrated on very narrow area in frequency domain and therefore the differences to CW signal are after all very small.
Based on the findings above it’s proposed that a 5MHz full band width LTE down link signal and CW signal are used as interfering signals when RF performance requirements for LTE UE receiver are defined.
2.2 RX performance requirements
3GPP TS 25.101 release 7 contains following RF performance requirements for UE receiver in section 7.

· Reference sensitivity level
· Maximum input level
· Adjacent Channel Selectivity (ACS)
· Blocking characteristics
· Spurious response

· Intermodulation characteristics
· Spurious emissions
As the purpose of the section 7 requirements is to guarantee that the analog parts of the receiver have good performance (noise figure, selectivity, linearity etc.) it’s proposed that one or two different “down link reference channels” are defined with fixed modulation and coding. One of the channels should represent low SNR and the other possibly high SNR case. The section 7 requirement can also be defined without HARQ, which will simplify and also speed up the testing of the UE. QPSK modulated signal with 1/3 coding could be used as low SNR channel 64QAM modulated signal with 3/4 coding as high SNR channel. The relative throughput versus SNR of these two channels in AWGN channel with 1 TX / 1 RX, no HARQ, and true channel estimation is shown in figure 1. With high number of sub-carriers the maximum throughput of 1/3 coded QPSK channel is achieved with SNR of 0dB and about 17.5dB is needed for 3/4 coded 64 QAM channel.
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Figure 1. Relative throughput of 1/3 coded QPSK and 3/4 coded 64QAM signals
As can be seen from the figures above the throughput without HARQ reacts strongly to changes in SNR close to switching point and therefore throughput could be used as performance metric in all receiver RF requirements.
2.2.1 Section 7.1 General

Defines the reference point for requirements, which is antenna connector and reference antenna gain of 0dBi is assumed. Similar approach should be taken in LTE also as this is the only practical way forward at the moment. Even if radiated requirements have been set for WCDMA receiver sensitivity and transmitter output power it’s not practical to define all requirements with true antenna performance included but similar approach to WCDMA should be chosen.
At first phase same operating bandwidth for DL and UL should be assumed when requirements for receiver are defined. Later impacts of unequal RX and TX band widths could be included.

2.2.2 Section 7.2 Diversity characteristics

In RAN1 it has been assumed that all LTE UEs are capable of RX diversity reception and this would indicate that also the minimum requirements should be defined for two RX configuration. It’s however proposed that requirements for two RX configuration are defined using one RX requirements as an intermediate step. The one RX requirements could then be extended to cover also the two RX configuration.
2.2.3 Section 7.3 Reference sensitivity level
The reference sensitivity requirement should be defined using low SNR reference channel for full bandwidth reception. The noise figure of the LTE UE should be the same as for WCDMA UE. The requirement should be set for one RX but with both receivers configured performance should be 2dB better. Assuming 9dB noise figure and about 2dB IM for Band I (as in WCDMA) and 0dB SNR requirement the reference sensitivity requirement for 1 RX 5MHz option could be as follows:
The reference sensitivity level <REFSENS> is the minimum mean power received at the UE antenna ports at which the specified THROUGHPUT performance shall be met.
Noise floor:-174+10*log10(15000*300)+9= -98dBm
SNR= 0dB+2dB= 2dB

Îor,1RX= -96dBm

Îor,2RX = -98dBm
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Figure 2. 
The requirement could be mathematically extended for all existing frequency variants and several operating band widths. Same offsets between the bands as in 25.101 are used. For different band widths the sensitivity requirement has been scaled based on the effective band widths (= Nsc*15kHz) of the signals. All values in the table below as tentative and provided as an example only.
	LEVEL
	BW (MHz)

	Operating band
	Unit
	[1.4]
	[1.8]
	5
	10
	15
	20

	I
	dBm
	-102.5
	-101.2
	-96.3
	-93.3
	-91.5
	-90.2

	II
	dBm
	-100.5
	-99.2
	-94.3
	-91.3
	n.a.
	n.a.

	III
	dBm
	-99.5
	-98.2
	-93.3
	-90.3
	n.a.
	n.a.

	IV
	dBm
	-102.5
	-101.2
	-96.3
	-93.3
	-91.5
	-90.2

	V
	dBm
	-100.5
	-99.2
	-94.3
	n.a.
	n.a.
	n.a.

	VI
	dBm
	-102.5
	-101.2
	-96.3
	n.a.
	n.a.
	n.a.

	VII
	dBm
	-100.5
	-99.2
	-94.3
	-91.3
	-89.5
	-88.2

	VIII
	dBm
	-99.5
	-98.2
	-93.3
	n.a.
	n.a.
	n.a.

	IX
	dBm
	-101.5
	-100.2
	-95.3
	-92.3
	n.a.
	n.a.

	X
	dBm
	-102.5
	-101.2
	-96.3
	-93.3
	-91.5
	-90.2

	NOTE 1: The values are applicable for one receiver chain only. When two receive chains are used the conducted sensitivity shall be [2] dB better, i.e. the level of test signal shall be set [2] dB lower.
NOTE 2: The transmitter shall be set to maximum output power
NOTE 3: For the UE which supports both Band III and Band IX operating frequencies, the reference sensitivity level of Band IX is relaxed by 1.5dB.


Sensitivity requirement for sub-band reception requires further study. This requirement could be defined in a way that it mimics UE RX behavior during the VOIP call.
High SNR sensitivity requirement should also be considered, but requires further study. For High SNR sensitivity requirement it’s likely that higher IM needs to be used. Initial analysis shows that four (4) dB could be used as working assumption.
2.2.4 Section 7.4 Maximum input level
The maximum input level requirement should be defined for both low and high SNR reference channels. For High SNR requirement it’s likely that higher IM needs to be used. Initial analysis shows that four (4) dB could be used as working assumption. Due to similarities between WCDMA and LTE in down link equal maximum input level should be defined for LTE UE.
The UE should fulfill the specified THROUGHTPUT requirement for received signal power levels specified in table below. The requirement should be set for 1RX but with both receivers configured performance should not be any worse.
	 
	BW (MHz)

	Operating band
	Unit
	[1.4]
	[1.8]
	5
	10
	15
	20

	All bands
	dBm
	-25.0
	-25.0
	-25.0
	-25.0
	-25.0
	-25.0

	NOTE 1: The values are applicable for one receiver chain only. When two receive chains are used the performance shall not be any worse.
NOTE 2: The transmitter shall be set to output power level that is 4dB below supported maximum output power.


2.2.5 Section 7.5 Adjacent Channel Selectivity (ACS)
The adjacent channel selectivity requirement should be defined following the same principles as used in WCDMA using 5MHz LTE carrier as interfering technology. ACS performance of LTE UE should be equal to WCDMA UE up to 10MHz bandwidth, but in order to avoid very stringent selectivity requirements for 15 and 20MHz UEs the ACS requirement should be relaxed. For 15MHz option 3dB and for 20MHz option 6dB relaxation is proposed. ACS requirement should be defined for low SNR reference channel only.
The UE should fulfill the specified THROUGHTPUT requirement for low SNR reference channel for all values of an adjacent channel interferer up to –25 dBm. The requirement should be set for 1RX but with both receivers configured performance should not be any worse.
	 
	BW (MHz)

	ACS
	Unit
	[1.4]
	[1.8]
	5
	10
	15
	20

	All bands
	dBm
	33.0
	33.0
	33.0
	33.0
	30.0
	27.0

	NOTE 1: The values are applicable for one receiver chain only. When two receive chains are used the performance shall not be any worse.


The performance should be verified with two different cases as in WCDMA today.
	Case 1
	BW (MHz)

	Signal powers
	Unit
	[1.4]
	[1.8]
	5
	10
	15
	20

	Own
(For Band I)
	
	REFSENS
+14dB
	REFSENS
+14dB
	REFSENS
+14dB
	REFSENS
+14dB
	REFSENS
+14dB
	REFSENS
+14dB

	
	dBm
	-88.5
	-87.2
	-82.3
	-79.3
	-77.5
	-76.2

	Adjacent 5MHz LTE
	dBm
	-57.5
	-56.2
	-51.3
	-48.3
	-49.5
	-51.2

	NOTE 1: The values are applicable for one receiver chain only. When two receive chains are used the performance shall not be any worse.
NOTE 2: The transmitter shall be set to output power level that is 4dB below supported maximum output power.


The case 1 for 5, 10, 15 and 20MHz band width options is also shown in figure below:
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Figure 3. ACS requirement, case 1
	Case 2
	BW (MHz)

	Signal powers
	Unit
	[1.4]
	[1.8]
	5
	10
	15
	20

	Own
(For Band I)
	 
	 
	 
	 
	 
	 
	 

	
	dBm
	-56.0
	-56.0
	-56.0
	-56.0
	-53.0
	-50.0

	Adjacent 5MHz LTE
	dBm
	-25.0
	-25.0
	-25.0
	-25.0
	-25.0
	-25.0

	NOTE 1: The values are applicable for one receiver chain only. When two receive chains are used the performance shall not be any worse.
NOTE 2: The transmitter shall be set to output power level that is 4dB below supported maximum output power.


Additional ACS requirement could be defined using narrow bandwidth interfering technology for bands where co-existence with narrow band technologies is required. Another way of addressing this issue would be to define narrow band blocking requirement as done in WCDMA. In narrow band ACS requirement CW signal should be used as interfering technology and the interfering signal should be placed 200 to 300kHz away from edge of the channel.

The UE should fulfill the specified THROUGHTPUT requirement for low SNR reference channel in presence of CW adjacent channel signal. The power levels of adjacent channel CW signal, own signal and corresponding ACS are given in tables below. The narrow band requirements should also be set for 1RX but with both receivers configured performance should not be any worse.

	 
	BW (MHz)

	ACS
	Unit
	[1.4]
	[1.8]
	5
	10
	15
	20

	All bands
	dBm
	30.0
	30.0
	30.0
	30.0
	27.0
	24.0

	NOTE 1: The values are applicable for one receiver chain only. When two receive chains are used the performance shall not be any worse.

	
	BW (MHz)

	Signal powers
	Unit
	[1.4]
	[1.8]
	5
	10
	15
	20

	Own
(For Band I)
	dBm
	REFSENS

+14dB
	REFSENS

+14dB
	REFSENS

+14dB
	REFSENS

+14dB
	REFSENS

+14dB
	REFSENS

+14dB

	
	dBm
	-88.5
	-87.2
	-82.3
	-79.3
	-77.5
	-76.2

	Adjacent WCDMA
	dBm
	-60.5
	-59.2
	-54.3
	-51.3
	-52.5
	-54.2

	NOTE 1: The values are applicable for one receiver chain only. When two receive chains are used the performance shall not be any worse.
NOTE 2: The transmitter shall be set to output power level that is 4dB below supported maximum output power.


2.2.6  Section 7.6 Blocking characteristics
2.2.6.1 In-band blocking
The in-band blocking requirement should be defined following the same principles as used in WCDMA using 5MHz LTE carrier as interfering technology. The in-band-blocking requirement should be defined for low SNR reference channel only.

The UE should fulfill the specified THROUGHTPUT requirement for low SNR reference channel at level of 3dB above sensitivity level in presence of 5MHz LTE blockers at offsets of 10 and 15MHz. The blocking signal levels of -56dBm and -44dBm should be used as working assumptions. The requirement should be set for 1RX but with both receivers configured performance should not be any worse.
2.2.6.2 Out-of-band blocking
The out-of-band blocking requirement should be defined following the same principles as in WCDMA using CW carrier as interferer. The in-band-blocking requirement should be defined for low SNR reference channel only. Spurious response requirement should be defined for blocker frequencies where minimum requirement cannot be met.
The UE should fulfill the specified THROUGHTPUT requirement for low SNR reference channel at level of 3dB above sensitivity level in presence of CW blockers at offsets and levels equal to WCDMA UE in 25.101. The requirement should be set for 1RX but with both receivers configured performance should not be any worse.
2.2.6.3 Narrow-band blocking
The narrow-band blocking requirement should be defined following the same principles as in WCDMA using a CW signal as interferer. If narrow band ACS requirement is defined there’s no need to define narrow band blocking requirements as they would be redundant. The requirement should be set for 1RX but with both receivers configured performance should not be any worse.

2.2.7 Section 7.7 Spurious response
The spurious response requirement should be defined following the same principles as in WCDMA using CW carrier as interfering technology. The requirement should be set for 1RX but with both receivers configured performance should not be any worse.

2.2.8 Section 7.8 Intermodulation characteristics
2.2.8.1 Wide-band intermodulation

The intermodulation requirement should be defined following the same principles as in WCDMA using 5MHz LTE carrier and CW signal as interferer. The wide-band intermodulation requirement should be defined for low SNR reference channel only.
The UE should fulfill the specified THROUGHTPUT requirement for low SNR reference channel at level of 3dB above sensitivity level in presence of two interfering signals producing an IMD3 product that falls on top of the received signal. The IMD signal levels of -46dBm for modulated 5MHz LTE carrier and -46dBm for CW signal should be used as working assumptions. The requirement should be set for 1RX but with both receivers configured performance should not be any worse.
2.2.8.2 Narrow-band intermodulation

The narrow-band intermodulation requirement could be defined following the same principles as in WCDMA using CW signals as interferer. However as narrow band-width IMD product falling on top of the received signal will only degrade the performance of few sub-carriers the impacts on throughput will be very limited. Using GMSK modulated signal as interferes would not make significant difference. Therefore it’s proposed that narrow band intermodulation would actually be another wide band intermodulation test case where interfering signals are placed close to received signal.
The UE should fulfill the specified THROUGHTPUT requirement for low SNR reference channel at level of 10dB above sensitivity level in presence of two interfering signals producing an IMD3 product that falls on top of the received signal. The IMD signal levels of -44dBm for modulated 5MHz LTE carrier and -44dBm for CW signal should be used as working assumptions. The location of the interferers requires further study. The requirement should be set for 1RX but with both receivers configured performance should not be any worse.
2.2.9 Section 7.9 Spurious emissions

In existing WCDMA specifications there’s redundancy between the receiver and transmitter spurious emission requirements. It should be studied if single set of protection values could be used that are applicable when receiver, transmitter or both of them are active.
2.3 Data for TX

In all of the receiver requirements the UE is assumed to have transmitter active and transmitting with fairly high output power level. If throughput is used as performance metric it’s no longer mandatory to loop back exactly same bits that are received by the UE since throughput can be calculated by the system simulator based on ACK/NACK transmissions. BER/BLER calculation in system simulator would therefore be no longer needed. However, there’s still a need to get data for transmitter and there few options are seen. 1.) Similar kind of loop back as used in existing cellular systems when UE is in test mode. 2.) Random data generator that is implemented inside the UE base-band circuitry that is used only in the test modes.
3 Conclusions

This contribution discusses RF performance requirements for LTE UE receiver. It’s proposed that:

· Throughput without HARQ is used as performance metric

· Low and high SNR down link reference channels are used when requirements are defined

· 5MHz full band width LTE carrier and CW signals are used as interferers when needed

· Working assumptions for several RF requirements is proposed

· Further work needed to understand what kind of narrow band IMD requirement is needed if any
4 References
[1] R4-070301, UE ACS definition for LTE, Ericsson
[2] 3GPP TS 25.101 User Equipment (UE) radio transmission and reception (FDD), Release 7

[3] R4-070350, UE receiver performance requirements, Nokia

[4] 3GPP TS 45.004: "Modulation".














































3GPP


