3GPP TSG-RAN WG4 Meeting #65                                             R4-126458
New Orleans, LA, US, 12-16 November, 2012
Source: 
Huawei
Title: 
Guideline for specifying AAS requirements
Agenda Item:
10.3.4
Document for:
Discussion/Approval
1 Background and Introduction
The key issues and the solutions for AAS study were summarized in [1]. 
In section 3.2 in [1], it was pointed out 

· that the radio requirements for legacy BS are based on the assumed reference antennas;
· that AAS is the BS with integrated antenna which is different from the legacy BS. 

In section 3.1 in [1], it was pointed out

· that the radio requirements for BS equipment are conceptually different from the coexistence criteria;

· that validating the BS equipment by testing the coexistence criteria shall be avoided.
In section 3.3 in [1], it was pointed out
· that the AAS equipment requirements shall be specified for the AAS transmitter/receiver array;

· that the characteristics of the antenna array shall be declared and tested so that the requirements for AAS transceiver array can be translated as the requirements at the other points.
In section 3.5 in [1], it was pointed out 

· that the AAS requirements will not be applicable to legacy BS for all BS categories with multiple antenna ports (or connectors) which meets the existing BS transceiver requirements based on “assumed” reference antenna;

· that the AAS requirements would not possibly impact some of the de-facto AAS products that are designed to meet the existing per antenna connector BS requirements.

This paper reemphasizes and urges careful considerations of these key points that have been highlighted above. Further analysis on “where to define the radio requirements” are provided in this paper. 
Guidelines are provided as approach 1 and approach 2, and some findings are provided in the conclusion.
2 Three approaches to define the radio requirements for AAS transceivers
There are several approaches to define the requirements for AAS transceivers, and we summarize 3 typical ones.
Approach 1: Define requirements at boundary of the transceiver array that can be translated at anywhere. 
1 Define the requirements at the boundary between the transceiver array and antenna array. The requirements at the boundary are specified with reference to criteria used for the legacy BS.
1.1 This does not mean that there must be the access to the physical points to the transceivers for conductive testing.
1.2 Whether the boundary is before or after the Radio Distribution Network can be decided in the WI stage.

2 Declare and testing the characteristics of the antenna array (primarily the gain of the integrated antenna array).
2.1 The characteristics of antenna array are required for testing purposes that may use different measurement setups. The characteristics of the antenna array are required for the purpose of translating the requirements at the other points
2.1.1 If at far field, the term far field itself shall be specified according the size and frequency band of the antenna.

2.2 Some of the requirements have dependence on the gain of antenna array:
2.2.1 One example is the coexistence requirements in 6.6.4.3 in TS36.104, which might have to be defined in way that the emission level at the transceiver boundary shall be modified by the gain of the integrated antenna array. The existing requirements are specified based on an assumed reference antenna. 
2.2.2 The larger the gain of antenna array, the less emission level that shall be allowed at the transceiver array for example given in 2.2.1.
2.3 Whether the reference sensitivity level shall be compensated by the gain of the antenna array can be figured out in the WI stage.

2.3.1 This requires the characteristics of the antenna array shall be known;
2.3.2 This also requires to agree on a value of gain of the assumed antenna for the legacy BS; The existing reference sensitivity level might be modified by the difference of antenna array gain with the assumed reference antenna.
2.3.3 Answers to this question require some technical analysis and simulation to check whether noise figure can be traded off with antenna gain in typical deployments.
This approach is definitely feasible, and the work down this road is straightforward.
Approach 2: Requirements for the transceiver array are specified by comparing the radio characteristics of AAS BS and a legacy BS at the far field.  
1 The key idea behind this approach is the requirements at far field for a legacy BS and an AAS BS shall be the same if they are deployed understand the same coexistence conditions. 

1.1 What should be the far field for the BS shall be specified and defined in the next stage.
2 This approach requires the characteristics of the integrated antenna array shall be declared and tested.
2.1 This allows the requirements at far field to be translated at the other points, which is the same as point 2.1 in approach 1;
2.2 This requires the requirements at the field to be comparable with legacy BS.
3 This approach requires to agree on a gain value of the assumed antenna for the legacy BS, 
3.1 This is the same issue as raised in 2.3.2 in approach 1.

4 This approach by default allows the reference sensitivity to be compensated by the gain of the antenna array.

4.1 The large the gain of the integrated gain, the less requirements on noise performance or SNR threshold. 

4.2 However, we propose some simulation work in the WI stage to check whether increase of noise figure compensated by antenna gain would have some adverse impact on the network.
The differences between approach 1 and approach 2 are: 
· Approach 1 may compare with the legacy BS at the boundary of the transceivers

· Approach 2 may compare with the legacy BS at the far field.

· If the characteristics of the integrated antenna array are declared and tested, requirements at far field and at the boundary of transceivers are convertible.

· The description of the requirements by approach 1 would be similar to existing specifications.

· Approach 2 would require the requirements to be described in a different manner from existing specification. 
Approach 2 is also feasible. By comparing approach 1 and approach 2 carefully, it actually turns out that the mechanism behind those two approaches is the same, although some of the accuracy requirements may be different. 

Approach 3: Define the requirements for AAS totally as a black box by specifying the coexistence criteria, not by comparing with the legacy BS.
Please be noted that approach 3 would be the same as approach 2 if the coexistence criteria are derived based on a reference to legacy BS. Here we consider the situation that the requirements are specify from the “origin of things”.
Suppose there was the “future” AAS equipment that presents itself to the operator in a black-box manner, or, the antenna characteristic is unknown, and the boundary between the transmitter/receiver array and passive antenna array is unknown, and then the requirements will have to be specified in this way, for example:

· For reference sensitivity level: “the throughput requirements shall be met when the AAS is located at 1000 meters (just example) way from the testing reference UE who transmits at the maximum power”
· For coexistence requirements: “the emission level at the victim band shall be 7dB below the thermal noise level at the antenna port of the victim BS located 200meter (example only) away from the AAS under testing”  

There may be other examples that we won’t list them exhaustively. As discussed in [1], we shall avoid the situation that the radio requirements for BS equipment have to be validated using the coexistence criteria as the requirements. 
Approach 3 is not feasible.
3 The conclusions
Three approaches are discussed in this paper, and approach 3 is not feasible. 

Regarding Approach 1 and Approach 2, it is found that
1 The requirements are specified for the AAS transceivers array; The AAS requirements shall be specified with the characteristic of the integrated antenna declared and tested.
2 Approach 1 and 2 are technically equivalent considering the mechanism behind for the requirements.

2.1 Approach 1 compares with the legacy BS at the boundary of the transceivers; Approach 2 compares with the legacy BS at the far field.

2.1.1 If the characteristics of the integrated antenna array are declared and tested, the requirements at far field and at the boundary of transceivers are convertible.

2.2 The description of the requirements by approach 1 would be similar to existing specifications; Approach 2 would require the requirements to be described in a different manner from existing specification. 
2.2.1 How to describe the requirements is actually the work of the WI stage.
2.3 Core requirements specified at the far field shall consider the impairments introduced by the integrated antenna array, for example the accuracy of output power. Core requirements specified at the boundary of transceiver array don’t have to include the impairments from integrated antenna array. But the test specifications shall consider the uncertainty introduced by the antenna.
2.3.1 However, the implications of accuracy at either the core requirement part or the test requirement parts on network performance are the same.

As the differences between approach 1 and approach 2 are really the issues like “black against white”, it is suggested to spend the efforts on the follows aspects in the WI stage
1 Declare and test the required characteristics of the integrated antenna array.

2 The definition of far field.

3 The other key issues that have been identified
3.1 The spatial characteristics: how to handle the spatial selectivity of the ACLR, EVM and etc.

2.4 Whether or not to relate with AAS requirements with the gain of the integrated antenna array and the assumed reference antenna for legacy BS. 
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