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1 Introduction
In the past few meetings there have been many contributions on the subject of scaling the UEM requirements by the a factor N.
The purpose of the scaling factor N is to give some sort of equivalence between a non-AAS BS and an AAS BS as an AAS BS as a black box may have functionality which is equivalent to a large number of non-AAS BS (or non AAS TRX).

A WF was attempted [1], which was not approved but nonetheless captured the differences between the proposed methods in general terms.

A paper [2] was also presented which included the additional use case of cell splitting, which presents another possible way to share AAS resource and which also may need to be taken into account when considering the scaling factor N.

This paper attempts to summarize our current thinking on each often options and also tries to look at the problem for a different perspective which has been introduced in [3].
2  Discussion
The proposals so far examined for defining N can be separated into 3 options:

1. Set N to the maximum MIMO capability of the system 

2. Set N to the minimum MIMO capability of the system

3. Set N to a fixed agreed value
Whilst this is a simplification of the arguments used the result tends to be one of the above.

In addition there is still no clear definition of the AAS MIMO capability, depending on the definition of MIMO capability will depend if the definition of N becomes option 1 or 2.

2.1 Current options - analysis

Option1
If N is somehow defined as the maximum capability of the BS then this can be interpreted 2 ways:
· The RF is treated independently of the BB, hence the maximum MIMO capability of the AAS is simply the number of transceiver units.
· The BB is included in the definition and the number of MIMO branches is limited by the BB capability

· Today this could be interpreted as 8 (as this is maximum number of spatial streams defined in RAN1)

· In future the limit is bounded by RAN1 requirements – currently 64 way MIMO is being discussed!
· The BB HW may have limited capability only enabling it to process fewer than the RAN1 maximum MIMO streams.

As it is advantageous for N to be as large as possible (as UEM requirements become easier) then it is likely that this type of specification will result in N being at the high end of the range.

One problem is that this option is somewhat uncapped at the top end. Whilst it is possible to defend equivalence between a 4x4 non-AAS system and an AAS system with capability to have 4 MIMO branches, it is much harder to understand what a 64 branch MIMO AAS (or non AAS) will look like. Also it is hard to imagine that a value of N of 64 is acceptable in terms of the interference it may allow.

For this option to be used it would seem to be a necessity to cap it at the number of MIMO layers used today (i.e. 8)

Option 2

If N is defined as the minimum number of MIMO channels the AAS is capable then this is the same as setting N to 2 (or the number of polarisations the AAS uses as it can be assumed that at least the 2 polarisations are treated separately), as the RAN 1 MIMO options always include single layer MIMO.

Hence option 2 effectively results in N equalling 2. 

Whilst robust this does not really achieved the desired outcome as it does not achieve equivalence with today’s non-AAS systems. As a 4x4 MIMO system today can also operate with single layer beam forming under RAN1, however the RF requirements effectively still has a value of N as 4.

Option 3

Option 3 takes a more pragmatic approach as neither option 1 or 2 seem to offer a suitable method option 3 merely fixes the number at a level which is equivalent to the commonly used systems in the field today. Deployed systems today use a maximum MIMO of 4x4, hence to ensure that and AAS does not generate UEM in excess of systems we know today perform at an acceptable level – we simply fix the level (4 has been suggested but is not the only option).

One problem highlighted is that if the AAS is not capable of as many as 4 MIMO branches then its performance will be worse than an equivalent non-AAS, although a simple solution to this has been suggested as the number being; for example, 4 or the minimum number of TRX units available. With this modification then this worry seems to be alleviated.

Possible solution

The current options almost simplify to; option 1. N=8, option 2. N=2 and option 3. N=4(TBC).

As the options really all seem to end in the value of N being a fixed number then option 3 seems like a sensible approach, where N is either 2,4 or 8. 

One option may be to have N as a fixed declarable parameter.  That way the AAS performance and conformance test procedure is easy to identify and understand. If there are regional or regulatory restrictions on N then that may offer an non 3GPP restriction on the declaration.

However even with this technique it is hard to see how the issue of cell splitting is dealt with, also does not really help with the issue of evaluating equivalence which may be needed for other requirements.

2.2 Further analysis

Although N has been discussed with only the UEM requirements in mind, many of the AAS requirements require argumentation to achieve equivalence with non-AAS BS. Output power definition [3]and co-location IMD [4] are 2 others which have been identified as such.

Hence it still would be useful to have a more usable definition of N which can be used to refer to the entire AAS equivalence and also be able to deal with issues such as cell splitting.

In [3], it has been suggested that equivalence should be referred to the use cases and the simulation assumptions used in deriving many of the key specification parameters (ALCR, blocking levels are both based on some Macro scenario assumptions on antenna gain, output power etc).

The proposal is to link the AAS capability to its output power capability. This involves agreeing an output power level which represents a typical macro cell MIMO branch. The obvious example is that 43dBm is used in the simulations done so far.

Using output power capability to define N makes some sense when looking at some of the issues highlighted by the other 3 options:
Bounding of N at upper limit: 

Non-AAS systems add new transceiver units to go from 2x2 to 4x4 to 8x8 MIMO etc. Each has its own UEM requirement but also each comes with an output power capability. If each spatial branch is to cover the same cell then it is likely to be of equivalent power. Hence the power scales with the MIMO capability. The same could be said of AAS. However in this case the maximum power puts a practical bound on the upper end, i.e. it is unlikely that a 64 MIMO AAS with 1.2kW of RF power would be practical. 
Split Cell applications

One application for AAS is that with a single piece of hardware a number of cells could be generated. These could be cells split in azimuth or in elevation. 

Once again however using non-AAS solutions when new cells are added so are new non-AAS transceivers and with then additional emissions and wanted transmitter power. 

Once again for an AAS to have equivalent coverage then it would be expected to have similar output power, a single AAS with a conformal antenna for example may provide all 3 sectors for a tri-sectored site. As such the equivalence with 3 (or more if MIMO is used) non-AAS BS is clear. However the AAS may be a single piece of hardware. However for the AAS to be truly equivalent the 3 sectors would be expected to have similar power to the non-AAS case – so once again scaling N with respect to output power to achieve equivalence makes sense.

Low power AAS

Some applications of large AAS use the available antenna gain to improve the link budget between the BS and the UE. This improvement could be used to lower the AAS power. Under these circumstances an equivalent performing AAS may have less power than the same non-AAS. This is true, however the assumption means the AAS N value may be lower than expected, hence its UEM requirement will be lower than an equivalent non-AAS. This of course is of course what is needed to ensure the most important part of the equivalence, that the AAS is no worse than the non-AAS.
Also if the AAS is of lower power then it should be easier to meet the UEM requirements. 

Hence the approach makes sense in this instance also.

3 Summary

The exiting options for finding a scaling value N for UEM have been examined and simplified to identify the likely outcome of the definitions on the AAS requirements. The analysis of the existing proposals shows that each effectively results in N being a fixed number, hence in reality option 3 offers a more sensible approach. The possibility of making N a fixed but declared value was also raised.
As none of the existing proposals really offer a good solution to the problem an alternative approach based on the AAS power capability has been investigated. The new approach has been tested against some of the major problems with the other methods and is found to offer sensible solutions.
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