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1 Introduction

To complete the AAS WI, remaining issues with conducted requirements should be addressed. This document highlights some remaining conducted requirements issues that should be further considered 
2 Discussion

CRS and P-CPICH TX power

In the current specifications, there are requirements on meeting an absolute CRS/P-CPICH power levels. The requirement states that the CRS/P-CPICH level should be the same as an absolute level that is indicated in the system parameters:
DL RS power is the resource element power of the Downlink Reference Symbol.

The absolute DL RS power is indicated on the DL-SCH. The absolute accuracy is defined as the maximum deviation between the DL RS power indicated on the DL-SCH and the DL RS power of each E-UTRA carrier at the BS antenna connector.
DL RS power of each E-UTRA carrier shall be within ( 2.1 dB of the DL RS power indicated on the DL-SCH
With an AAS array, the power level indicated in the system parameters will apply to the total power on each CRS/P-CPICH from all transceivers in the array. Since (in the case of e.g. cell specific beamforming) several transmitters could be transmitting each CRS, individual transceivers cannot and should not meet the current requirement.

What is important is that the ratio between the carrier transmit power and the CRS/P-CPICH level at a transceiver is achieved. Thus, the absolute requirement on CRS/P-CPICH power should be set relative to the carrier transmit power of the transceiver.

A potential wording for the requirement is as follows:

 DL RS power is the resource element power of the Downlink Reference Symbol.

The absolute DL RS power is indicated on the DL-SCH.  The RS power offset is defined as the difference in dB between the indicated absolute DL RS power and the BS carrier output power. The per AAS transceiver RS power is the sum in dB of the transceiver carrier output power and the RS power offset.

The absolute accuracy is defined as the maximum deviation between the DL per AAS transceiver RS power and the DL RS power of each E-UTRA carrier at the AAS antenna connector.

DL per transceiver RS power of each E-UTRA carrier shall be within ( 2.1 dB of the DL per transceiver AAS power calculated from the value indicated on the DL SCH and the RS power offset.
Note that the same change is required and applicable for UTRA.
UTRA power control dynamic range
The current requirement for UTRA power control dynamic range specifies a minimum and maximum power level with respect to the BS TX power:

Down link (DL) power control dynamic range:

Maximum code domain power:
BS maximum output power - 3 dB or greater

Minimum code domain power:
BS maximum output power - 28 dB or less

For AAS, the DL power control dynamic range requirement should be applicable to the transceiver output power, not the BS output power.

Note that for E-UTRA, the power control dynamic range is defined differently as RE power level relative to the total symbol power, and the E-UTRA requirement does not need adjustment for AAS.
Timing alignment

The TAE requirement has been agreed to be defined between transmitters carrying different LTE or WCDMA signals. The reason for specifying different signals is that what is important is to capture the timing difference between RAN1 antenna ports that are visible to the UE, whilst attempting to measure the time difference between every transmitter would lead to excessive testing with anything other than a small number of transmitters.

A couple of details should be fixed further though in drafting the specification:

· When transmitting multiple carriers and RATs, there is some possibility that the signal may be the same on one carrier /RAT, but differ on other carriers. In general, TAE should apply between transmitters carrying different signals on any carrier

· There may be cases in which different carriers are transmitted from different transceivers but are intended for carrier aggregation. In these cases, the timing alignment between transceivers should apply even if the transceivers are not transmitting on a common carrier.

· The meaning of the term “different” should be clarified as not referring to signals that are the same apart from a phase shift
Intermodulation

As has been discussed in previous meetings, the current TX intermodulation requirement relates to a co-location scenario. In an AAS scenario, it is not clear whether the interferer level for the intermodulation test should scale in proportion to the TX power or remain an absolute constant.

TDD OFF power

The current E-UTRA specification contains a requirement for TDD OFF power (i.e. TX power during TDD UL TTIs), in order to prevent self-interference to a TDD receiver. The current requirement is applicable to each antenna connector, and thus the TDD OFF power will increase with increasing numbers of transceivers. Although the OTA sensitivity requirement will capture self-interference behavior, it is nonetheless preferable and consistent to set the AAS TDD OFF power requirement in such a manner that the allowable transmitter related interference is not unbounded. A sensible manner to do this would be to apply the same scaling to the TDD OFF power requirement per transmitter to that applied to the unwanted emissions requirements.

RX sensitivity

The AAS specifications need to have a reference requirement for conducted receiver sensitivity. It should be noted that the conducted reference sensitivity requirement is quite different to the OTA sensitivity requirement since it does not capture radiated self-interference, antenna effects and combining gains.

The current specifications set a conducted receiver sensitivity requirement per receive antenna port. Although in the conformance spec xx.141 there is provision for testing the conducted sensitivity requirement for a passive multiport antenna system using a splitter (section 4.5.1.1 of 36.141), the requirement always applies to each individual receiver radio.

Thus, with receive diversity, the actual sensitivity that can be obtained by means of combining the output of both radios is 3dB higher than the per radio requirement.

For early AAS systems, combining may be in the radio (and hence would be captured in the current requirements), however it can be envisaged that advanced systems could present 8 or more receive streams to baseband. In such circumstances, given the potentially large amount of combining gain, it is not clear whether and how to map an overall sensitivity requirement after combining for all radios to an individual requirement on each transceiver. It does not, however make sense for large arrays to require the same sensitivity of the BS class at each individual receiver. Some scaling of RX sensitivity may be necessary.
RX spurious emissions

In general, RX spurious emissions are small when the transmitter is activated. Nonetheless, similarly to TX spurious emissions, the current specification sets a limit per transceiver. To provide a sensible requirement that allows for a large number of transceivers, a similar approach could be taken to that proposed for the transmit emissions:

· Assume a scaling factor of N, based on the number of receiver chains assumed for current state of the art basestations

· Meet the receive spurious emissions requirement either by ensuring that the sum of the emissions from each receiver is lower 10log(n/N) + the current requirement (where n is the number of receivers in the AAS).

RX blocking

Analysis in RAN4 thus far has suggested that the RX blocker interference level may be assumed to be the same for AAS basestations, based on an analysis of a macro scenario with 10 transceivers and exactly the same antenna structure for both AAS and non AAS.

Some further thought may need to be given to the wanted signal level for the RX blocking requirement. It is suggested in the section above that applying the same sensitivity requirement to individual radios as is applied for the basestation class may not make sense for large arrays with a significant amount of RX combining. If individual array radios operate with different sensitivity to the current radio requirements, then the wanted signal level will also scale. However, the relationship between wanted signal and reference sensitivity may need to differ if the scaling that is applicable to a large signal that is well above the receiver noise floor would differ to the scaling applicable to a signal at reference sensitivity, which could quite possible be the case.
RX ACS

BS Adjacent Channel Selectivity (which applies for Single RAT UTRA and E-UTRA but not MSR) has not been discussed to a great extent in the AAS work so far. The Adjacent Channel Selectivity requirement differs from blocking in that it relates to throughput degradation due to interference from UEs of an aggressor system rather than dynamic range of the receiver.

In general, receive diversity will can add the wanted signal coherently whilst noise whilst suppressing interference. In AWGN conditions, RX diversity provides 10log(N) gain in SINR. In fading conditions, RX diversity still has the potential to provide a gain in SINR; if there is no interference then with MRC, the SINR is the sum of the SNR at the receivers. If there is interference, but the interference is carried across independently fading channels, then to a first approximation MRC can still give a gain related to the sum of the SINRs, since the equalization for the wanted signal prior to combining effectively randomizes the interference. Interference rejection algorithms can achieve a greater gain.

Interference from neighbor channel UEs is similar to any other interference; the MRC combining process is likely to decorrelate neighbor channel interference at the receiver and hence provide a gain in fading channels.

ACS can be set to provide a maximum percentage of throughput loss in a system simulation scenario (e.g. max 5% throughput loss). If receive diversity is present in an AAS, then in general the UL throughput will increase and the ACS level at which a certain outage or throughput percentage loss is observed may change. In principle, appropriate ACS levels could be re-examined with system simulations. However at least two factors suggest that such an exercise would be of limited value. Firstly, UL performance loss will be much more limited by the UE ACLR than the BS ACS in system simulations. Secondly, the results of system simulations would depend very heavily on assumptions on the number of receivers and RX diversity algorithm.

Thus it is recommended that for AAS, the same ratio of wanted signal to interference level as in the current specifications should be maintained. However, as in the case of RX blocking above, the relationship between the wanted signal level the RXSENS may need some further consideration. Keeping the same wanted signal to interference level would in turn imply that the interference level would need adjustment by the same factor as any adjustment in the wanted signal to REFSENS level.

RX Intermodulation

A similar consideration will apply for the RX intermodulation requirement as to the RX blocking requirement; the interferer levels should probably remain the same, but the relationship between the wanted signal level and reference sensitivity may need re-examination.
3 Conclusion

Issues relating to some remaining conducted requirements have been discussed in this paper. The following is proposed:

Proposal 1: Set the P-CPICH & CRS absolute power accuracy requirements to be based on achieving the same total powr/CRS power ratio at each transceiver, as described above.

Proposal 2: Set the UTRA power control dynamic range requirement to be relative to transceiver power, not basestation power.
Proposal 3: Clarify the meaning of “different” when referring to TAE, and clarify that TAE refers to transmitters that may carry different signals on any carrier and ensure that TAE is applicable for carrier aggregation in cases of different transceivers carrying different carriers.
Proposal 4: Consider further whether and how RX sensitivity should be scaled when there are a large number of receivers

Proposal 5: Consider and check that the wanted signal level and the wanted signal/REFSENS relationship for blocking, ACS and intermodulation are correct for a large array size.

Proposal 6: Apply a similar methodology for RX spurious emissions as for TX spurious emissions, based on the number of receivers and a state of the art for number of receivers in today’s no AAS basestations
Proposal 7: Note in the TR that with a high order of RX diversity, there could be some scope for the ACS wanted signal/interference ratio to differ, due to the different throughput operating point of deployments. Retain the ratio in today’s existing per receiver requirement (considering that the absolute levels may scale according to proposal 5).
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