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1 Introduction

This document discusses FD-MIMO, AAS and non AAS and the relationship between them. Since the document touches aspects of both AAS and FD-MIMO, it is not entirely clear which AI should be used for discussion. The document has therefore been submitted twice; once for the AAS AI and once for the FD-MIMO AI. All information is relevant to presentation under both Agenda Items, although the AAS AI should focus more on the AAS aspects and the FD-MIMO WI on the overall aspects.

In parallel with the development of AAS specifications in RAN4, RAN1 has developed extensions to the LTE MIMO framework known as FD-MIMO. At the start of the RAN1 FD-MIMO WI, connections to the RAN4 work was discussed. There will clearly be RAN4 demodulation work relating to FD-MIMO, and this work is captured within the TU allocated for the FD-MIMO WI. Implications to UE RF are not foreseen [1]. The implications to basestation RF requirements were discussed in the RAN4 AAS Ad-Hoc and in Beijing and a Way Forward was agreed [2]:
· Identification of the specific work on FD-MIMO WI in addition to AAS WI
· Scope of xx.104 on specifically the number of supported antenna ports & beamformed CSI-RS needs to be clarified.
· The almost all Core requirements for FD-MIMO can be covered by within current AAS WI scope except for Tx signal quality.
· This would allow some types of FD-MIMO implementations. Further work in future WI e.g. OTA testing, receiver requirements may will be needed to enable all implementations. 
· The signal quality needs to be studieds while available TU for AAS WI does not allow to do it.
· Note that the possible impact on Tx signal quality comes from  is only when the supported number of antenna CSI-RS ports to be is more than 8, the CSI-RS are beam shaped, or with the extended number of DMRS ports. Technical justification for this is yet to be presented but is not within the current AAS WI scope.
·  Way forward
· RAN4 addresses completion of the whole requirements [with the possible exception of Tx signal quality] for FD-MIMO within current AAS WI in the following manner.
· The work for AAS and FD-MIMO expect except for tx signal quality for more than 8 CSI-RS ports, CSI-RS beam shaping and extended number of DMRS ports is the 1st priority.
· In case, the completion of the requirements for more than 8 CSI-RS ports , CSI-RS beam shaping and extended number of DMRS ports is not achieved, the remaining work would be addressed in Rel-14 onwards if necessary.
· In the absence of further investigation on Tx signal quality, the rel-13 AAS BS specification will be deemed applicable to all FD-MIMO BS devices that can be built to fulfil it. It is noted that the result of further investigations may affect signal quality requirements in future releases, but such changes shall not affect products compliant to release-13.
Both AAS and FD-MIMO are now drawing to a close. This document considers the suitability of the RAN4 AAS specification for FD-MIMO and the clarification to 36/37.104.
2 Discussion

The principle implication of FD-MIMO to basestation RF specifications is that the number of active transmitters required at the basestation is increased. This is due to an increase in the number of RAN1 “antenna ports” (known in RAN4 as AAS-ETAC). Although it is not strictly linked to downlink functionality, it is reasonable to expect that basestations implementing a larger number of transmitters will also implement a larger number of receivers.

In order to ensure stable and acceptable coexistence and network performance, the basestation specifications must take care of a number of aspects; they must ensure that unwanted emissions and power levels are managed, that TX signal quality is an acceptable minimum, that co-location is ensured if needed, that receiver sensitivity is acceptable, that receivers performance is not substantially impacted by blockers and interferers, and that minimum demodulation performance requirements are met.
The AAS WI has addressed many of these topics. In particular, a limit on emissions has been set (although it has been noted that the limit may be reconsidered with a higher number of RAN1 ports), the impact of intra-array coupling has been addressed and in current deployment scenarios receiver requirements have been checked and seen as acceptable.

The AAS WI has not investigated whether the signal quality requirements provide adequate performance for FD-MIMO, and in the way forward that is not envisaged to be within the scope of the AAS WI. Furthermore, the AAS WI has not considered whether any new requirements might be applicable for FD-MIMO array systems. Examples of new requirements could include requirements on transient behavior of transceivers (due to larger dynamic range of beamforming weight setting etc.), “beam quality” requirements (ensuring that grating lobes etc. are well managed) etc. The intention of this paper is not to propose any new requirements; merely to note the lack of discussion or study. Furthermore, the AAS WI has not considered whether FD-MIMO deployment scenarios could differ substantially from existing deployment scenarios in a manner that could impact requirements (blocking levels etc.)

Observation 1: The AAS WI has ensured that existing requirements (apart from signal quality ones) are suitable for network performance for FD-MIMO in existing deployment scenarios. It has not considered signal quality, whether any new requirements should arise to cover FD-MIMO behavior or whether the envisaged deployment scenarios are appropriate for all types of FD-MIMO deployment.
A further issue with the current WI is that only two requirements are OTA and whole system requirements. The conducted requirements continue to in the main apply to individual radios (although the unwanted emissions and RS power requirements have been adjusted to allow for more flexibility in system design). Requiring all transceivers in a large array to meet exactly the same EVM, sensitivity, blocking etc. as a single large transmitter will artificially constrain system design and likely lead to overdimensioned radio design. Furthermore, incorporation of connectors (TAB connectors) is still needed, which can have cost and performance implications. Thus the current AAS specification is not yet entirely suitable for building commercially successful large arrays. The exact size of an array for which the spec is not suitable is not stated here; there is some risk that 16TX arrays may be at least suboptimal when conforming to release 13 AAS when compared to conforming to a specification with all OTA, system level requirements.

Observation 2: The AAS specification may unnecessarily constrain design of large arrays.

Despite the observations 1 and 2, we do not propose at this stage that additional work is needed on the release 13 AAS specification in order to capture FD-MIMO; the release 13 specification will enable some types of (potentially sub-optimal) implementation with an absolute minimum of requirements.

A second consideration is the scope of the existing non AAS specifications. If the scope is unclarified, then it will be unclear whether FD-MIMO should be type approved as AAS or non AAS. It would also be unclear how a non AAS FD-MIMO would look; presumably it would have 16 antenna connectors with the ability to connect to unknown antennas.

At least 4 approaches to the non AAS specifications can be envisaged:

(1)
Explicitly state that the 104 specification is only valid for systems with up to 8 TX/RX

(2)
Explicitly state that the 104 specification is not valid for systems implementing more than 8 RAN1 antenna ports

(3)
Allow FD-MIMO functionality in 104, but introduce a total emissions limit to 104 in a similar manner to AAS

(4)
Despite the WF, do not clarify the scope of 104

(1) Would be a simple option, although it may have a problem if >8TX non AAS BS are envisaged. (2) would create clarity as to how FD-MIMO should be type approved, however it would have the disadvantage of necessitating the scope of the RF specification to be linked to RAN1 functionality (This could be argued to already be the case in some cases; e.g. for WCDMA, additional RF requirements exist for MIMO, for all specs additional requirement exist for higher modulation order etc.). (3) would not create clarity as to which specification should be used for FD-MIMO, but would ensure that, very importantly, emissions are properly managed. (4) would not be in line with the WF, and would have the disadvantage that emissions would not be managed for FD-MIMO BS.
In order to decide on which approach is suitable and suitable clarify the non AAS specifications, RAN4 should discuss and conclude on the following questions:

· Is OTA testing always needed for FD-MIMO BS ? 

· If so, then FD-MIMO should be type approved using AAS

· If not, then it should be clarified under which circumstances OTA testing would not be needed

· Is it acceptable to continue to have emissions “limits” in the non AAS specifications that increase linearly with the number of connectors ?

· If not, then at least option (3) should be implemented (Potentially with discussion on whether the limit should be kept at 8 or not)

· If so, then it would be useful to clarify why it is acceptable for the emissions not to be limited with increased array size

· If emissions are limited, is the limit in AAS sufficient or does the limit need to be considered further ?
3 Conclusion

In order to properly implement the WF agreed in Beijing, the following questions should be considered by RAN4:
In order to decide on which approach is suitable and suitable clarify the non AAS specifications, RAN4 should discuss and conclude on the following questions:

· Is OTA testing always needed for FD-MIMO BS ? 

· If so, then FD-MIMO should be type approved using AAS

· If not, then it should be clarified under which circumstances OTA testing would not be needed

· Is it acceptable to continue to have emissions “limits” in the non AAS specifications that increase linearly with the number of connectors ?

· If not, then at least option (3) should be implemented (Potentially with discussion on whether the limit should be kept at 8 or not)

· If so, then it would be useful to clarify why it is acceptable for the emissions not to be limited with increased array size

· If emissions are limited, is the limit in AAS sufficient or does the limit need to be considered further ?
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