3GPP TSG-RAN WG4 Meeting #77

R4-157539
Anaheim, USA, 16-20 Nov, 2015

Source: 
Huawei

Title: 
Way forward on Performance requirements
Agenda Item:
7.2.4
Document for:
Approval
1 Introduction
Now that the core requirements are reaching conclusion it is appropriate to start considering the performance requirements. Section 8 in the xx.104 requirements is primarily concerned with receiver performance. It comprises of minimum demodulation requirements in multi-path conditions for systems with multiple antennas.
Clearly as an AAS may have many more antennas and receiver paths than a non-AAS system these requirement may need some clarification.

2 Discussion
The existing performance requirements for the non-AAS test the performance of the receiver under various propagation conditions for different number of receiver antenna’s. These requirements represent a ‘minimum’ performance expected of the systems under the defined conditions. The propagation conditions used are applied as a conducted signal via a fading simulator.

For AAS it is not envisaged that this ‘minimum’ requirement will need to be expanded. 

The maximum number of receiver antennas in the current requirement is 8, this is in balance with the maximum number of transmit layers specified (8 for E-UTRA from RAN1). In order to offer equivalent functionality with the current non-AAS (rel. 12) requirements 8 remains a reasonable maximum number of receivers to test in parallel.

It must also be considered that the number of paths in the channel emulators needed increases as the maximum number of  parallel tested receivers paths, and at some point this method will become unfeasible.

The discussion on performance testing of the AAS BS therefore assumes the following

Proposal 1: The existing propagation conditions and reference channels are sufficient for the AAS BS performance test. Testing of AAS specific functionality is out of scope in Rel13.
Proposal 2: The current maximum number of receiver antenna connections tested in parallel for non-AAS (8 for E-UTRA) is also used for AAS.

Proposal 3: The task for the AAS WI is therefore to apply the existing performance requirements to the AAS architecture.


2.1 Non-AAS background

The performance requirements are specified for various measurement channels and various propagation conditions. They also are specified for different number of receivers, either 1 or 2 for UTRA or up to 8 for E_UTRA. 

Clearly for a non-AAS system with 8 receivers every combination of 2 receivers of the 8 are not tested:
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As with any non-AAS requirement which involves more than 1 antenna connector it is not clear to what entity the term BS applies. In most cases the non-AAS BS is an antenna connector, enabling a single TRX to be type approved as a BS. However for the performance section  there are requirements for BS with up to 8 receivers. For example the test set up in 36.141 I.3.1 shows the 2 receiver case and refers to the BS under test as having 2 receivers.
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Figure I.3-1: Functional set-up for performance requirements for PRACH in static conditions for BS with Rx diversity (2 Rx case shown)
It is also noticeable that the tables with the performance requirements in 36.104 have columns for number of Tx antennas as well as number of Rx antennas. This becomes clearer when looking at the test set up (36.141 Annex I.3.6). The number of Tx antennas does not refer to the BS under test but the signal source.
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Figure I.3-6: Functional set-up for performance requirements for PUSCH transmission on two antenna ports in multipath fading conditions (2 Rx case shown)

2.2 Non AAS Performance tests
The non AAS performance tests are carried out for defined SNR values but not at specified absolute power levels. For example in TS36.104 sub-clause 8.2.1.1. the fits few rows of table 8.2.1.1- 4 are shown below:
Table 8.2.1.1-4 Minimum requirements for PUSCH, 10 MHz Channel Bandwidth, 1Tx
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR

[dB]

	1
	2
	Normal
	EPA 5Hz Low
	A3-5
	30%
	-4.2

	
	
	
	
	
	70%
	-0.4

	
	
	
	
	A4-6
	70%
	10.8

	
	
	
	
	A5-5
	70%
	18.3

	
	
	
	EVA 5Hz Low
	A3-1
	30%
	-2.7

	
	
	
	
	
	70%
	1.9

	
	
	
	
	A4-1
	30%
	4.3

	
	
	
	
	
	70%
	11.4

	
	
	
	
	A5-1
	70%
	18.8

	
	
	
	EVA 70Hz Low
	A3-5
	30%
	-4.1

	
	
	
	
	
	70%
	0.1

	
	
	
	
	A4-6
	30%
	4.5

	
	
	
	
	
	70%
	12.6

	
	
	
	ETU 70Hz* Low
	A3-1
	30%
	-2.5

	
	
	
	
	
	70%
	2.4

	
	
	
	ETU 300Hz* Low
	A3-1
	30%
	-2.2

	
	
	
	
	
	70%
	2.9

	
	
	Extended
	ETU 70Hz* Low
	A4-2
	30%
	4.8

	
	
	
	
	
	70%
	13.6


In the conformance specification 36.141 the corresponding test procedure in §8.2.1.4.2 includes a table where the absolute power of the AWGN for the test is given
Table 8.2.1.4.2-1: AWGN power level at the BS input
	Channel bandwidth [MHz]
	AWGN power level

	1.4
	-92.7dBm / 1.08MHz

	3
	-88.7dBm / 2.7MHz

	5
	-86.5dBm / 4.5MHz

	10
	-83.5dBm / 9MHz

	15
	-81.7dBm / 13.5MHz

	20
	-80.4dBm / 18MHz


The smallest signal is represented by the most negative SNR number, using a 10MHz signal as an example  (2 antennas) . the lowest signal level is -83.5 – 4.2 = -87.7dBm. This is 13.8dB larger than the level required for the reference sensitivity test for the same signal BW (-101.5dBm). 
A similar relationship exists in UTRA where the AWGN is specified in 25.141 at a level -84dB and the required Eb/No values are all positive. Worst case is -84 – 0.8 (-25) = -108.2dBm which is 12.8dB larger than the reference sensitivity for the same signal BW (-121dBm).
The requirements for the performance tests are quoted as SNR (or Eb/No) rather than as absolute terms, in conformance testing the AWGN level is given to place the test levels in the linear range of the receivers performance away, large enough to be clear of the effect of the noise floor, but small enough to avoid linearity issues. So it is clear that the performance tests are not intended to test the receiver RF performance but to ensure the receiver algorithms are performing at some minimum level.
2.3 AAS performance tests

Unlike the non-AAS an AAS BS comprises of all the TRX units as a whole. It may have the same number of receivers units as a non-AAS system has receivers (1 to 8) or it may have many more.

Clearly once the number of receiver units in an AAS becomes greater than 8, then a question arises on how to apply the receiver performance tests.

The following example used 4 receiver units per receiver diversity layer (i.e. if all 8 diversity layers were shown this would be a total of 32 receiver units).
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Figure 1. 2 methods of UL beam forming – 2 ‘beams’ with 8 receiver units

The method on the left has a 1:4 (generally 1:n)  relationship between the diversity path (beams) and the receiver units, the system on the right has a 2:8 (generally n:m) relationship.

It has been stated that the performance tests are not intended to test the RF performance. It must be remembered that the Reference sensitivity already tests the Noise performance of the receiver units individually, also the OTA sensitivity requirement checks the beam forming ability (indirectly via the RoAoA and the declared EIS value as if signals from receiver units are not summed correctly good EIS would not be achievable). Also each AAS receiver unit (or receive TAB connector) is subjected to the minimum RF requirement which is the same as the non-AAS requirement. Unlike the transmitter units where output power is very important and may vary between transmitter units, the receivers all meet the minimum requirements and hence can be considered identical.
So with AAS performance tests it is sufficient to use the receiver units as a means to get the test signals from the RF domain (the Signal generators, AWGN generators  and channel emulators) to the point where the demodulation algorithms can be tested.
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Figure 3. Performance test for AAS with 4:1 beam forming architecture (left)  and 2:8 beam forming architecture (right)
The beam forming networks can be used as simple through paths (either by setting or by the fact that only 1 receive path  has any signal on it) and hence will not influence the test.
The simplest way therefore to implement the existing performance tests with an AAS is to use a representative receive TAB connector from any beam forming /diversity group and apply the tests to those. This in fact is not any different to the way the current performance tests are applied  to non-AAS 8 way diversity systems.

These functionality we are trying to capture in the groups is that of a diversity branch or a MIMO branch of a non-AAS receiver, the name branch group is therefore used to refer to them.

A branch group can be defined as:

branch group: a vendor declared group of receive TAB connectors which perform the function of a performance receive branch. For UTRA it is equivalent to a receive diversity branch or a UL MIMO branch, for E-UTRA it is equivalent to an RX Antenna.

 It is necessary however to have some distinction on the receiver units selected for the test as for example in the 1:4 beam forming architecture shown it would not be possible to do the performance test as follows:
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Figure 4. Unacceptable performance test method using any 2 receiver units as inputs.

Proposal 4: Performance test are carried out on representative receive TAB connectors in different branch groups. Receive TAB connectors are placed in branch groups by vendor declaration.

3 Conclusion
The receiver performance tests have been discussed and the following proposals have been highlighted to scope the work on this for AAS.
Proposal 1: The existing propagation conditions and reference channels are sufficient for the AAS BS performance test. Testing of AAS specific functionality is out of scope in Rel13.
Proposal 2: The current maximum number of receiver antenna connections tested in parallel (8 for E-UTRA) is also used for AAS.

Proposal 3: The task for the AAS WI is therefore to apply the existing performance requirements to the AAS architecture.


Further the problem for AAS has been analysed and it has been found that:

· Conducted RF tests ensure the minimum performance of individual receiver units

· OTA sensitivity tests ensure the minimum performance of the AAS functionality (such as UL beam forming or link optimisation)

· Performance tests are intended to show minimum performance of diversity and MIMO algorithms

With this being the case the following proposal is put forward to solve the issue:

Proposal 4: Performance test are carried out on representative receive TAB connectors in different branch groups. Receive TAB connectors are placed in branch groups by vendor declaration.
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