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1 Introduction

TPs, CRs and discussion papers regarding the needed updates to have MB BS conformance procedures updated to support 3 bands or more, have been presented at previous meetings [1-6]. This paper focus on what can be done in 3GPP as part of rel-12.
2 Discussion

The current text in TS 37.141 and TS 36.141 is generic in terms of text and format when it comes to the number of bands used for Multiband conformance testing. However the actual development work and the actual deployment cases were focused on two bands [7]. 
A reasonable requirement on any TC is that it uniquely specifies the carrier placements and characteristics based on declarations. This is not the case today for 3 bands or more.

The basic principles of the update are that:

· The order of the bands is given.

· The order in which each carrier is placed in a particular RF bandwidth of a band.  

An updated ETC4 is given below:
4.10.4.1
ETC4 generation 
ETC4 is based on re-using the existing test configuration applicable per band involved in multi-band operation. It is constructed using the following method: 

-
The RF bandwidth of each supported operating band in multi-band operation shall be the declared maximum RF bandwidth of each supported operating band in multi-band operation. 

-
The number of carriers of each supported operating band shall be the declared maximum number of supported carriers of each supported operating band in multi-band operation. Carriers shall be placed at the outermost edges of the declared maximum radio bandwidth. Additional carriers shall be placed at the edges of the RF bandwidths, if possible.
-
The allocated RF bandwidth of the outermost bands shall be located at the outermost edges of the declared maximum radio bandwidth.
-
Each concerned band shall be considered as an independent band and the corresponding ETC1 shall be generated in each band. The mirror image of the single-band test configuration shall be used in the highest band being tested for the BS to ensure a narrowband carrier being placed at both edges of the BS maximum radio bandwidth.
-
To generate the corresponding ETC1 start with the narrowest supported carrier at the lower edge of the RF bandwidth. Continue with the carrier adjacent to the upper edge if there are carriers left to allocate. Then allocate the carrier adjacent from each other from the upper edge, if there are further carriers left to allocate.
-
Allocate carriers in the RF bandwidth of the lowest band and then in the RF bandwidth of the highest band.

-
Allocate carriers in the RF bandwidths of the remaining bands, starting from the second lowest and then the second  highest and so on until all bands are exhausted. Place the RF bandwidths of the intermediate bands as low as possible in each band.

-
If the sum of the maximum RF bandwidth of each supported operating bands is larger than the declared total RF bandwidth of transmitter and receiver for the declared band combinations of the BS, repeat the steps above for test configurations where the RF bandwidth of one of the operating band shall be reduced so that the total RF bandwidth of transmitter and receiver is not exceeded and vice versa. 
-
If the sum of the maximum number of supported carrier of each supported operating bands in multi-band operation is larger than the declared total number of supported carriers for the declared band combinations of the BS, repeat the steps above for test configurations where in each test configuration the number of carriers of one of the operating band shall be reduced so that the total number of supported carriers is not be exceeded and vice versa.
2.1
Example with 2 bands

To have multiband we need at least two bands and at least one carrier in each band. The new ETC4 rules state that 
-
To generate the corresponding ETC1 start with the narrowest supported carrier at the lower edge of the RF bandwidth. Continue with the carrier adjacent to the upper edge if there are carriers left to allocate. Then allocate the carrier adjacent from each other from the upper edge, if there are further carriers left to allocate.

-
Allocate carriers in the RF bandwidth of the lowest band and then in the RF bandwidth of the highest band.
We start with the lowest band and populate the RF bandwidth with carriers. We follow ETC1 and start, as stated in the rules, with the narrow carrier at the lowest edge in "1". If there are more carriers we add carriers at the highest edge of the lowest RF bandwidth in "2" and add, if possible, remaining carriers in "3". We then do the same with the highest band but with ETC1 reversed. The rules would still work if we had only two carriers, one in each band. We would allocate "1" in the first band and then move on and allocate "4" in the highest band.
   We end with carriers placed at the outermost edges of the declared maximum radio bandwidth and additional carriers placed at the edges of the RF bandwidths and the remaining carriers filling out as per ETC1, just as we want.
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Figure : Example with 2 bands
2.2
Example with 3 bands

To have multiband in 3 bands we use this rule:

-
Allocate carriers in the RF bandwidths of the remaining bands, starting from the second lowest and then the second highest and so on until all bands are exhausted. Place the RF bandwidths of the intermediate bands as low as possible in each band.
We continue with the second lowest band as our first middle band and populate the RF bandwidth with carriers. We follow ETC1 and start, as stated in the rules, with the narrow carrier at the lowest edge in "7". If there are more carriers we add carriers at the edge of the lowest RF bandwidth in "8" and add, if possible, remaining carriers in "9". The rules would still work if we had only had 1,2 or 3 carriers in the new band. We would allocate "7" if we had only one carrier, "7" and "8" if we had two carriers and so on.
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Figure 2: Example with three bands

2.3
Example with 4 or more bands

To have multiband in 4 or more bands we just apply the same rule until there are no new bands:

-
Allocate carriers in the RF bandwidths of the remaining bands, starting from the second lowest and then the second  highest and so on until all bands are exhausted. Place the RF bandwidths of the intermediate bands as low as possible in each band.

2.4
ETC5

ETC5 is based on ETC3. It is possible to update ETC5 along the same lines as ETC4.
2.5
Concerns and proposals for further development

The proposals in this paper is what can be considered a release-12 patch to enable the ETC4 and ETC5 texts to generate test configurations in a consistent way based on declaration input for 3 bands or more. However for further development in release-13 we would like to revisit this topic when it comes to:
· Study actual 3 band MB deployment cases. The current TR [7] is based on two bands.

· Intermodulation, harmonics and spurious generation in TX hitting RX.

· Further development of MB test configurations in terms of RF BW placement, number of interferers and interferer placement.
· Further develop declarations for Multi-band operation.

A note is added to the CR to reflect that the current text is just a first step. 

Note:
The multi-band operation tests in ETC4 and ETC5 are extrapolated from dual band cases to cover thee bands or more. Further refinement for three bands or more is FFS. 

3 Conclusion


A reasonable requirement on any TC is that it uniquely specifies the carrier placements and characteristics based on declarations. This is not the case today for 3 bands or more. 
The basic principles of the update are that:

•
The order of the bands is given.

•
The order in which each carrier is placed in a particular RF bandwidth of a band.  

A CR for 3GPP release-12, can be found in [8]. The changes to sub-clause 4.7.1 RF bandwidth position for multi-carrier and/or CA testing correspond to the proposal in [6] from the Dresden meeting.

However for further development in release-13 we would like to revisit this topic.
4 References

[1] R4-141870, TP for TR 36.835: Specific BS RF requirements for LTE Advanced 3 Band Carrier Aggregation (3DL/1UL), Alcatel-Lucent, RAN4 #70bis.
[2] R4-143395, TP for TR 36.835: Specific BS RF requirements for LTE Advanced 3 Band Carrier. Aggregation (3DL/1UL), Alcatel-Lucent, RAN4 #71.
[3] R4-143420, TP for TR 36.853: 3DL CA BS impact, Ericsson, RAN4 #71.
[4] R4-145030
Discussion, MB-MSR restricted to two bands, Ericsson .
[5] R4-143404, CR, Testing for multi-band BS capable of operation in three or more bands, Alcatel-Lucent.
[6] R4-144117, CR, Testing for multi-band BS capable of operation in more than two bands, Alcatel-Lucent.
[7] 3GPP TR 37.812 V11.3.0, Radio Frequency (RF) requirements for Multi-band and Multi-standard radio (MB-MSR) Base Station (BS) (Release 11).
[8] R4-146305CR MB BS conformance testing for 3 bands or more.
[image: image1][image: image3.png]Lowestband  Middle band Highest band

| |
| | @
| RFBW RF BW RFBW
Y

Maximum Radio Bandwidth

Narrowest
5 MHz Carrier




