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1 Introduction
The LTE specification for UE Radio Transmission and Reception is expected to follow the general methodology in 3GPP TS25.101 as closely as possible except where variations are warranted.  This document will discuss and provide recommendations for some of Receiver Characteristics for the LTE UE, covering the topics as described in section 7 of TR38.803 [4]. Decisions in these areas will allow work to progress to other parts of the specification. 
A text proposal for TR36.803 is provided for discussion and approval
2 TS36.803 Performance requirements

In this section we will follow the same template as those contained in TS36.803 in order to structure the discussion on the issues related to each sub-clause so as to provide a proposal for the associated sections 
2.1 General requirement

For this section we need to indicate a reference antenna gain of 0dBi is assumed for each antenna port(s). Unlike section 7 of TS25.101 we do not need to state the signals applied to each antenna port should be uncorrelated.  Note for the demodulation performance requirements we can specify the appropriate correlation matrix.
2.2 Diversity characteristics

For this section we can state the baseline UE assumption for LTE performance specification and assessment has been two receive antennas and a single transmit antenna, and this is an appropriate configuration on which to base an initial performance specification. 

We should also indicate that the current LTE specifications supports up to 4 MIMO streams on the downlink, and so – in order to fully define the potential for LTE – the capability of devices to potentially support such a MIMO configuration should be recognised from the outset in terms of performance requirements. 
2.3 Sensitivity

In this section we list the issues that are used to define the proposal for the Rx sensitivity requirements outlined in Section 3. 

2.3.1 NF
Reference sensitivity requirements are expected to utilize the same assumptions for NF of 9dB as used for UMTS.  This proposal is inline with [1] 

2.3.2 Implementation marginThe baseline requirements are set for 2 Rx port operation and hence implementation margin should be agreed for each port and for the combined gain due to two port operation.

It is recommended that the baseband implementation margin for QPSK R=1/3 should be [2] dB and this is aligning with UMTS reference sensitivity for 12.2kbps.  For the high SNR 64QAM R=3/4 channel, it is anticipated that transmitter and receiver EVM will be a more significant factor, therefore it is recommended that the implementation margin for 64QAM R=3/4 should be [3-5] dB. 
With both receivers configured and simultaneous 2 port testing the performance should be 2dB (assuming 1dB combining loss) better relative to single port operation for both the QPSK and 64QAM measurement channel. This proposal is inline with [1]

2.3.3 RB allocation Sensitivity levels are expected to be a direct function of the allocated resource block (RB) bandwidth, according to:
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Where Nallocated_RB is the number of allocated resource blocks.

In this case sensitivity can be defined for specific sets of RB(s) in terms of <REFSEN> or if all the RB(s) are specified we could define this in terms of the total receive power similar to the terms <REFÎor> used in WCDMA.The performance of the LTE downlink is not expected to be inherently Resource Block (RB) dependent under AWGN conditions. It is also expected that due to coding of the downlink signal that the data will be spread across the allocated RB’s hence we see a number of benefits of defining the sensitivity requirement in terms similar to <REFÎor> i.e. for the full RB allocation for the following reasons;

· Using this full RB allocation would simplify the blocker performance requirements otherwise we would need to define the blocker performance based on the allocated RB(s) and position of the RB(s) relative to the interferer in terms of a frequency offset. This becomes a bigger problem when we have to consider the different bandwidth options and asymmetrical channel deployment.
· Blocker performance in terms of full RB allocation would now account for flexible allocation of control and data RB since this scenario of localized and distributed allocation would be automatically addressed.
· Possible impact of frequency hopping (still under discussion in RAN1)on resource symbols could be accounted for if this has an impact on sensitivity  
· If needed it is possible to define a simple scaling if sensitivity <REFSEN> is needed for different RB allocations
Therefore it is recommended that all tests be performed under full RB allocation for the applicable bandwidth and similar to that proposed in [1].  
2.3.4 UE capabilityIn the case a UE cannot support the full RB allocation for the applicable channel bandwidth (particular for the higher bandwidth options due to the higher peak data rate and associated soft buffer size) it is proposed to define the performance based on an RB allocation consistent with the minimum UE capability.   The power of signal must be defined on a per RB basis such that the individual RB power level is the same no matter what the RB allocation.
Option A:

For a given modulation and coding format, there is a direct relationship between the information block size and the number of allocated RB’s. 
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Where M is the modulation index (M=2 for QPSK, M=6 for 64QAM), Renc is the coding rate, and NRB is the number of resource blocks. Therefore the total throughput for the full RB allocation for the applicable channel bandwidth can be calculated as the sum of throughput for each individual RB allocation for all RB locations across the band as shown in the figure 2.3.4 below. 
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Option B:

In this case the performance is an average of this maximum RB allocation across all the RB locations as shown in the figure below. The average throughput can be calculated according to the formula:


[image: image4.wmf]Total

N

i

Ri

AVG

N

Throughput

Throughput

R

å

=

=

0


Where NTotal is the total number of RB’s for the applicable bandwidth and NR is the ratio of NTotal to the maximum RB allocation capability of the UE.   Ideally the maximum RB allocation capability of the UE will be defined such that NR is an integer number.  In the case that NR is not an integer number, a measurement of smaller RB allocation would be required such that the total RB’s for the applicable channel bandwidth are measured.  
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Figure 2.3.4 Rx sensitivity measurement due to UE capability

2.3.5 Performance criteria In REL99 WCDMA all the RF performance criteria were defined at the UE antenna port in terms of a  Bit Error Ratio (BER)  based on the availability of a common 12.2 kbps UL/DL channel and a loop back test configuration.  

In the case of REL5 HSDPA the RF performance for maximum input level was specified in terms of a minimum throughput requirements where the throughput R received by the UE was defined by counting the number of Nack, Ack and impact due to statDTX on the UL HS-DPCCH (Throughput = block size*number of blocks acknowledged/time). 
For LTE it is proposed that all the Rx RF performance criteria for conducted RF performance tests should be based on meeting a minimum throughput requirement assessed via the Nack/ Ack return channel similar to HSDPA.  This has the following benefits;
· Performance could be based on normal UE operation in providing Nack, Ack information to determine the UE throughput 

· Ability to support an asymmetrical UL/DL data rate 

· The need for a loop back test configuration  is minimized and hence a special UE test configuration

· Alignment of the conducted tests with the demodulation test which is expected to be based on a throughput criteria similar to HSDPA 

It is expected that receiver sensitivity will be defined as X throughput must be achieved at Y dBm input signal power. Requirements should be defined for both the low SNR reference channel (QPSK R=1/3) and for the high SNR reference channel (64QAM R=3/4).  This proposal is inline with [1]

In the case where a UE cannot support the full RB allocation for the applicable channel bandwidth (particularly for the higher bandwidth options due to the peak data rate and associated soft buffer size) the average value throughput value Rav can be used to define the <REFÎor> or equivalent terms as mentioned previously.
2.3.6 Channel bandwidthThe 5MHz channel bandwidth has been taken as the default by 3GPP working groups. However, due to special hardware limitations such as filters and data converters for wide channel bandwidths, it is recommended that receiver performance requirements also be written for other channel bandwidth for each operating band
In order to progress the work further in terms of supported bandwidth feedback from operators would be useful some bandwidth options can be excluded. For example do we need to specify bandwidth options < 5 MHz for operating bands above 1 GHz?
2.3.7 Impact of Tx power Similar to WCDMA the reference sensitivity should be specified at maximum transmit power for the specified operating bandwidth. For some bandwidths depending on the operating band it is expected there will be a trade-off between transmit power and sensitivity and it is proposed this is addressed in terms of an allowed maximum sensitivity reduction (MSR) for these bands and channel bandwidth only.
2.3.8 Maximum sensitivity reduction (MSR)For some operating bands, it is anticipated that the transmitter noise falling in the receive band will be dependent on the channel bandwidth [3] and will degrade the sensitivity depending on the operating bandwidth, Tx power and FDD or TDD operation configured by the scheduler.  Preliminary analyses in [3] for the different operating bands lead to the following conclusions as show in following table 2.3.7
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Table 2.3.7

To allow a higher TX bandwidth a number of options we proposed in [3] and we propose this aspect could be handled by a Maximum Sensitivity Reduction [MSR] to allow a higher operating Tx band than shown in table 2.3.7. For example Band II operation (currently limited to 10 MHz as shown in table 2.3.7) we could allow TX operation for 15MHz and 20 MHz by allowing a MSR for <REFÎor> and verified in terms of throughput R MSR.   However this aspect would need to be re-assessed in terms of UE capability since this above interference mechanism assumes full RB allocation in both the UL and DL and a common definition for Rx sensitivity. So at present we propose a place holder for this issue and this would be FFS once a working assumption has been agreed in related areas. .
2.3.9 LTE reference measurement channelIn WCDMA a measurement channel for 12.2kbps was used to derive the RF performance requirements as this measurement channel was supported by any UE in both the up and downlink path. For LTE a similar set of reference channels specific to LTE will need to be defined called L-SETi-n taking into account the LTE UE capability requirements. In [1] it was recommended that a low SNR (low order modulation coding scheme) signal and a high SNR (high order modulation coding scheme) signal be defined for the downlink reference channels.  We support this recommendation with the expectation that the low SNR case be defined to represent the lowest modulation and coding rate (QPSK R=1/3) while the high SNR case could be defined for the highest coding rate 64QAM (R=3/4) case. The high coding rate case will also test the EVM performance of the receiver, and guarantee that the highest possible throughput can be supported. Here it is assumed all LTE terminals will support 64QAM on the DL in line with the eNodeB requirements. 
Therefore unless otherwise stated, the requirements in this section are performed without H-ARQ with fixed power RB allocation.  
2.3.10 Performance test methodologyThe requirements in [TR25.912] and [TR25.913] are based on a dual port Rx UE configuration. Hence it is proposed that the RF Basic RF architecture assumed for conducted RF performance tests should be based on simultaneous testing of both port(s) for the conducted measurements.  The test methodology would also be inline with [TR25.912] and [TR25.913] which assumes a dual port Rx UE configuration
For the conducted RF the same test vector can be applied to both test ports. Testing of both ports simultaneously is already undertaken in RAN5 (TS34.121) for the type 1 receiver in WCDMA for the demodulation tests.  Simultaneous testing of both ports would also reduce the test time needed for separate port testing [1] and would allow vendors to optimize the performance on each Rx port as long as they meet the requirements. 
Requirement taking into account the radiated performance are not addressed in this document and can be decoupled from the conducted performance requirements to take into account implementation aspects associated with radiated performance.  

2.4 Maximum input level

It is recommended that the maximum input signal level remain at -25dBm to be consistent with UMTS. Defining different maximum input levels based on channel bandwidth or modulation format, is not expected to provide significant benefit or differentiation between levels.  Therefore, it is recommended that testing be performed with just the 64QAM R=3/4 reference signal as that will be the most difficult to meet.  It is also recommended that testing be performed with full RB allocation for both the 5MHz channel bandwidth and the maximum channel bandwidth for each operating band.  The maximum input level should be defined similar to sensitivity, with a threshold defined for the throughput that must be achieved at the maximum input level.
3 Text proposal for T36.803
It is proposed that the contents of this section are incorporated to TR36.803 [] to establish an initial framework and some general principles. This should provide some focus on each of the areas identified and enable further progress during forthcoming meetings.

---------------- Text proposal -------------------------------
7
Receiver characteristics

7.1
General

 Unless otherwise stated the receiver characteristics are specified at the antenna connector of the UE. For UE(s) with an integral antenna only, a reference antenna with a gain of 0 dBi is assumed for each antenna port(s). UE with an integral antenna may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna. The levels of the test signal applied to each of the antenna connectors shall be as defined in the respective sections below
All the parameters in clause 7 are defined using the DL reference measurement channel specified in [] and fixed power allocation for the RB(s)
7.2
Diversity characteristics

 The requirements in Section 7 assume that the receiver is equipped with two Rx port as a baseline. Requirements for 4 ports are FFS
7.3
Reference sensitivity level


Reference sensitivity level <REFÎor> is the minimum mean power applied to both the UE antenna ports for which the mean throughput Rav shall exceed the value measured over all the
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 sub-carriers in the frequency domain for the specified channel bandwidth as specified below in Table 7.x and Table 7.y. 
 For UE(s) which support a maximum sub-set of 
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 sub-carriers (as defined in terms of UE capability) then Rav should be the average measured across the full number of 
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 specified for that bandwidth as indicated in the tables below.  
In the case of FDD the reference sensitivity level is also defined at the maximum output power for the transmitter.
Table 7.x: Test parameters for reference sensitivity QPSK(R1/3)
	Band
	Parameter
	Channel bandwidth

	
	Channel BW (MHz )
	[1.25/1.6]
	[  ]
	[5.0]
	[10.0]
	[15.0]
	[20.0]
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Table 7.y: Test parameters for reference sensitivity 64QAM (R3/4)
	Band
	Parameter
	Channel bandwidth

	
	MHz 
	[1.25/1.6]
	[2.5]
	[5.0]
	[10.0]
	[15.0]
	[20.0]

	
	dBm/RB
	kbps
	Reference sensitivity level <REFÎor>  and mean throughput Rav

	I
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[Note if min UE capability supports   [25] RB then the average of [4] separate R measurements taken over the full [100] RB locations for the 20MHz bandwidth case]

7.3.1
Maximum Sensitivity Reduction (MSR)
For some operating bands, it is anticipated that the transmitter noise falling in the receive band will be dependant on the channel bandwidth and will degrade the reference sensitivity depending on the operating bandwidth, Tx power and FDD or TDD operation configured by the scheduler. This section is for FFS
7.4
Maximum input level


This is defined as the maximum mean power received at the UE antenna ports, at which the specified throughput shall be met.  Using the 64QAM R3/4 reference channel as specified in subclause AX.X, the throughput Rav shall meet or exceed the values specified in Table 7.3. 
Table 7.3: Maximum input level
	Parameter
	Unit
	Level
	Throughput Ra

	Îor
	dBm/Channel bandwidth
	-25
	[]


------------------- End of text proposal ----------------------------------------------
7.5
Adjacent Channel Selectivity (ACS)
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