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Introduction
This document initiates the discussion on aspects related to TX conformance testing, TCs and the required declared capabilities.
The following topics are covered:

· CA related BS configurations
· Declared capabilities required for TS 36.104
· TCs and Declared capabilities required for TS 36.141

· Review of MSR CS2 related MC tests and considerations for CA specific tests

· Definition of TCs for CA

RX testing aspects are further discussed in the companion paper [4].
Discussion

Declared capabilities required for TS 36.104

BS configurations within the scope of the 36-series

In RAN4#56 the TP in [3] was agreed which proposed that BS requirements shall be developed for both 50 MHz and 40 MHz aggregated channel BWs for the CA_40 scenario in release-10 timeframe. We discuss in the following how this can be accomplished first for TS 36.104 and then turn towards the related questions for the test spec TS 36.141.
Many of the TX requirements within TS 36.104 shall apply whatever the type of transmitter considered (single carrier or multi-carrier) and for all transmission modes foreseen by the manufacturer's specification. Naturally, this will also apply to transmission modes including aggregated carriers.
The following transmission modes are thus within the scope of REL-10 TS36.104 (these are examples, not excluding further combinations):
1) SC

2) MC, without CA

3) CA with an aggregated channel bandwidth according to a CC combination defined for the UE in TS36.101
4) multiple sets of aggregated carriers in which the aggregated CA bandwidths may or may not overlap
5) aggregated carriers and an additional single carrier (without CA)
6) aggregated carriers and additional multiple carriers (without CA)

7) multiple sets of aggregated carriers and additional single or multiple carriers (without CA)

In this list, transmission of MC and CA can be within a single frequency band or across multiple frequency bands. In the following we will focus on transmission within a single frequency band (Intra-band contiguous carrier aggregation).
An example for mode 3) is a BS supporting intra-band contiguous carrier aggregation configuration CA_40 with a CC combination of 20+20 MHz (40 MHz aggregated channel bandwidth using UE CA bandwidth class CA_40C), or, in future releases, a CC combination of 20 + 10 + 20 MHz (50 MHz aggregated channel bandwidth using UE CA bandwidth class CA_40D, TBD).
An example for mode 4) is a BS supporting intra-band contiguous carrier aggregation configuration CA_40 with a CC combination of 20+10+20 MHz in which overlapping CA with an aggregated channel bandwidth of 30 MHz each is configured for the (20+10), respectively (10+20) CCs (assuming asymmetric CA configurations would be supported by the UE CA bandwidth class CA_40C), as shown here:
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An example for mode 5) is a BS supporting CA_40 with a carrier combination of 20 + 20 + 10 MHz in which CA with an aggregated channel bandwidth of 40 MHz each is configured for (20+20) CCs plus one additional 10 MHz carrier (without CA):
As can be seen from this list, there is a large set of possible BS transmission modes and is desirable that the RF requirements in TS36.104 are written in a generic manner without explicit reference to any particular carrier configuration, maximum aggregated channel bandwidth or specific CA configurations. This is possible as the receiver and transmitter RF requirements, such as UEM, ACLR apply from below/above the frequency reference point defined by offset Foffset from the carrier centre frequency of the lowest/highest carriers received/transmitted, hence hiding the particular carrier configuration. 
It shall be noted, that this principle has been used so far in UTRA, E-UTRA and also MSR in which no specific carrier configuration or upper bound for the RF transmission bandwidth has been set within the specifications. Hence it is proposed that unless stated otherwise, the requirements in TS36.104 shall apply for any CA CC combination supported by the BS, regardless of the specific aggregated channel bandwidth or transmission modes as listed above.
Regarding Carrier aggregation configurations, TR 36.808 [2] states:

A Carrier aggregation configuration is defined as a set of one or more operating bands across which the BS aggregates carriers with a specific set of technical requirements. (…) 
The supported carrier aggregation configuration(s) and the maximum bandwidth supported by the BS in which multiple carriers can be aggregated on the UL and DL within an operating band shall be declared by the manufacturer. (…)
E-UTRA is designed to operate for the carrier aggregation configurations defined in Tables 5.5-2 to 5.5-3.
Table 5.5-2. Intra-band contiguous carrier aggregation configurations

	CA Configuration
	Operating band

	
	

	CA_1
	1

	CA_40
	40


We interpret this in the sense that a BS supporting one or more of the CC combinations defined in TS 36.101 for CA_1 or CA_40 shall meet certain CA specific requirements, such as OBW or TA error. 
[1] suggests that CA_1 includes the UE CA bandwidth classes CA_1A, CA_1B, CA_1C CA_1D, CA_1E and CA_1F; moreover, for each CA bandwidth class the CC combinations are defined based on the rules A) – E) outlined in [1]. There doesn’t need to be a 1-1 relationship between UE CA bandwidth classes and the CA capabilities supported by the BS: e.g., a BS may support only a subset of CC combinations defined for class CA_1C, like 15 + 15 MHz with a declared maximum aggregated channel bandwidth of 30 MHz (<40 MHz) only. 
We believe that the information regarding carrier aggregation configurations defined in Tables 5.5-2 to 5.5-3 of [2] is specific enough for the purposes of defining the general requirements within TS 36.104. Note that this is in line with the current principles of the 36-series, in which the Channel bandwidths per operating band are defined in Table 5.6.1-1 of TS 36.101 and not duplicated to TS 36.104.
Declaration of the maximum aggregated channel bandwidth
TR 36.808 [2] also proposes that the maximum bandwidth supported by the BS in which multiple carriers can be aggregated on the UL and DL within an operating band shall be declared by the manufacturer. This parameter may be relevant only in TS 36.141 in order to define applicable CA TCs, but is not really needed for TS 36.104. Note the same situation in MSR specifications: even though the Maximum Base Station RF bandwidth is defined in TS 37.104, it not used anywhere. The parameter Maximum Base Station RF bandwidth is used in TS 37.141 to define the MC TCs in an algorithmic manner, regardless of the actual value supported by the BS. 
To summarize, we believe that regarding CA capabilities to be declared or otherwise contained within TS 36.104 the current text in TR 36.808 [2] is sufficient and non-restrictive / limiting in respect to wider BS transmission modes relevant for future releases.
Another matter is the conformance test specifications to which we turn to next.

TCs and Declared capabilities required for TS 36.141

The overall issue

With the exception of the ACLR test, all tests within TS 36.141 are currently SC tests. On the other hand TS 37.141 contains extensive E-UTRA MC tests for BS capable of E-UTRA MC (CS2) using TC2.
The question arises, how much CA tests using multiple carriers shall be defined in TS 36.141, given that CA configurations are a subset of MC configurations and that the TC2 based tests may be readily applied for a BS additionally conforming to TS 37.141. The test suite in TS 37.141 is more stringent compared to TS 36.141, in that not only certain test requirements are more stringent (e.g. related to UEM), but also because in addition to the legacy SC tests also MC tests (with TC2) are invoked where appropriate. E.g. the UEM is tested both with SC and MC TCs.
Given the wide range of possible E-UTRA BS transmission modes as indicated above in section ‎2.2.1, could lead to a substantial amount of work necessary to develop TS 36.141 when aiming at similar comprehensive test coverage. Or it could perhaps result in duplicating part of the tests already defined in TS 37.141 towards TS 36.141without added value. On the other hand, TS 37.141 might not yet be recognized by regulation in all regions and input from other companies on this aspect is welcome.

Generally, our preference is to only add CA specific tests with multiple carriers to TS 36.141 only when seen necessary from a test coverage point of view. Otherwise we prefer to rely on the already defined TC2 based tests for a BS additionally conforming to TS 37.141 whenever applicable. On this feedback from other companies is welcome.
Exceptions to this would be the CA specific requirements of OBW and TA error, which would need to be added to TS 36.141.

We further discuss some of the related aspects in the following sections.

Alternative RF requirements for a BS additionally conforming to TS 37.104

As already pointed out in TR 36.808 [2] for a BS conforming to both, 36- and 37-series of specifications there would be a significant overlap among the core RF requirements and the related conformance testing efforts. In many cases the corresponding MSR RF core and test requirements are either identical or more stringent and hence any E-UTRA capable BS compliant to 37-series is also compliant to 36-series for these requirements.
As a result, a set of CRs for the REL-9 E-UTRA (and also UTRA) core and conformance test specifications was approved which allows a BS additionally conforming to TS 37.141 to demonstrate conformance to some of the RF requirements in TS 36.141 through the corresponding requirements in TS 37.141 as listed in Table 4.9-1
Table 4.9-1: Alternative RF test requirements for E-UTRA BS additionally conforming to TS 37.141
	RF requirement
	Clause in TS 36.141
	Alternative clause in TS 37.141 [18]

	Base station output power
	6.2.5
	6.2.1.5

	Unwanted emissions
	

	
Transmitter spurious emissions
	6.6.4.5
	6.6.1.5 (except for 6.6.1.5.3)

	Operating band unwanted emissions
	6.6.3.5.1, 6.6.3.5.2

(NOTE 1)
	6.6.2.5 (except for 6.6.2.5.3 and 6.6.2.5.4)

	Transmitter intermodulation
	6.7.5
	6.7.5.1

	Narrowband blocking
	7.5.5
	7.4.5.2

	Blocking
	7.6.5.1
	7.4.5.1

	Out-of-band blocking
	7.6.5.1
	7.5.5.1

	Co-location with other base stations
	7.6.5.2
	7.5.5.2

	Receiver spurious emissions
	7.7.5
	7.6.5.1

	Intermodulation
	7.8.5
	7.7.5.1

	Narrowband intermodulation
	7.8.5
	7.7.5.2

	NOTE 1:
This does not apply when the lowest or highest carrier frequency is configured as 1.4 or 3 MHz carrier in bands of Band Category 1 or 3 according to clause 4.4 in TS 37.141 [18].


We propose that this approach shall also be applicable for the REL-10 version of TS 36.141. Hence, care must be taken that this link to the alternative MSR RF test requirements does not break when modifying the test configurations for TS 36.141 in respect to CA, e.g. when defining new MC tests in TS 36.141.
Review of MSR CS2 related MC tests

To assess the possible scope for adding CA specific tests with multiple carriers to TS 36.141, we first review the precedence case of test configurations related to CS2 (MSR Single-RAT E-UTRA capable BS) in Table 1. We use the following colour code:
· no strong need to introduce CA specific tests with multiple carriers ( MC test not proposed for CA
· CA specific tests with multiple carriers could be considered in TS 36.141

· CA specific tests with multiple CCs must be considered in TS 36.141 ( MC test proposed for CA
Table 1: MSR test configurations related to CS2 (Single-RAT E-UTRA capable BS)
	Capability Set
	E-UTRA (MC) capable BS (CS2)

	BS test case in TS 37.141
	BC1
	BC2
	BC3

	6.2 Base Station output power
	- 
	- 
	- 

	6.2.1 Minimum requirement
	TC2
	TC2
	TC2

	6.2.2 Additional requirement 
(only for band 34)
	N/A
	N/A
	Compliance stated by manufacturer declaration

	6.2.3 E-UTRA minimum requirement for DL RS power
	(TS 36.141)
	(TS 36.141)
	(TS 36.141)

	6.3 Output power dynamics
	- 
	- 
	- 

	6.3.1 E-UTRA minimum requirement
	(TS 36.141)
	(TS 36.141)
	(TS 36.141)

	6.4 Transmit ON/OFF power
	- 
	- 
	- 

	6.4.1 Transmitter OFF power
	N/A
	N/A
	TC2

	6.4.2 Transmitter transient period
	N/A
	N/A
	TC2

	6.5 Transmitted signal quality
	- 
	- 
	- 

	6.5.1 Modulation quality
	- 
	- 
	- 

	6.5.1.1 E-UTRA minimum requirement
	[TC2]
	[TC2]
	[TC2]

	6.5.2 Frequency error
	- 
	- 
	- 

	6.5.2.1 E-UTRA minimum requirement
	[(TS 36.141)]
	[(TS 36.141)]
	[(TS 36.141)]

	6.5.3 Time alignment between transmitter branches
	- 
	- 
	- 

	6.5.3.1 E-UTRA minimum requirement
	(TS 36.141)
	(TS 36.141)
	(TS 36.141)

	6.6 Unwanted emissions
	- 
	- 
	- 

	6.6.1 Transmitter spurious emissions
	- 
	- 
	- 

	6.6.1.1.1 Minimum requirement (Category A)
	TC2 
	TC2 
	TC2 

	6.6.1.1.2 Minimum requirement (Category B)
	TC2 
	TC2 
	TC2 

	6.6.1.2 Protection of the BS receiver of own or different BS
	TC2 
	TC2 
	TC2 

	6.6.1.3 Additional spurious emissions requirements
	TC2 
	TC2 
	TC2 

	6.6.1.4 Co-location with other Base Stations
	TC2 
	TC2 
	TC2 

	6.6.2 Operating band unwanted emissions
	- 
	- 
	- 

	6.6.2.1 General minimum requirement for Band Categories 1 and 3
	TC2 and 

(TS 36.141) 


	N/A
	TC2 and 

(TS 36.141) 

	6.6.2.4 Additional requirements
	Compliance stated by manufacturer declaration
	Compliance stated by manufacturer declaration
	Compliance stated by manufacturer declaration

	6.6.3 Occupied bandwidth
	- 
	- 
	- 

	6.6.3.1 Minimum requirement
	 
(TS 36.141)
	 
(TS 36.141)
	
(TS 36.141)

	6.6.4 Adjacent Channel Leakage power Ratio (ACLR)
	- 
	- 
	- 

	6.6.4.1 E-UTRA minimum requirement
	(TS 36.141)
	(TS 36.141)
	(TS 36.141)

	6.7 Transmitter intermodulation
	- 
	- 
	- 

	6.7.1 General minimum requirement
	Same TC as used in 6.6
	Same TC as used in 6.6
	Same TC as used in 6.6


Based on the discussions in the MSR WI, there was no strong reason for Transmitter spurious emissions to have either a SC or MC TC; so the current SC TC in TS 36.141 can be considered as sufficient.

The rationale to add TC2 for OOB tests was the wider linearization bandwidth expected with MSR BS; a similar argument might is relevant for CA as well.

Again, our general preference is to limit the additional ‘yellow’ cases to a minimum set.
Considerations for CA specific tests

First, given the wide range of possible E-UTRA BS transmission modes as indicated above in section ‎2.2.1 and in order to limit the amount of work needed to develop TS 36.141 in the REL-10 timeframe, some selections are required. We propose to focus REL-10 additions to TS 36.141 to the above transmission mode 3), i.e. CA with an aggregated channel bandwidth according to a CC combination defined for the UE in TS 36.101. 
Next, in line with the testing principles used in MSR, we propose that only a TC according to the maximum aggregated channel bandwidth supported by the BS (as declared by the manufacturer) need to be tested. The combination of SC TC and a TC with the maximum aggregated channel bandwidth should cover intermediate bandwidth configurations e.g. for the UEM tests.
Furthermore we think that in case that there are multiple CC combinations defined (in TS36.101) at the maximum aggregated channel bandwidth supported by the BS, only one of them needs to be tested. This selection process is considered next.
Finally there might be more than one CC spacing defined in addition to the nominal spacing. As this has the potential to multiply the # of TCs without adding value to the test, we propose to define TC for only for the nominal spacing (TBD). 
Definition of TCs for CA
For MSR the TCs are derived by an algorithm using as input declared parameters. E.g. TC2 is derived from

· The maximum RF bandwidth supported by the MSR BS 

· The maximum number of supported E-UTRA carriers

·  Which of the E-UTRA channel bandwidths specified in TS 36.104 clause 5.6 are supported

Next we investigate if the maximum aggregated channel bandwidth supported by the BS (as declared by the manufacturer) is an appropriate parameter to select a single CC combination rather than using a generic algorithm for TC generation as in MSR.
Review of UE CA configurations from TR 36.807 [1]

Work on UE CA configurations is still in progress, nevertheless, the following summarizes the ‘CA rules’ currently captured in TR 36.807 [1]:
A) Position of DC-Carrier (symmetric vs. asymmetric CA configurations, TBD)
C) Number of CC’s per CA BW Class
5.6A-3. CA bandwidth classes

	CA bandwidth class
	Aggregated Transmission 

Bandwidth Configuration, NRB, agg
[RBs]
	# CC’s

	A
	NRB, agg ≤ 100
	[1]

	B
	NRB, agg ≤ 100
	[2]

	C
	100 < NRB, agg ≤ [200]
	[2]

	D
	[200] < NRB, agg ≤ [300]
	[TBD]

	E
	[300] < NRB, agg ≤ [400]
	[TBD]

	F
	[400] < NRB, agg ≤ [500]
	[TBD]


D) What BWs are allowed to be used in CA

Table 5.6.1A-1: E-UTRA CA Intra band contiguous channel bandwidth combinations
	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	CA_1C
	1
	
	
	
	Yes
	Yes
	Yes

	CA_40[C]
	40
	
	
	
	Yes
	Yes
	Yes


E) How many different BW’s are allowed in multi CC CA 

· Limit of different BW per CA should be two
With above assumptions we would obtain the following tentative CC combinations as a function of the maximum aggregated channel bandwidth supported by the BS. It shall be noted that the CC combinations are subject to the outcome of further UE agreements (e.g. symmetric or asymmetric CA configurations, CA BW Classes, …), hence some CC combinations might need to be added or removed, this is FFS.
Table 2. Tentative CC combinations as a function of the maximum aggregated channel bandwidth supported by the BS

	Declared Maximum aggregated channel bandwidth supported by the BS

MHz
	CA_1 (only symmetric CA configurations assumed)
	CA_40 (symmetric or asymmetric CA configurations assumed)

	25
	-
	10+15

	30
	15+15
	15+15
10+20

	35
	-
	15+20

	40
	20+20
	20+20

	50
	20+10+20

	20+10+20
10+20+20

15+15+20


From this we see that the declared Maximum aggregated channel bandwidth is quite effective in narrowing down the CC combinations for a TC. Hence, a fully generic algorithm to define TCs as used in TS 37.141 might not be needed. However, for the case of multiple CC combinations, some ad-hoc rules would need to be defined in TS 36.141, in order to pick a single CC combination. Possible rules will be discussed in more detail in the companion paper [4].
Other details using a TC

RF channels

Many tests in MSR test spec are performed with the maximum RF bandwidth located at the bottom, middle and top of the supported frequency range in the operating band. These are denoted within TS 37.141 as BRFBW (bottom), MRFBW (middle) and TRFBW (top).

MSR tests shall be performed at BRFBW, MRFBW and TRFBW defined as following:

BRFBW: 
maximum RF bandwidth located at the bottom of the supported frequency range in the operating band.

MRFBW: 
maximum RF bandwidth located in the middle of the supported frequency range in the operating band.
TRFBW: 
maximum RF bandwidth located at the top of the supported frequency range in the operating band.

The same principle can also be applied to additional MC tests related to CA.
Test models within MC TCs
E-UTRA carriers within MSR MC test configurations used for transmitter tests shall be configured according to E-TM1.
The same principle can also be applied to additional MC tests related to CA.
Conclusion

We propose to reflect the discussed aspects in future work on TS 36.141 related to CA conformance testing.
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