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1 Introduction

The purpose of this document is to provide some comments on open issues for the conducted TX requirements. The scope of the document is to cover both the conducted power dynamics requirements, the TDD OFF requirements and the signal quality requirements.
For the power dynamics requirements and the TX OFF requirements, it is not planned in this meeting to approve specification text. However there are some important issues with these requirements that should be discussed further and decided. Several of these relate in particular to the impact of per transmitter vs summation over all transmitters requirements on the signal behavior experienced by UEs (which impacts UE demodulation performance), and so this issue is discussed in a separate section.
2 The impact of per transmitter and sum requirements on network performance
For the UEM requirements, it has been agreed that the requirement can be met either at individual transmitters (with a scaling applied to the requirement level) or as a sum across all applicable transmitters. It might be postulated that this approach could be used for other requirements that are capturing on power levels rather than more detailed aspects of the test signals.

A key advantage of AAS implementations is that such implementations can be used to provide beamforming. For E-UTRA, beamforming may be UE specific and based on DM-RS. For both E-UTRA and UTRA, cell specific beamforming may be applied.

It has been a general principle of the AAS WI that there should be some form of “equivalence” between AAS and non AAS. Our understanding of “equivalence” is that if an AAS is deployed in place of a non AAS, then the UE demodulation and network throughput performance expected from a BS meeting the requirements should not be worse if a non AAS would be replaced with an AAS that has the same coverage pattern.

Observation 1: “Equivalence” should imply that demodulation performance at the UE should not be impacted by replacing an AAS with a non AAS.
In order to consider whether a requirement is “equivalent” or not, it is important to consider the performance issue that the requirement is intended to regulate.

For unwanted emissions, the performance issue is co-existence with other systems. During the Study Item, the observation was documented that the spatial pattern of unwanted emissions may differ from the wanted signal, which is different to non AAS behavior. During the SI and the WI, an extensive program of network system level simulations was performed to determine whether it might be expected that differences in the emissions spatial pattern could lead to impacts on co-existence related KPIs such as throughput losses. The results demonstrated that the spatial pattern has no impact. The reason that there is no impact is that the throughput loss is an averaged metric, and thus redistributing the interference and associated victim throughput losses in space around an aggressor BS has no impact on the average victim loss. Of course, the total amount of emissions power directly impacts the average victim throughput loss.
In general, it is reasonable to assume that when the issue being regulated by a requirement is a signal level around the whole coverage area of a BS, then it is fine for a requirement to be based on a summation of transceiver outputs. This is the case for emissions related requirements.

Observation 2: The “sum” approach to requirements is generally applicable where the reason for applying the requirement is to regulate power radiated in all directions from the AAS, with no importance being attached to differences in the signal structure or spatial pattern compared to non AAS.
For other requirements, however the issue is the signal level at specific UEs. In this case, beamforming is applied to the wanted signal. Beamforming consists of the application of amplitude and phase weights in order to produce a desired beam pattern.

Application of a sum based requirement allows for some transmitters to overshoot the requirement, whilst other transmitters undershoot the requirement. Figure 1 shows a situation in which a specific beamforming pattern is applied. Some requirement (such as a power control dynamics requirement) regulates the amount of difference between wanted and actual power that can exist. If the requirement is applied as a sum, the variation between transmitters can be larger than if the requirement is applied per transmitter. 
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Figure 1 Example of requirement regulated uncertainty of beam pattern
Unwanted variations in power that differ between transmitters is in effect an alteration of the amplitude weighting pattern, which will lead to a change in the beamforming pattern. A change in the beamforming pattern is something that can only occur for an AAS and not for a non AAS. In case the change in beamforming pattern impacts the signal structure experienced by the UE, then the AAS may potentially cause changes in the demodulation performance of the UE and network throughput performance.

Observation 3: Applying a “sum” requirement can lead to greater variations of expected spatial patterns than applying individual requirements.
3 Power dynamics related requirements
3.1 P-CPICH and RS accuracy

25 and 36.104 contain requirements relating to the accuracy with which P-CPICH and RS power should be met. The requirements are in place in order that UEs can rely on the pilot/RS channel for making absolute channel estimations for demodulation purposes.
The P-CPICH and RS are cell wide signals. Where they are used for demodulation, then the signal to be demodulated must also be a cell wide signal. It is therefore of high importance that the beamforming pattern of both the pilot and RS and the data signal to be demodulated is identical; failure to have identical patterns will lead to incorrect channel estimates and poor demodulation.

To have identical beamforming patterns, the pilot/RS and data must each have the same applied amplitude and phase weighting at each antenna. For UTRA and E-UTRA operating with CRS based TMs, all signals are transmitted on a cell wide basis, for which the pilot/RS are used for demodulation. To keep the same amplitude weightings between the pilot/CRS and other channels, the ratio between the pilot/RS power and the total power needs to be exactly the same at every transmitter.

If a sum requirement is applied to the pilot power, then potentially there will be more scope for the pilot power in relation to the total power to vary between transmitters and thus for the pilot/RS to form a poor reference for channel estimates, degrading UE and network performance.

Thus in principle, the P-CIPCH and RS accuracy requirements should be individual transmitter based. However, we note that the requirement is quite large and is uncorrelated to the overall TX power accuracy requirement. Since the requirements allow for the variation to anyhow be large, then sum based requirements could potentially be considered as an alternative option to individual requirements.

Proposal 1: The baseline P-CPICH and RS accuracy requirements should be per transceiver and as in 25/36.104. Consider further whether summation can also be applicable, considering that the requirement is quite wide.
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Figure 2 The impact of differing per transceiver power uncertainty on RS and PDSCH
3.2 UMTS power control related requirements

In 25.104, requirements exist on the accuracy of UMTS power control. Power control is applied to the downlink DPDCH based on UL TPC commands. The DPDCH is demodulated based on the P-CPICH. It is therefore essential that the DPDCH and P-CPICH have the same beamforming weights. If power control is applied to the DPDCH and the requirement is to meet the DPDCH power as a sum across transceivers, then greater variation of the difference between wanted and individual PC steps between transceivers is allowed for. This can lead to greater variation in the differences between expected and actual amplitude weights, which will corrupt the beam pattern for the DPDCH compared to the P-CPICH. This will in turn lead to a worse demodulation performance that would be experienced from a non AAS.
So the power control accuracy requirements should in principle also be applied to each individual transmitter in order to guarantee equivalent performance between AAS and non AAS. 
Similarly to P-CPICH accuracy, since the requirement can allow for several dB of variation anyhow, the practical impact of allowing for a sum option in the specifications can be discussed further.

Proposal 2: The baseline UMTS power control requirements should be per transceiver and as in 25.104. Consider further whether summation can also be applicable, considering that the requirement is quite wide.
3.3 E-UTRA RE power offset requirement
The E-UTRA RE power offset requirement places a minimum requirement on the supportable difference between RE power and the average power for a carrier.

For all non DM-RS transmit modes, the same beamforming pattern is used for all REs and the CRS. Thus, the same relative amplitude weights must be applied to all REs of a PDSCH. In order that the same relative amplitude weighting factor can be applied, all REs must be capable to be transmitted with the same power offset. The E-UTRA power offset will therefore be determined by the transmitter with the minimum available power offset.

With a per transceiver requirement, the minimum power offset per transceiver will be the same. With a sum requirement, the minimum power offset will be unknown, since one transceiver could compensate for a low range of RE power offset at another transceiver by an unknown amount.

It therefore seems that for this requirement, per transmitter application is essential and per sum application cannot guarantee equivalent performance with the same maximum power offset as a non AAS.

It should be noted, however that according to 36.141, this requirement is not subjected to any conformance testing. 

Proposal 3: The E-UTRA RE power offset requirement should be applied per transceiver. 

Proposal 4: The AAS conformance specification should not mandate any test for RE offset, since no test is applicable in 36.141.
3.4 E-UTRA and UTRA total power dynamic range requirements

These requirements relate to the maximum variation of the total power of the BS. A similar consideration applies here as for the RE power offset requirement; in order to maintain the relative amplitude weights (to keep the beamforming pattern between CRS/P-CPICH and other signals the same) all transmitters must decrease power by the same amount. Thus the power dynamic capability of the AAS will be limited by the transmitter with the smallest dynamic range. This implies that the requirement must be applied per transmitter. 
Proposal 5: The UTRA and E-UTRA total power dynamic range requirements should be applied per transmitter with the same requirement as in 25/36.104.
3.5 TDD OFF power

The TDD OFF power requirements for UTRA and E-UTRA ensure a sufficient reduction of interference from the transmitter during periods of reception. Interactions between the transmitters and receivers will be very dependent on the design of individual arrays, but will take place in the near field. Although not proven, it is reasonable to expect in this case that the interference to the receiver will depend on total power at the transmitters but not the beam shape; indeed the beam shape may be ill defined if the transmitters are in principle switched off. Thus this requirement can be justified to be treated in the same manner as UEM.

Similarly to UEM, some kind of scaling may be considered. A ceiling should also be placed on the OFF power, since clearly for a large array an excessive amount of TX OFF power would destroy the performance of the receivers. Since the TDD OFF power relates to power from transmitters, scaling according to the  number of transmitters, rather than receivers seems appropriate.

Proposal 6: Individual or sum requirements could both be argued to be applicable for TDD OFF power. The requirement should be as for UEM; an option of either

Proposal 7: Scaling should be applied for TDD OFF power using the same procedure as for UEM.
4 Signal quality requirements
This section captures Ericsson comments on the draft text provided for the signal quality requirements (section 6.5) as of Monday 5th October. It may be that the discussion has moved on since the comments were provided at the submission deadline time.
The main comment relates to the “Timing Alignment Error” (TAE) requirement. Currently, in the TR it is agreed that the TAE requirement is placed between “different WCDMA or LTE signals”. The TR then further clarifies that for the purpose of conformance testing, the mapping of AAT-ETACs to transmitters shall be declared and testing performed between representative transmitters.

Given that “different WCDMA or LTE signals” will be different AAS-ETACs, and also that it is agreed that testing is performed based on AAS-ETACs, it would appear to make sense to place the core requirement on the time difference between AAS-ETACs. We propose to consider to use this more specific wording in the core text and await comments as to whether there are any reasons why using “AAS-ETAC” could be unsuitable.
5 Conclusion

When considering the differences between sum and individual requirements, it is very important to consider the impact of each on the achieved spatial pattern during beamforming and the signal mix viewed by the UE. In particular, if the pilot/RS beamforming and beamforming of signals to be demodulated differ, then demodulation performance at UEs will be degraded and network performance with AAS will degrade compared to non AAS.

Proposal 1: The baseline P-CPICH and RS accuracy requirements should be per transceiver and as in 25/36.104. Consider further whether summation can also be applicable, considering that the requirement is quite wide.
Proposal 2: The baseline UMTS power control requirements should be per transceiver and as in 25.104. Consider further whether summation can also be applicable, considering that the requirement is quite wide.
Proposal 3: The E-UTRA RE power offset requirement should be applied per transceiver. 

Proposal 4: The AAS conformance specification should not mandate any test for RE offset, since no test is applicable in 36.141.
Proposal 5: The UTRA and E-UTRA total power dynamic range requirements should be applied per transmitter with the same requirement as in 25/36.104.
Proposal 6: Individual or sum requirements could both be argued to be applicable for TDD OFF power. The requirement should be as for UEM; an option of either

Proposal 7: Scaling should be applied for TDD OFF power using the same procedure as for UEM.
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