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1. Introduction
In the following paper R&S investigated the necessity of loop back in RF tests and came to the conclusion, that loop back is not necessary in LTE RF tests.
2. Loop back:  WCDMA versus LTE
Loop back in WCDMA has two purposes:

1. The DL signal is looped back to the SS, such that the SS has access to the UE’s demodulation results.
       Is used for BER and BLER tests in RX and Performance tests

2. The DL signal is looped back in order to fill the UL with data. 
      This is employed for TX tests.

The situation is different in LTE.

1. RX and Performance tests are throughput tests and evaluated by ACK/NACK counting.  The SS need not to know the demodulated bits.
2. The uplink can be filled with data by other means.
3. Filling the UL with data

Currently the loop back is employed in many RF tests. [Annex 1] This loop back fills the RLC buffer with data. This is the only effect of the loop back. In contrast to WCDMA, this is not prerequisite to fill the UL with Data.

In WCDMA/E-DCH the UE receives a grant. This grant is an upper limit for Blocksize/Modulation /Coding. If the UE has nothing in the RLC buffer, it can decide to send nothing. This situation is not acceptable for testing.
In LTE the UE has no such possibility to decide. A UE receives a grant with an UL transport format. This is the obligation to transmit with a fixed Blocksize/Modulation/Coding/RBallocation/Power…  [Annex 5]
If the RLC buffer is filled, it works off the buffer content and indicates a filled buffer in its Buffer Status Report.

If  the RLC buffer is empty, it sends padding bits and indicates an empty buffer in its Buffer Status Report. The padding bits are undefined. [Annex 4]

The subsequent scrambling ensures irregular bit patterns in the UL. 
There is no obligation to the SS to stop scheduling the UE on empty RLC buffer or react otherwise.

4. RMCs

Most of the tests are performed with RMCs in UL and DL.  The DL RMC is generated by the SS.  It is used for well defined RX and performance tests. These tests are evaluated by ACK/NACK counting.
The UL RMC is achieved by correct scheduling of the UE (PDCCH signalling ( RB allocation, modulation, coding) in combination with  DRB setup parameters (( e.g. CH BW)
[Annex 3]
5. Conclusion

There is no need to employ loop back in RF tests (TX, RX, Performance, RRM).

Leaving off the loopback does not generate other necessities.

6. Propoposal
R&S proposes to eliminate loop back from all TX, RX, Performance and RRM tests

R&S does not see reasons or necessities to keep loop back. 

Annexes

Annex 1.  Tests in 36.521-1 and 521-3 currently employing loop back 

36.521-1 Clause 6

· All TX tests employ state 4 (loopback)

Clause 7

· All RX tests, that are elaborated to a high level of completeness, employ state 4

Clause 8

· All performance tests, that are elaborated to a high level of completeness, employ state 4

Clause 9

· state 4 is employed

36521-3 Clause 4

· The idle state tests employ state 2
Clause 5

· The connected state tests employ state 3

Clause 6

· These tests partly employ state 3

Clause 7

· Timing and signalling tests, that are elaborated to a high level of completeness, employ state 4

Clause 8

· UE measurement procedure tests, that are elaborated to a high level of completeness, employ state 4

Clause 9

· Measurement performance tests, that are elaborated to a high level of completeness, employ state 4

Annex 2. Example for a test changing from loopback to no loopback.
6.5.2
Transmit modulation

Transmit modulation defines the modulation quality for expected in-channel RF transmissions from the UE.  This transmit modulation limit is specified in terms of; an Error Vector Magnitude (EVM) for the allocated resources blocks (RB), an I/Q component and an in-band emissions for the non-allocated RB and a spectrum flatness across the subcarriers of allocated resource blocks (RB)..

6.5.2.1

Error Vector Magnitude (EVM)

6.5.2.1.1
Test Purpose

The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the IQ origin offset is removed from the measured waveform.

The purpose of this test is to exercise the UE transmitter to verify its modulation quality in terms of Error Vector Magnitude (EVM). 

The basic EVM measurement interval is one slot.

6.5.2.1.2
Test applicability

This test case applies to all types of E-UTRA UE release 8 and forward.

6.5.2.1.3
Minimum conformance requirements

EVM measurements are evaluated for 10 consecutive uplink sub-frames for the average EVM case,and 60 consecutive subframes for the reference signal EVM case, the different modulations schemes shall not exceed the values specified in Table 6.5.2.1.3-1 for the parameters defined in Table 6.5.2.1.3-2. For EVM evaluation purposes, all PUCCH formats 1, 1a, 1b, 2, 2a and 2b are considered to have the same EVM requirement as QPSK modulated.

Table 6.5.2.1.3-1: Minimum requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK  or BPSK
	%
	17.5
	[17.5]

	16QAM 
	%
	12.5
	[12.5]

	64QAM 
	%
	[tbd]
	[tbd]


Table 6.5.2.1.3-2: Parameters for Error Vector Magnitude

	Parameter
	Unit
	Level

	UE Output Power
	dBm
	( [-40]

	Operating conditions
	
	Normal conditions

	Basic measurement period
	
	slot


The normative reference for this requirement is TS 36.101 [2] clause 6.5.2.1.1.

6.5.2.1.4
Test description

6.5.2.1.4.1

Initial conditions

Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.

The initial test configurations consist of environmental conditions, test frequencies, and channel bandwidths based on E-UTRA bands specified in table 5.4.2.1-1. All of these configurations shall be tested with applicable test parameters for each channel bandwidth, and are shown in table 6.5.2.1.4.1-1. The details of the downlink and uplink reference measurement channels (RMCs) are specified in Annexes A.3 and A.2 respectively. 

Table 6.5.2.1.4.1-1: Test Configuration Table
	Initial Conditions

	Test Environment

(as specified in TS 36.508 [7] subclause 4.1)
	See Table 6.5.1.4.1-1

	Test Frequencies

(as specified in TS36.508 [7] subclause 4.3.1)
	See Table 6.5.1.4.1-1

	Test Channel Bandwidths

(as specified in TS 36.508 [7] subclause 4.3.1)
	See Table 6.5.1.4.1-1

	Test Parameters for Channel Bandwidths

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	Mod’n
	RB allocation
	Mod’n
	RB allocation

	
	
	FDD
	TDD
	
	FDD
	TDD

	1.4MHz
	NA
	 NA
	NA
	QPSK 
	Full
	Full

	1.4MHz
	 NA
	 NA
	 NA
	QPSK 
	1
	1

	1.4MHz
	 NA
	 NA
	 NA
	16QAM 
	Full
	Full

	1.4MHz
	 NA
	 NA
	 NA
	16QAM 
	1
	1

	3MHz
	 NA
	 NA
	 NA
	QPSK 
	Full
	Full

	3MHz
	 NA
	 NA
	 NA
	QPSK 
	4
	4

	3MHz
	 NA
	 NA
	 NA
	16QAM 
	Full
	Full

	3MHz
	 NA
	 NA
	 NA
	16QAM 
	4
	4

	5MHz
	 NA
	 NA
	 NA
	QPSK 
	Full
	Full

	5MHz
	 NA
	 NA
	 NA
	QPSK 
	8
	8

	5MHz
	 NA
	 NA
	 NA
	16QAM 
	Full
	Full

	5MHz
	 NA
	 NA
	 NA
	16QAM 
	8
	8

	10MHz
	 NA
	 NA
	 NA
	QPSK 
	Full
	Full

	10MHz
	 NA
	 NA
	 NA
	QPSK 
	12
	12

	10MHz
	 NA
	 NA
	 NA
	16QAM 
	Full
	Full

	10MHz
	 NA
	 NA
	 NA
	16QAM 
	12
	12

	15MHz
	 NA
	 NA
	 NA
	QPSK 
	Full
	Full

	15MHz
	 NA
	 NA
	 NA
	QPSK 
	16
	16

	15MHz
	 NA
	 NA
	 NA
	16QAM 
	Full
	Full

	15MHz
	 NA
	 NA
	 NA
	16QAM 
	16
	16

	20MHz
	 NA
	 NA
	 NA
	QPSK 
	Full
	Full

	20MHz
	 NA
	 NA
	 NA
	QPSK 
	18
	18

	20MHz
	 NA
	 NA
	 NA
	16QAM 
	Full
	Full

	20MHz
	 NA
	 NA
	NA
	16QAM 
	18
	18

	Note 1. Test Channel Bandwidths are checked separately for each E-UTRA band, which applicable channel bandwidths are specified in Table 5.4.2.1-1.
Note 2.  For partial RB allocation, the starting resource block shall be RB #0 and RB #max of the channel bandwidth.


Note : Reference measurement channel for PUCCH is not defined yet.

1.
Connect the SS to the UE to the UE antenna connectors as shown in TS 36.508 [7] Annex A, Figure A1.

2.
The parameter settings for the cell are set up according to TS 36.508[7] subclause 4.4.3.

3.
Downlink signals are initially set up according to Annex C.3.0.

5.
Propagation conditions are set according to Annex B.0
6.
Ensure the UE is in State 3a according to TS 36.508 [7] The signalling parameters into state 3a are specific for the RMCs employed in table 6.5.2.1.4.1-1  (e.g. Ch BW)  
6.5.2.1.4.2

Test procedure
       1.     The SS sends UL grants on each TTI (on DCI 0, PDCCH, addressed on C_RNTI)

The UL Grant parameters define

· The allocated RBs

· Modulation

· Coding rate

[CQI request bit =0]
according to table 6.5.2.1.4.1-1 
This ensures that the UE sends MAC padding bits.
2.  The SS acknowledges with ACK 
3.   The TPC in UL grant controls the UE power to max power.
4.  Measure the EVM using Global In-Channel Tx-Test (Annex E).
5.  TheTPC in UL grant controls the UE power to power = [–38]dBm, with [±2dB] tolerance.
6.  Measure the EVM using Global In-Channel Tx-Test (Annex E).
6.5.2.1.4.3
Message contents

Message contents are according to TS 36.508 [7] subclause 4.6.

6.5.2.1.5
Test requirement
The EVM derived in E.4.2 shall not exceed 17,5 % +TT for QPSK and BPSK, 12,5% +TT for 16 QAM and  [tbd] % for 64 QAM.
The 
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 derived in E.4.2 shall not exceed [17,5 %] +TT when embeded with data symbols of  QPSK and  BPSK,  [12,5%] +TT  for 16 QAM and  [tbd] % for 64 QAM.
Annex 3.   Implementation  of UL RMCs by UL grants.
The highlighted rows in the UL Grant IE perform allocation and power settings.
Other parameters of the RMCs are contained in the signalling sequence to state 3a (e.g. CH BW)

Scheduling by UL-Grant is necessary with or without loopback
	1 Bit
	Format flag
	0b 0: DCI Format 0 for UL-Grant

	1 Bits
	Hopping flag
	0b 0: No PUSCH hopping

	n Bits
	RB assignment & Hopping resource allocation
	RIV according to the allocated RB-s

	5 Bits
	MCS & Redundancy version
	Imcs according to modulation & coding rate

	1 Bit
	New data indicator
	To be defined

	2 Bits
	TPC for scheduled PUSCH
	Accumulated TPC according to power control 

	3 Bits
	Cyclic shift for DRS for MU-MIMO
	NA (No MIMO)

	2 Bits
	UL index (SF index) (only TDD conf. 0)
	NA (No TDD Configuration 0)

	2 Bits
	DAI (only TDD conf. 1-6)
	To be defined

	1 Bit
	CQI Request
	0b 0 No aperiodic CQI

	x Bits
	Padding
	Padding bits to achieve the DCI 1A Size


Annex 4.   Filling the UL with data

Quotations and highlights from 36.321, illustrating the generation of padding bits for UL-SCH by UE-MAC, upon reception of (a not requested) UL-Grant and no data available to be sent (empty buffer)  

36.321:5.4.2.1: HARQ entity

…

For each TTI, the HARQ entity shall:

-
identify the HARQ process associated with this TTI;

-
if an uplink grant has been indicated for this TTI:

-
if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this HARQ process; or

-
if this is the very first transmission for this HARQ process (i.e. , no previous NDI is available); or

-
if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or

-
if the uplink grant was received in a Random Access Response:

-
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

-
obtain the MAC PDU to transmit from the Msg3 buffer.

-
else:

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

-
deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;

-
instruct the identified HARQ process to trigger a new transmission.

-
else:

-
deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process;

-
instruct the identified HARQ process to generate an adaptive retransmission.

-
else, if the HARQ buffer of the HARQ process corresponding to this TTI is not empty:

-
instruct the identified HARQ process to generate a non-adaptive retransmission.

36.321:5.4.3.1: Logical channel prioritization 

…

For the Logical Channel Prioritization procedure, the UE shall take into account the following relative priority in decreasing order:
-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for BSR, with exception of BSR included for padding;
-
MAC control element for PHR;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for BSR included for padding.
36.321:6.1.2: MAC PDU (DL-SCH and UL-SCH except transparent MAC and Random Access Response)

…

A MAC PDU header consists of one or more MAC PDU subheaders; each subheader corresponds to either a MAC SDU, a MAC control element or padding. 

A MAC PDU subheader consists of the six header fields R/R/E/LCID/F/L but for the last subheader in the MAC PDU and for fixed sized MAC control elements. The last subheader in the MAC PDU and subheaders for fixed sized MAC control elements consist solely of the four header fields R/R/E/LCID. A MAC PDU subheader corresponding to padding consists of the four header fields R/R/E/LCID.
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Figure 6.1.2-1: R/R/E/LCID/F/L MAC subheader
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Figure 6.1.2-2: R/R/E/LCID MAC subheader
36.321:6.2.1: MAC header for DL-SCH and UL-SCH

…

The MAC header is of variable size and consists of the following fields:

-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element or padding as described in tables 6.2.1-1 and 6.2.1-2 for the DL and UL-SCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding included in the MAC PDU. In addition to that, one or two additional LCID fields are included in the MAC PDU, when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU. The LCID field size is 5 bits;

-
L: The Length field indicates the length of the corresponding MAC SDU or MAC control element in bytes. There is one L field per MAC PDU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the L field is indicated by the F field;

-
F: The Format field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F field per MAC PDU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the F field is 1 bit. If the size of the MAC SDU or MAC control element is less than 128 bytes, the UE shall set the value of the F field to 0, otherwise the UE shall set it to 1;

-
E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to "1" to indicate another set of at least R/R/E/LCID fields. The E field is set to "0" to indicate that either a MAC SDU, a MAC control element or padding starts at the next byte;
-
R: Reserved bit, set to "0".

The MAC header and subheaders are octet aligned.

Table 6.2.1-1 Values of LCID for DL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11011
	Reserved

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding


Table 6.2.1-2 Values of LCID for UL-SCH
	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11001
	Reserved

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


Annex 5. Transport format selection (Location of the decision)

The following quotation from 36.321 shows that the transport format for UL and DL is decided in eNB only
[image: image4.png]Table-4.4-1-MAC-functi

ink-direction-association.

- MACfunctions UEa  eNBs Downiinka  Uplinke
=Mapping between iogical thanmels-and ransportchanrelss — Xe  x X X
5 e X X
=Multiplexing: X m « X
5 e X w
=Demuttiplexing: PO X B
5 e « X
=Error-correction through HARQ X m X X
B e X X
=Transport Format Selections B X X X
=Friority handiing between UEs= B X X X
«Friority handing betwsen iogical channsls of one-UE= B X X X
=Logical-Channel proritisation= X = X

=Scheduling information repartings: Xaoom H s

cmmuTEooooona




�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.   Use the format of document number specified by the � HYPERLINK "http://www.3gpp.org/About/WP.htm" ��3GPP Working Procedures�.





_1264543208.vsd
LCID


R


R/R/E/LCID sub-header


R


E


Oct 1



_1298092892.unknown

_1264542979.vsd
LCID


R


F


L


R/R/E/LCID/F/L sub-header with 7-bits L field


R/R/E/LCID/F/L sub-header with 15-bits L field


R


E


LCID


R


F


L


R


E


L


Oct 1


Oct 2


Oct 1


Oct 2


Oct 3



