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Discussions   
1 Introduction 
In RAN4#62bis, in [1], we have agreed that the Study should focus on the following aspects as the initial stage for RAN4 feasibility study on AAS:

· The in-band blocking for individual AAS receiver

· The spatial ACLR for AAS transmitter.

In this document we discuss these two requirements for BS with AAS. 

2 In-Band Receiver Blocking

From TS36.104, the blocking characteristic is a measure of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer. The minimum requirement for Release 10 is given in Section 7.6.1.1 for the Wide Area BS and Local Area BS. The blocking requirement, as explained in Section 7.1.4 of TR36.942 where the CDF of the total received power level at the own system base station in a 10MHz bandwidth from all users terminal from other systems are computed. 
To help with the explanation in the rest of this documents, the receive blocking of a BS with AAS is illustrated in Figure 1. Gdms and Gbms are the antenna element gains of the desired mobile signal and blocking mobile signal before the LNA. It shows the “blocker” is higher because of the less antenna spatial selectivity close in, compared to for example the passive array suppressed backlobe levels.   

[image: image1]
Figure 1: Receiver Blocking for BS with AAS
Because the AAA system does not achieve an array pattern until after digital baseband processing of the multiple elements in the array, the following differences with respect to the receiver front end, including the LNA gain stage and the first mixer, are noted:

· The effective power level of the interferer UE (or the composite power summation of multiple interferer UEs) is higher due to the lack of multi-element pattern.  The close-in interferers do not experience antenna gain suppression as there is no array pattern yet.  Instead, the interference signals experience the shallower pattern (more omni-directional) of the single element.  Thus the interference signals appear higher in level to the front end stages; 
· The effective gain in the direction of the desired UE is lower, again due to the lack of multi-element summation to form the array pattern.  Instead, the far-away desired UE experiences the same omni-directional (low gain) pattern.  Thus the desired signal appears lower in level to the front end stages.

· The net result of these two effects is that the dynamic range used for blocking tests must be made 10 – 15 dB more stringent to be equivalent to the use of a passive array.  In the passive array case, the gain pattern of the antenna helps to lessen the dynamic range between the desired signal at the edge of the cell and the close-in interferer (or interferers).  That is not the case for the active antenna array.
Therefore, for the receiver blocking specifications for BS with AAS, the following “modifications” should be considered:
1. Interferer Signal Mean Power (dBm) = Existing Interfering Signal Mean Power + Δg, where Δg is the difference between the passive array gain and the single element gain in the direction to the interferer UE. For the simulation studies purpose, it should be an average gain over multiple interferer locations.

2. Wanted Signal Mean Power (dBm) = P_REFSENS + 6 dB. It should be noted that prior to the digital beamformig processing there exist also a gain offset that is due to the gains difference between the passive array gain and the single element gain in the direction to the edge of the cell (i.e. in the main lobe). However, this gain offset is compensated by the digital beamforming gain resulting from the coherent combining of the wanted signal in the digital domain.
Δg can therefore be obtained from simulation studies that shall be carried out with 3-D modeling with a 3-D antenna radiation pattern producing the required blocking performance for BS with AAS. Additional discussions on the derivation of Δg can be found in [2].
3 ACLR

ACLR is the Adjacent Channel Leakage power ratio of the mean power centred on the assigned channel frequency to the mean power centred on an adjacent channel frequency. The ACLR requirement is derived by system simulation of the co-existence between two E-UTRA systems where it is assumed that the capacity or throughput loss of the victim system shall not exceed 5%. 

The ACLR minimum requirement for wide area BS, local are BS and home BS for both paired and unpaired spectrum is given in Section 6.6.2.1 of TS 36.104. For BS with AAS, the following differentiating aspects need to be considered for transmitter linearity:
· The signal of interest represents a number of channels on one element of the AAA array. Based upon the element position within the N element array, the various carriers will have differential phases (differential with respect to other elements) in order to create the downtilt (RET downtilt).

· The non-linear energy (spurious response of the transmitter) is related to IMD performance.  The IMD energy is related to the intermodulation of the various carriers on that element.

· In the far field, the signal of interest (intended) will sum appropriately due to the impressed phases to accomplish the downtilt.

· In the far-field, the IMD energies (unintended) (and also the ACLR experienced in the adjacent channel) will be related to the IMD products.  The IMD products, unlike the signal of interest, will not necessarily sum in phase at the downtilt angle of interest, as the IMD products will not all be in phase, as they are generated as multiples ( m +/- n IMD products) of the multiple carriers, and the carriers have differing phases from element-to-element due to the impressed RET phase differentials. 
Therefore, the signal of interest adds in phase but there are two considerations for the IMD products:
Proposal A: As in the passive array system, the signal of interest and the IMD energy all comes from a single radio and a single amplifier. At the EAC, all the energy is in phase (with itself) for both the signal and the IMD products.  The IMDs that fall in the band and at the adjacent channel also are all in phase with respect to the antenna elements. Therefore, the existing ACLR requirements if Release 10 can be reused for BS with AAS.  

Proposal B: It is proposed that the signals of interest add in phase and that ‘on average’ the IMD products add out-of-phase. Modelling of this out of phase IMD is to be studied further. 
4 Conclusion

In this document, we have discussed possible adaptation that is needed for both the Receiver Blocking and the Transmitter ACLR when considering BS with AAS. And we make the following proposals:

Proposal 1: For Receive Blocking requirement, the following is agreed as the basic principle:
· The Interferer Signal Mean Power (dBm) = Existing Interfering Signal Mean Power + Δg, where Δg is the difference between the passive array gain and the single element gain in the direction to the interferer UE. For the simulation studies purpose, it should be an average gain over multiple interferer locations.

· Wanted Signal Mean Power (dBm) = P_REFSENS + 6 dB.

Proposal 2: For the transmitter ACLR, the following two proposals should be evaluated further in RAN4 on it proposal pros and cons prior to down selection. 
- Proposal A: As in the passive array system, the signal of interest and the IMD energy all comes from a single radio and a single amplifier. At the EAC, all the energy is in phase (with itself) for both the signal and the IMD products.  The IMDs that fall in the band and at the adjacent channel also are all in phase with respect to the antenna elements. Therefore, the existing ACLR requirements if Release 10 can be reused for BS with AAS.  

- Proposal B: It is proposed that the signals of interest add in phase and that ‘on average’ the IMD products add out-of-phase. If this proposal is agreed, then the modelling of this out of phase IMD is to be studied further by RAN4. 
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