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1 Introduction
A new WI [1] has been approved  in RAN-68 for RAN1 on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE. It was concluded not to have BS RF requirements covered by that WI as the similar activity is ongoing in AAS WI.
The RAN4 chairman has requested that this issue is investigated in the RAN4 AAS Ad-hoc so that RAN-69 can discuss if more work is required outside the existing AAS WI in RAN4.

This paper discusses our understanding of the new WI and how it affects the AAS WI for Rel-13.

2 Discussion

The new WI is based on the result for the study item [2]on the same subject which concluded:

-
Non-precoded, beamformed, and hybrid CSI-RS based schemes demonstrate significant throughput gain in realistic non-full buffer traffic models over the best baseline using implementation based enhancements in many scenarios 
-
The best choice between these schemes may depend on factors including the number of TXRUs
-
Non-codebook based CSI reporting is beneficial for EB/FD-MIMO compared to the best baseline using implementation based enhancements.
-
SRS enhancement is beneficial for EB/FD-MIMO compared to the best baseline using implementation based enhancements.
-
From the performance perspective, DMRS enhancements are beneficial for EB/FD-MIMO.

 Whilst the study item looked at TRX number up to 64, the WI is focusing on 12 and 16 CSI-RS ports using full-port mapping, i.e., number of TRX is 12 and 16 (in addition to the existing requirements. The objectives in [1] are:
The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 

· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Beamformed CSI-RS

· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

· Specify higher layer support of enhancements listed above [RAN2]

· Specify the necessary UE (if any) core requirements [RAN4]

Impact on UE and eNB complexity should be taken into account. 

eNB core requirements for EBF/FD-MIMO with active antennas will be specified in the AAS WI [AAS_BS_LTE_UTRA]. RAN4 should identify until RAN#69 whether there is a need for additional eNB core requirements that are not addressed in the AAS WI. 

The enhancements suggested are on the reference signal and CSI reporting. The reference signal will possibly affect the BS and therefore the AAS BS.

2.1 Effect on BS

The key points from a BS perspective are:

· The objective states that the number of CSI-RS ports will be increased to 12 and 16.  It also states that it will use full port mapping.

· This implies that at least 16 TRX’s will be required to transmit the CSI-RS ports. 

· The maximum number of ‘layers’ remains at 8. 

The implication being that the additional CSI-RS ports and resulting reports will be used for channel pre-coding (beam forming) not for additional layers.

2.2 Effect on AAS

Currently the AAS WI is attempting to transform the requirements for a multi-layer (MIMO) non-AAS system which may consist of a number of non-AAS TRX equal to the number of layers it can support, to a black box requirement where the number of Transceiver units is not directly connected to the black box requirements.

This is being done on the principle of ‘equivalence’ between the non-AAS system and the AAS [3]. It is for this purpose the concept of the AAS- Equivalent Transmitter Antenna Connector (AAS_ETAC) has been derived [4] in order to make it possible to declare this equivalence.
The current definition of the AAS-ETAC is 

AAS Equivalent transmitter antenna connector (AAS-ETAC):
For E-UTRA a AAS-ETAC is defined such that the channel over which a symbol on the AAS-ETAC is conveyed can be inferred from the channel over which another symbol on the same AAS-ETAC is conveyed. The number of AAS-ETAC supported is:

(The number of transmission layers for spatial multiplexing) * 
(the number of transmission layers for transmit diversity if used or 1 if no transmit diversity is used)

For UTRA a AAS-ETAC is FFS 
This does not account for multicarrier capabilities in the number of AAS-ETAC [4].
The Unwanted emission limit specified per non AAS Tx antenna connector [per band per cell] is adopted as Unwanted Emissions requirement per AAS-ETAC.

This implies the total emissions from the AAS [per band per cell] does not exceed the number of AAS-ETAC multiplied by the non-AAS unwanted emissions requirement. 
The use of the AAS-ETAC is to allow the ‘scaling’ of the AAS RAN4 requirements. Currently this is limited to Unwanted Emissions (UEM), although it is possible it may be suitable for some other transmitter requirements.

It is a concern however that the technique of equivalence on applies when there is a non-AAS system which the AAS can be ‘equivalent’ to, as there are no non-AAS systems current being deployed which require greater than 8 TRX’s.

Currently (REL12) a non-AAS system can have up to 8 layers – requiring 8 non-AAS TRX’s. Hence as part of the agreed definition the following proviso was added in the introductory text:

The agreed proposal is understood to be applicable for the E-UTRA MIMO functionality defined in the release 12 version of the RAN1 specifications. It is not agreed to be scalable to larger numbers of  ”AAS Equivalent transmitter antenna connector” in case RAN1 would define such new functionality during release 13.

Based on the methodology of deriving the AAS specifications this seems a reasonable provision.
2.3 AAS and EBF/FD MIMO WI

The number of layers for equivalence for the AAS are use to set limits on the RF requirements, the primary one of these being unwanted emissions.

For example an AAS which has 8 AAS-ETAC capability declared:

· Must have 8 (or  more) transceiver units in the transceiver unit array.

· Has a total UEM requirement 8* the xx.104 requirements.

· Must be able to generate 8 layers
There is no upper limit on the number of transceiver units in the transceiver unit array however. The limit imposed by restricting to the RAN1 REL12  functionality of 8 layers applies only to the requirement on the total emissions.
If an AAS has for example 32 transceiver units in the transceiver unit array, and has 8 AAS-ETAC capability the following could be said:
· Has a total UEM requirement 8* the xx.104 requirements.

· Will be capable of Supporting 16 CSI-RS ports.
The key point being that the RF requirement has a limit placed upon it by the REl12 RAN1 functionality, but the functionality itself is not limited to REL12 RAN1 functionality. As that additional capability will in no way effect the emissions or any other RF parameter from the AAS.

Hence for the REL13 AAS specification we believe that the current restriction is sufficient to ensure equivalence but should not be used to prevent additional functionality. The provision should perhaps be modified to clarify this point.
The agreed proposal is understood to be applicable for the E-UTRA MIMO functionality defined in the release 12 version of the RAN1 specifications. It is not agreed to be scalable to larger numbers of  ”AAS Equivalent transmitter antenna connector” in case RAN1 would define such new functionality during release 13.
The number of AAS-ETAC, and the limit applied by the REL12 restriction, apply to the scaling of the RF requirements only and not the RAN1 functionality in later releases.
2.4 REL14 AAS 
The current AAS requirements are limited by the equivalence principle used today. If higher order MIMO systems – both AAS and non-AAS are deployed then this may be readdressed in later releases.
3 Summary

The following points have been highlighted:

· The current equivalency principle used in the AAS WI still holds and is not affected by the EBF/FD MIMO WI

· The Limit on number of AAS-ETAC based on Ran1 REL12 functionality prevents the equivalency proposal being broken

· The limit on number of AAS-ETAC applies to the RF requirements only – not the actual functionality of the AAS. REL13 (and onwards) functionality should be allowed.
· A minor change in the provision on the number of declared AAS-ETAC (which is already been approved)  will allow the REl13 AAS work to continue without disruption.

· EBF/FD MIMO functionality should be not be prevented on a REL13 AAS (providing the AAS is suitable for such functionality and still meet the R13 RF requirement).
· Expansion of the RF requirements beyond the current number of AAS-ETAC may be readdressed in later Releases if required.
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