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1 Introduction

During RAN4#65, an incoming LS was received from ITU-R WP 5D requesting information on activities relating to AAS systems in 3GPP. The framework for the ITU-R work on AAS systems is as follows:
Part A – For base station passive antenna systems

1
Definitions of passive antenna systems and associated components and terminology.

2
Definitions for common performance parameters and tolerances.

3
Develop guidelines on performance parameters and tolerances by closely collaborating with relevant external organizations.

4
Consideration of advanced concepts (e.g. remote control of pattern and tilt).

Part B – For base station active antenna systems

1
Definitions of active antenna systems and associated components and terminology related to:

a)
active antennas;

b)
adaptive beamforming antennas;

c)
MIMO antenna systems.

2
Definitions for common performance parameters and tolerances.

3
Develop guidelines on performance parameters and tolerances by closely collaborating with relevant external organizations.

4
Consideration of advanced concepts (e.g. remote control of pattern and tilt).
An answer should be provided to the ITU by July, which implies that RAN4 should prepare a response by the latest by RAN4#67.

We believe that it is also preferable to send a response from RAN4#67, in order to allow for sufficient time for discussion of the response and to include any early results from the WI that can be agreed upon and that are relevant. This document outlines some information that we believe could be included in a response.
2 Discussion

The response to ITU-R should contain information on the following areas: Passive antenna systems, the 3GPP SI and the plans and any initial conclusions from the 3GPP WI.
Passive antenna systems
As discussed in [1], 3GPP does not need to consider passive antenna systems and there are no plans to do so:
· Unlike active antenna systems, the spatial pattern of in band noise and adjacent channel and out of band interference emissions are exactly the same as the spatial pattern of the wanted in band signal

· For basestations connecting to passive antenna systems, in general antenna connectors are available for testing. Advanced AAS products are likely to integrate RF electronics and antenna elements and to incorporate a potentially large number of elements, making it impractical to provide antenna connectors. Thus means for setting requirements and tests for systems that do not possess antenna connectors need to be considered.

· Receiver issues such as RX blocking exhibiting a different spatial sensitivity observed for active systems are not seen in passive systems since combining takes place prior to the RF

· Passive systems do not apply different spatial beamforming patterns to different signals (e.g. different carriers or within a carrier). Active systems have this potential and it has been observed that transmitting multiple beams can impact e.g. intermodulation characteristics

· Passive systems are unable to experience nonlinear transceiver interactions due to mutual antenna coupling

· The range of applications of passive systems is much more limited (e.g. downtilt, as compared to dynamic beamforming etc. with active systems). Furthermore, the beam pattern of passive systems is generally not varied particularly often

Thus the response to ITU-R should indicate that there is no need to consider passive antenna systems. Nonetheless, some information relating to how 3GPP has modeled passive antenna systems (TR 36.942 and TR 36.814), both in past 3GPP work and in the TR 37.840 could be included in the response to ITU-R

The AAS study Item

The AAS Study Item was completed at RAN#59. RAN4 should refer to the Study Item, and draw the attention of ITU-R to the principle conclusions and discussions, as they relate to the ITU-R work:
· The definition of an Active Antenna System was discussed and is captured in the technical report

· Some effects arising in AAS systems were identified that led 3GPP to the conclusion that it is necessary and feasible to produce new specifications for AAS core requirements on parameters and tolerances
· Two means to define requirements on an AAS system were identified

· On radiated signals from the whole basestation system, including the antennas themselves

· On signals arising at the interface between the transceiver and antenna connector (i.e. omitting the antennas themselves from the requirements)

· 3GPP did not conclude on which of these two approaches is preferable during the Study Item and will resolve the issue for each requirement during the Work Item
The SI also investigated TX ACLR and RX blocking for an application in which a legacy downtilt antenna was replaced by an AAS downtilt antenna and no impact to average and 5th percentile throughputs were observed. The full TR containing all of the information should be referred to in order that the information is available. It shall be pointed out that the SI only studied a macro BS network, other cases such as micro will be handled in the WI.
The AAS Work Item

The AAS Work Item was approved at RAN#59, and work has commenced in this meeting. ITU-R ask for information on activities relating to AAS, and thus the scope and timescales of the WI should be communicated to ITU-R
· Production of a complete set of core RF specifications for AAS (i.e. definition of parameters and tolerances)
· A complete suite of test methods for demonstrating requirement compliance

· Covering wide area, medium range and local area basestation classes

· TBC on how to cover MSR and LTE

· For completion in in Q2 2014
In addition to the goals and contents of the WI, if it is possible during RAN4#66bis or RAN4#67 to make any initial conclusions that are relevant to ITU-R, it would be useful to communicate these in addition. With this goal in mind, we propose to discuss transmit power and spurious emissions in [2] and [3].

Regarding spurious emissions, our conclusion is that out of band emissions can be divided into two types; those that are fully correlated and those that are fully uncorrelated. The emissions that are fully uncorrelated can be treated as uncorrelated between the transceiver chains. Thus contributions to spurious emissions are power additive and experience element, but not array gain. 
We also propose in [2] the concept of virtual antenna ports. Requirements can be set per virtual antenna port, and an equivalent array gain can potentially be defined for each virtual antenna port.

Element gain may be unpredictable in the spurious domain, but is unlikely to exceed the in-band gain. Thus in this case, our proposal is that a maximum allowable spurious emissions EIRP is defined in the far field based on the current baseline and a declared equivalent antenna port gain. However for any given antenna array it is quite straightforward to scale the EIRP requirement by the maximum expected element gain and the number of elements in order that a conducted test can be defined.
Our proposal is that we can inform ITU-R of the following:

· Out of band spurious emissions that are far from the carrier do not experience beamforming effects and add up in power

· Some emissions close to the carrier may experience a degree of beamforming, 3GPP will consider further the importance of this and devise appropriate requirements
· For the uncorrelated spurious emissions, it is straightforward to define a conducted test
The 3GPP requirement on total transmit power does not specify the total transmit power itself, but rather the accuracy with which the actually achieved maximum transmit power reaches the declared output power. In an AAS system, the total output power will be a combination of all of the array. Furthermore, the accuracy with which the radiated power meets the declared power will depend on the variation between the transceivers and also between the antenna elements. Radiated power can be measured as either EIRP (i.e. maximum power in the main beam) or TRP (i.e. the total amount of power radiated in all directions). [2] discussed how EIRP is difficult to define and somewhat application dependent, but proposes a “virtual antenna port” definition to achieve a definition of TX power. On the other hand, TRP is easily defined, but may not be so straightforward to test and provides even less information about coverage. 
· A requirement on the accuracy with which the declared TX power is achieved can be defined as an accuracy requirement on the radiated power. Such a requirement captures the quality of the transceiver chains, antenna elements and the integration of the transceivers and elements.

3 Conclusion

This document outlines information that can potentially be sent to ITU-R WP 5D in response to their incoming LS, relating to the SI and the WI. If possible, early information from the WI should be incorporated into the response. Since ITU-R does not require the response until July, it makes sense to check what can be agreed during this and the next RAN4 meetings and whether this is useful to communicate to ITU-R. Our general proposals for information to include are:
Proposal 1: Include general information on models used for passive antennas, and inform ITU-R that 3GPP has no activities relating to passive antennas

Proposal 2: Indicate to ITU-R that 3GPP has completed a SI and summarize the important conclusions and discussions from the SI

Proposal 3: Summarize the goals and timescales for the WI

Proposal 4: Consider at RAN4#67 inclusion of initial considerations relation to spurious emissions and maximum TX power
A draft example response LS is included in the Appendix
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1. Overall Description:

RAN4 would like to thank ITU-R WP 5D for their LS entitled “TECHNICAL AND OPERATIONAL ASPECTS OF PASSIVE AND ACTIVE BASE STATION ANTENNAS FOR IMT SYSTEMS”. RAN4 hereby provides information on activites completed and underway and some initial conclusions in 3GPP RAN4.

Passive antenna systems
Passive antenna systems are traditionally not covered by 3GPP specifications and RAN4 is not working on specifications relating to passive antenna systems. However as part of the recently closed Active Antenna System Study Item, RAN4 derived a reference model for a passive antenna, which is documented in [1]. A passive antenna model that has been derived in previous RAN4 work on co-existence is documented in [2].
Recent 3GPP RAN WG4 work on Active Antenna Systems

RAN4 has recently completed a Study on core RF requirements relating to Active Antenna Systems. The results of the study are summarised in [1]. The most important conclusions of the study are as follows:
· The definition of an Active Antenna System was discussed and is captured in the technical report

· Some effects arising in AAS systems were identified that led 3GPP to the conclusion that it is necessary and feasible to produce new specifications for AAS core requirements on parameters and tolerances
· An initial study of the impact of spatially distributed adjacent channel interference in a macro scenario suggested that the spatial distribution of the interference did not significantly impact co-existence. 3GPP will investigated further the extent to which this result can be confirmed in other scenarios.
· Two means to define requirements on an AAS system were identified

· On radiated signals from the whole basestation system, including the antennas themselves

· On signals arising at the interface between the transceiver and antenna connector (i.e. omitting the antennas themselves from the requirements)

· 3GPP did not conclude on which of these two approaches is preferable during the Study Item and will resolve the issue for each requirement during the Work Item

Ongoing and future 3GPP RAN WG4 work on Active Antenna Systems

RAN4 has commenced work on a WI relating to AAS systems with the following goals:

· Production of a complete set of core RF specifications for AAS (i.e. definition of parameters and tolerances)

· A complete suite of tests for demonstrating requirement compliance

· Covering wide area, medium range and local area basestation classes

· For completion in in Q2 2014
During the first stage of the specification work, RAN4 has considered spurious emissions (i.e. unwanted emissions starting at 10MHz separation from the edge of the wanted carrier) and transmit power. Regarding spurious emissions, RAN4 has made the following initial observations:

· Out of band spurious emissions that are far from the carrier and are uncorrelated between transceiver chains do not experience beamforming effects 
· Some emissions close to the carrier may experience a degree of beamforming, 3GPP will consider further the importance of this and how to appropriately define requirements
· For the uncorrelated spurious emissions that are far from the carrier, it is straightforward to define a conducted test. The conducted test can be applied on individual transceivers

· Further study is needed to define how far in frequency from the wanted carrier the emissions can be considered uncorrelated between transceivers.
In relation to transmit power, RAN4 had made the following initial conclusions:

· A requirement on the accuracy with which the declared TX power is achieved can be defined as an accuracy requirement on the radiated power. Such a requirement captures the quality of the transceiver chains, antenna elements, the integration of the transceivers and elements and the beamforming efficiency.
RAN4 will keep ITU WP5D informed about further progress during the development of the AAS specifications
2. Actions:

To ITU-WP5D group.

ACTION: 
3GPP TSG RAN WG4 asks ITU-R WP5D group to take into account the information provided in this LS.
3. Date of Next TSG-??? Meetings:

TSG-??? Meeting #n 
9th – 13th July 2001
Dresden, Germany.
TSG-??? Meeting #n+1
15th – 19th October 2001
U.K.
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