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1. Introduction

The MB-MSR conformance testing has been extensively discussed in previous RAN4 meetings. At the RAN4#69 meeting, the test configurations and testing of MB-MSR was concluded for 37 series. Moreover, the inclusion of multi-band testing in single RAT E-UTRA conformance specifications (36- series) was discussed extensively. The contribution in [1] identified the major work needed to accommodate multi-band testing for E-UTRA.
One important aspect discussed in [1], was the need to introduce enhanced support for multi-carrier in terms of structure, terminology and referencing in TS 36.141, as a prerequisite for introducing multi-band support. Furthermore, the test procedures and methods in the current E-UTRA conformance specification also need to be adapted to enable enhanced support for multi-carrier conformance testing as a first step, before the introduction of multi-band testing.

This paper elaborates the proposed modification to the TS 36.141 needed to prepare the specification for the addition of multi-band and to handle future evolution of the E-UTRA conformance test specification. A draft CR is attached to demonstrate the proposed updates.
2. Discussion
The WID for MB-MSR mandates the incorporation of multi-band capabilities for E-UTRA specifications. The contribution in [1] identifies the major work needed to accommodate multi-band testing for E-UTRA. It is noted that the multi-band conformance testing relies heavily on the test procedures and test configurations defined for multicarrier operation. However, the current specification for E-UTRA BS conformance testing provides limited support multi-carrier operation and does not allow the addition of multi-band related requirements. Hence, it is essential that the necessary adaptations/improvements are made to the current E-UTRA specification to enable enhanced support for multicarrier operation in terms of structure, terminology and referencing, as a prerequisite for introducing multi-band support. It is proposed to perform the multi-band related additions in TS 36.141 in two steps, as illustrated in Figure 1.






Figure 1: Method to enable support for multi-band operation in TS 36.141

Step 1) Introduction of enhanced multi-carrier support: This includes updates of existing test configuration descriptions and terminology, along with the corresponding corrections to test procedures, where applicable. Ericsson has prepared a draft CR with the proposed changes, presented in Annex 1. Section 2.1 of this paper provides an explanation of the proposed updates.
Step 2) Introduction of multiband operation: This second step is implemented on top of the solid foundation established in Step 1, resulting in a final CR with both full multi-carrier and multiband support. 
It is to be noted that, once the specification is updated to ensure support for multi-carrier configurations, the addition of multi-band conformance testing shall be relatively straight forward and the changes can be mostly based on the CRs [2] and [3] that were prepared and noted at RAN4#69 meeting. This two-step approach shall ensure that the specification is robust and can handle future evolution of the E-UTRA conformance tests.
2.1 Improvement proposals for TS 36.141:

In general, the multi-carrier improvements to the existing specification are proposed to ensure the following key points:

· Use of coherent terminology and definitions throughout the specification

· Ensure clarity and remove text that can generate ambiguities in the specification

· Introduce consistency in descriptions for test configurations for both contiguous and non-contiguous operation
· Extension of applicability table for test configurations to cover all the test cases 
Considering the present content of TS 36.141, the following major improvements are proposed:

· Introducing the term ‘multi-carrier and/or CA’ instead of ‘non-single carrier’ in sub-clause 4.7 to ensure clarity and avoid confusion.
· Updates in sub-clause 4.10 to describe all test configurations needed. All TCs are described in the same way with an acronym ETCx (E-UTRA Text Configuration X) and separate descriptions for ETCx generation and ETCx power allocation. This shall enable easy referencing to the applicability table in sub-clause 4.11. It is proposed that the test configurations are now called:

· ETC1: Contiguous spectrum operation

· ETC2: Contiguous CA occupied bandwidth
· ETC3: Non-contiguous spectrum operation
Note that in Step 2 when introducing multi-band related changes, two more test configurations ETC4 and ETC5 would be added in 4.10 (multiband with full allocation and high PSD respectively)
· Addition of a new sub-clause (4.11) to cover the applicability of test configurations (similar to clause 5 of TS 37.141) and extension of applicability tables for test configurations to ensure that:
· There is one table for BS capable of only contiguous spectrum operation and one table for BS capable of both C and NC operation

· All scenarios are covered; not only the very special case of contiguous and non-contiguous spectrum operation where parameters are declared identical, as previously.

· All requirements are covered; even if a single carrier (no multi-carrier) test configuration is applied. 
Note that in Step 2 when introducing multi-band related changes, another applicability table for multiband shall be added in sub-clause 4.11.

· The acronym  “SC” (Single Carrier) is introduced and used in the applicability table for tests that are always done on a single carrier, even for multicarrier capable BS. It is also clarified in the introduction of 4.11 that SC applies for all tests in case of a single-carrier only BS.

· Improvements in the test cases (clause 6 and clause 7) to update the procedures and methods for each test case to account for multi-carrier operation and different multi-carrier scenarios (wherever applicable). In particular, the following corrections are made:

· Introduction of references to the applicability tables to identify the applicable test configuration(s) and the corresponding power settings.

· Clarification in the RF channels to be tested in terms of carrier positions, clearly identifying the applicability for SC and MC scenario
· Correction of power setting for tests, which include:

· Removal of potentially confusing terms such as “maximum total output power”, and “Pmax” and instead using “manufacturer’s specified maximum output power”.
· Including references to the applicable test configuration ETCx for power settings
2.2 Example of TX and RX updates (sub-clause 6 and 7):
In this section, one transmitter test case (from sub-clause 6) and one receiver test are considered (from sub-clause 7) of the latest version of TS 36.141 Rel-11 V11.7.0 as a reference and illustrate the proposed modifications from the discussion above.
******************Example of a transmitter update ***********************
6.5.2
Error Vector Magnitude

6.5.2.1
Definition and applicability

The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser parameters are estimated as defined in Annex F. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent.

6.5.2.2
Minimum Requirement

The minimum requirement is in TS 36.104 [2] subclause 6.5.2.
6.5.2.3
Test purpose

The test purpose is to verify that the Error Vector Magnitude is within the limit specified by the minimum requirement.

6.5.2.4
Method of test

6.5.2.4.1
Initial conditions

Test environment: 


normal; see Annex D.2.

RF channels to be tested for single carrier: 
B, M and T; see subclause 4.7.
RF bandwidth position to be tested for multi-carrier: 
BRFBW, MRFBW and TRFBW; see subclause 4.7.1.
Connect the signal analyzer to the base station antenna connector as shown in Annex I.1.1.
6.5.2.4.2
Procedure


1)
For a BS declared to be capable of single carrier operation only, set the BS to transmit a signal according to E-TM 3.1 at the manufacturer’s specified maximum output power.
For a BS declared to be capable of multi-carrier operation, set the BS to transmit according to E-TM3.1 on all carriers configured  using the applicable test configuration and corresponding power setting specified in sub-clause 4.10 and 4.11.
2)
Measure the EVM and frequency error as defined in Annex F.

3)
Repeat steps 2 and 3 for E-TM 3.2 , E-TM 3.3 and E-TM 2. For E-TM2 the OFDM symbol power shall be at the lower limit of the dynamic range according to the test procedure in subclause 6.3.2.4.2 and test requirements in subclause 6.3.2.5.
6.5.2.5
Test requirement

The EVM of each E-UTRA carrier for different modulation schemes on PDSCH shall be less than the limits in table 6.5.2.5-1:

 Table 6.5.2.5-1 EVM requirements 

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	18.5 %

	16QAM
	13.5 %

	64QAM
	9 %


The EVM requirement shall be applicable within a time period around the centre of the CP therefore the EVM requirement is tested against the maximum of the RMS average of 10 subframes at the two window W extremities.

Table 6.5.2.5-2 specifies EVM window length (W) for normal CP, the cyclic prefix length 
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 is 160 for symbols 0 and 144 for symbols 1-6.

Table 6.5.2.5-2 EVM window length for normal CP

	Channel
Bandwidth MHz
	FFT size
	Cyclic prefix length for symbols 0 in FFT samples
	Cyclic prefix length  for symbols 1‑6 in FFT samples
	EVM window length W
	Ratio of W to total CP for symbols 1‑6* [%]

	1.4
	128
	10
	9
	5
	55.6

	3
	256
	20
	18
	12
	66.7

	5
	512
	40
	36
	32
	88.9

	10
	1024
	80
	72
	66
	91.7

	15
	1536
	120
	108
	102
	94.4

	20
	2048
	160
	144
	136
	94.4

	* Note: 
These percentages are informative and apply to symbols 1 through 6. Symbol 0 has a longer CP and therefore a lower percentage.


NOTE: 
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined in Annex G. The explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex G.
******************Example of a receiver update ***********************
7.5
Adjacent Channel Selectivity (ACS) and narrow-band blocking

7.5.1
Definition and applicability

Adjacent channel selectivity (ACS) is a measure of the receiver’s ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system. 

The interfering signal shall be an E-UTRA signal as specified in Annex C.

7.5.2
Minimum Requirement

The minimum requirement is in TS 36.104 [2] subclause 7.5.

7.5.3
Test purpose

The test purpose is to verify the ability of the BS receiver filter to suppress interfering signals in the channels adjacent to the wanted channel.

7.5.4
Method of test

7.5.4.1
Initial conditions

Test environment: 


normal; see subclause D.2.

RF channels to be tested for single carrier: 
B, M and T; see subclause 4.7.

RF bandwidth position to be tested for multi-carrier: 
MRFBW, see subclause 4.7.1.

1)
Set-up the measurement system as shown in Annex I.2.4.

7.5.4.2
Procedure for Adjacent Channel Selectivity

1)
Generate the wanted signal using the applicable test configuration specified in subclause 4.10 and 4.11 and adjust the input level to the base station under test to the level specified in Table 7.5-3 for Wide Area BS, in Table7.5-4 for Local Area BS, in Table 7.5-5 for Home BS and in Table 7.5-6 for Medium Range BS.
2)
Set-up the interfering signal at the adjacent channel frequency and adjust the interfering signal level at the base station input to the level defined in Table 7.5-3 for Wide Area BS, in Table7.5-4 for Local Area BS, in Table 7.5-5 for Home BS and in Table 7.5-6 for Medium Range BS.
3)
Measure the throughput according to Annex E, for multi-carrier operation the throughput shall be measured for relevant carriers specified by the test configuration specified in subclause 4.10 and 4.11.
4)
Repeat the test for the port(s), which was terminated.
7.5.4.3
Procedure for narrow-band blocking

1)
 For a FDD BS declared to be capable of single carrier operation only, set the BS to transmit a signal according to E-TM 1.1 at the manufacturer’s specified maximum output power.


For a FDD BS declared to be capable of multi-carrier operation, set the BS to transmit according to E-TM 1.1 on all carriers configured using the applicable test configuration and corresponding power setting specified in sub-clause 4.10 and 4.11.
2)
Generate the wanted signal using the applicable test configuration specified in subclause 4.10 and 4.11and adjust the input level to the base station under test to the level specified in Table 7.5-1.
3)
Adjust the interfering signal level at the base station input to the level defined in Table 7.5-1. Set-up and sweep the interfering RB centre frequency offset to the channel edge of the wanted signal according to Table 7.5-2.
4)
Measure the throughput according to Annex E, for multi-carrier operation the throughput shall be measured for relevant carriers specified by the test configuration specified in subclause 4.10 and 4.11.
5)
Repeat the test for the port(s), which was terminated.

7.5.5
Test Requirements

For each measured E-UTRA carrier, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel.

For Wide Area BS, the wanted and the interfering signal coupled to the BS antenna input are specified in Table 7.5-1 and 7.5-2 for narrowband blocking and 7.5-3 for ACS. The reference measurement channel for the wanted signal is identified in Table 7.2-1 for each channel bandwidth and further specified in Annex A. 

For Medium Range BS, the wanted and the interfering signal coupled to the BS antenna input are specified in Tables 7.5-1 and 7.5-2 for narrowband blocking and in Table 7.5-6 for ACS. The reference measurement channel for the wanted signal is identified in Table 7.2-4 for each channel bandwidth and further specified in Annex A.
For Local Area BS, the wanted and the interfering signal coupled to the BS antenna input are specified in Tables 7.5-1 and 7.5-2 for narrowband blocking and 7.5-4 for ACS. The reference measurement channel for the wanted signal is identified in Table 7.2-2 for each channel bandwidth and further specified in Annex A.
For Home BS, the wanted and the interfering signal coupled to the BS antenna input are specified in Table 7.5-1 and 7.5-2 for narrowband blocking and 7.5-5 for ACS. The reference measurement channel for the wanted signal is identified in Table 7.2-3 for each channel bandwidth and further specified in Annex A.
The ACS and narrowband blocking requirement is always applicable outside the Base Station RF bandwidth edges. The interfering signal offset is defined relative to the lower (upper) edge.

For a BS operating in non-contiguous spectrum, the ACS requirement applies in addition inside any sub-block gap, in case the sub-block gap size is at least as wide as the E-UTRA interfering signal in Tables 7.5-3, 7.5-4 and 7.5-6. The interfering signal offset is defined relative to the sub-block edges inside the sub-block gap.

For a BS operating in non-contiguous spectrum, the narrowband blocking requirement applies in addition inside any sub-block gap, in case the sub-block gap size is at least as wide as the channel bandwidth of the E-UTRA interfering signal in Table 7.5-2. The interfering signal offset is defined relative to the sub-block edges inside the sub-block gap.
Table 7.5-1: Narrowband blocking requirement

	
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Type of interfering signal

	Wide Area BS
	PREFSENS + 6dB*
	-49
	See Table 7.5-2

	Medium Range BS
	PREFSENS + 6dB*
	-44
	See Table 7.5-2

	Local Area BS
	PREFSENS +6dB*
	-41
	See Table 7.5-2

	Home BS
	PREFSENS + 14dB*
	-33
	See Table 7.5-2

	Note*: 
PREFSENS depends on the channel bandwidth as specified in TS 36.104 [2] subclause 7.2.1.


Table 7.5-2: Interfering signal for Narrowband blocking requirement

	E-UTRA

channel BW of the lowest (highest) carrier received [MHz]
	Interfering RB centre frequency offset to  the lower (upper) edge or sub-block edge inside a sub-block gap [kHz]
	Type of interfering signal

	1.4
	±(252.5+m*180),

m=0, 1, 2, 3, 4, 5
	1.4 MHz E-UTRA signal, 1 RB*

	3
	±(247.5+m*180),

m=0, 1, 2, 3, 4, 7, 10, 13
	3 MHz E-UTRA signal, 1 RB*

	5
	±(342.5+m*180),

m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	10
	±(347.5+m*180),

m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	15
	±(352.5+m*180),

m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	20
	±(342.5+m*180),

m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	Note*: 
Interfering signal consisting of one resource block is positioned at the stated offset, the channel bandwidth of the interfering signal is located adjacently to the lower (upper) edge.


Table 7.5-3: Adjacent channel selectivity for Wide Area BS
	E-UTRA

channel bandwidth of the lowest (highest) carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	 Interfering signal centre frequency offset from  the lower (upper) edge or sub-block edge inside a sub-block gap [MHz]
	Type of interfering signal

	1.4
	PREFSENS + 11dB*
	-52
	±0.7025
	1.4MHz E-UTRA signal

	3
	PREFSENS + 8dB*
	-52
	±1.5075
	3MHz E-UTRA signal

	5
	PREFSENS + 6dB*
	-52
	±2.5025
	5MHz E-UTRA signal

	10
	PREFSENS + 6dB*
	-52
	±2.5075
	5MHz E-UTRA signal

	15
	PREFSENS + 6dB*
	-52
	±2.5125
	5MHz E-UTRA signal

	20
	PREFSENS + 6dB*
	-52
	±2.5025
	5MHz E-UTRA signal

	Note*: 
PREFSENS depends on the channel bandwidth as specified in TS 36.104 [2] subclause 7.2.1.


Table 7.5-4: Adjacent channel selectivity for Local Area BS

	E-UTRA

channel bandwidth of the lowest (highest) carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	 Interfering signal centre frequency offset from the lower (upper)  edge or sub-block edge inside a 
sub-block gap [MHz]
	Type of interfering signal

	1.4
	PREFSENS + 11dB*
	-44
	±0.7025
	1.4MHz E-UTRA signal

	3
	PREFSENS + 8dB*
	-44
	±1.5075
	3MHz E-UTRA signal

	5
	PREFSENS + 6dB*
	-44
	±2.5025
	5MHz E-UTRA signal

	10
	PREFSENS + 6dB*
	-44
	±2.5075
	5MHz E-UTRA signal

	15
	PREFSENS + 6dB*
	-44
	±2.5125
	5MHz E-UTRA signal

	20
	PREFSENS + 6dB*
	-44
	±2.5025
	5MHz E-UTRA signal

	Note*: 
PREFSENS depends on the channel bandwidth as specified in TS 36.104 [2] subclause 7.2.1.


Table 7.5-5: Adjacent channel selectivity for Home BS

	E-UTRA

channel bandwidth [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	 Interfering signal centre frequency offset from  the channel edge of the wanted signal [MHz]
	Type of interfering signal

	1.4
	PREFSENS + 27dB*
	-28
	0.7025
	1.4MHz E-UTRA signal

	3
	PREFSENS + 24dB*
	-28
	1.5075
	3MHz E-UTRA signal

	5
	PREFSENS + 22dB*
	-28
	2.5025
	5MHz E-UTRA signal

	10
	PREFSENS + 22dB*
	-28
	2.5075
	5MHz E-UTRA signal

	15
	PREFSENS + 22dB*
	-28
	2.5125
	5MHz E-UTRA signal

	20
	PREFSENS + 22dB*
	-28
	2.5025
	5MHz E-UTRA signal

	Note*: 
PREFSENS depends on the channel bandwidth as specified in TS 36.104 [2] subclause 7.2.1.


Table 7.5-6: Adjacent channel selectivity for Medium Range BS
	E-UTRA

channel bandwidth of the lowest (highest) carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Interfering signal centre frequency offset from  the lower (upper) edge or sub-block edge inside a sub-block gap [MHz]
	Type of interfering signal

	1.4
	PREFSENS + 11dB*
	-47
	±0.7025
	1.4MHz E-UTRA signal

	3
	PREFSENS + 8dB*
	-47
	±1.5075
	3MHz E-UTRA signal

	5
	PREFSENS + 6dB*
	-47
	±2.5025
	5MHz E-UTRA signal

	10
	PREFSENS + 6dB*
	-47
	±2.5075
	5MHz E-UTRA signal

	15
	PREFSENS + 6dB*
	-47
	±2.5125
	5MHz E-UTRA signal

	20
	PREFSENS + 6dB*
	-47
	±2.5025
	5MHz E-UTRA signal

	Note*: 
PREFSENS depends on the channel bandwidth as specified in TS 36.104 [2] subclause 7.2.1.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The relationship between Minimum Requirements and Test Requirements is defined in subclause 4.1 and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex G.

3. Conclusion and proposal 

The incorporation of multi-band capabilities for E-UTRA specification is mandated in the WID for MB-MSR. In this paper, it is noted that the multi-band conformance testing relies heavily on the test procedures and test configurations defined for multicarrier operation. The need to add enhanced support for multi-carrier operation is further motivated before the addition of multi-band conformance testing. To achieve this, a two-step approach is proposed whereby the first step ensures that the TS 36.141 is updated with MC support and ready for the multi-band related additions. The discussion elaborates on the modifications needed in the current specification to add multi-carrier support and exemplifies updates to various sub-clauses of the TS 36.141. Furthermore, modifications to the entire specification (where applicable) are encapsulated in the annex in the form of a pseudo CR. It is proposed that the draft CR should be used as a baseline to produce the final CRs for TS 36.141 that incorporate the multi-band related additions, as a second step.
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