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1 Introduction

In theRAN4#76bis meeting in Sofia Antipolis, two contributions [1] and [2] treated the approach  to  defining TS requirements for reference signal power (UTRA and E-UTRA) in a general sense. 

This type of requirements in the non-AAS BS RF specifications relates to the accuracy of a broadcasted message about the transmitted power of a particular signal (used by the UE to estimate the channel). This type of requirements are an integral part of the system functionality and must be addressed also for AAS BS. This contribution discusses further how to approach that.
This is an update of R4-157531. Only TP is updated in accordance with R4-158291.
2 Discussion 
Figure 1 in [2] describes the scenario for non-AAS BS link where a broadcasted message regarding a particular reference signal power is used by the UE to establish channel estimation. That figure presents only one transmitter, which is an unlikely scenario for AAS BS applications, where MIMO is expected to be operated widely. 
In Figure 1 below, the figure from [2] is developed into a four way MIMO system. Two impulse response paths
 are shown. This is a scenario which a UE capable of MIMO can use to make estimates of the impulse response for the antenna 1 path using the information about the transmitted power from BCH (transmitted on antenna 1), and P-CPICH signal itself. The message gives information about the magnitude of the path loss, when compared to the received P-CPICH power at the UE, and the P-CPICH signal, being known by the UE gives impulse response information, which can be used to tune the equalizer (inverse impulse response
). Applying the equalizer improves reception of the data on the various channels transmitted by antenna 1. (The UE assumes that all channels transmitted by antenna 1 experiences the same impulse response as P-CPICH.)
Besides using the P-CPICH to tune the equalizer, the P-CPICH measurements are used in the open loop power control, in cell search and in hand-over decisions. In the latter cases, only the received P-CPICH power level in the UE and the broadcast message are used.
The non-AAS BS RF requirement specifications comprise a requirement on the accuracy of the broadcasted information formulated as a maximum allowed difference between the power level of the reference signal stated in the broadcast message and the measured power level of the same signal at the BS antenna connector. Examples of such requirements are: DL RS power in [2] and primary CPICH power in [3]. The purpose with this contribution is not to provide an exhaustive list, but to discuss the principle of how this type of requirements shall be treated when introduced in AAS BS RF requirement specifications.
Figure 2 depicts the AAS BS scenario corresponding to the non-AAS BS scenario in figure 1. It can be seen that the assumed single point of transmission, which is assumed by the UE is no longer present. Instead, the single point assumed will be a virtual connector where the sum of the individually transmitted power on each TAB connector (in the transceiver boundary) is assumed. It should be noted that the UE also still assumes that the path impulse response from the virtual connector to the UE is the same for all channels transmitted from antenna 1 as for P-CPICH (and equally for S-PCICH, and D-CPICH for the other virtual antenna connectors).
In [1] it is claimed that the above UE assumption is valid if the relation between the transmitted CPICH power and the total transmitted power is the same for all TAB connectors. Whilst this is not generally true, it is for some important implementations of RDN and antenna array, namely where the pilot signal and the data signal follows the same paths over the RDN and under certain conditions. It is clear from figure 2 that such requirement can only be applied to the group of TAB connectors supporting transmission of the respective CPICH signal, and the related output power shall only apply to the channels related to the corresponding virtual antenna (i.e antenna 1 for P-CPICH and related channels, etc.). This can facilitate conformance testing, so the manufacturer may want indicate such functionality. The exact conditions are discussed further below in the conformance section.
 SHAPE  \* MERGEFORMAT 



Figure 1. Non-AAS BS (UTRA case). The UE makes the channel estimate (for equalization) based on this assumed scenario. (Only two impulse response paths are shown.)
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Figure 2. Corresponding AAS BS scenario.

It can also be seen in figure 2 that there are implementations of RDN and antenna array combined with (complex) amplitude distribution in the transceiver array boundary that can fulfill the above UE assumptions without maintaining the same relation between CPICH power and composite carrier power on each TAB connector.

However, it is clear that the BCH message will always be interpreted as being the composite power of the group of TAB connectors transmitting the reference signal. Therefore, the fundamental core requirement shall be that the summed power of the reference signal over the group of TAB connectors supporting transmission of the reference signal shall be within a prescribed margin from the broadcasted message about reference signal transmitted power.
In the above discussion, the focus has been on a UTRA example, with CPICH, but E-UTRA systems and RS power applies equally to the above discussion.

3 Conformance demonstration
To facilitate this discussion , the following symbols are defined:
Pout,c,group

-

the carrier output power summed over the group of TAB connectors
Pout,c,TABC

-

the carrier output power at a TAB connector

Pout,RS,group

-

the reference signal output power summed over a group of TAB connectors

Pout,RS,TABC

-

the reference signal output power at a TAB connector

PmessRS


-

the reference signal output power level indicated on the broadcast channel

We assume here that the TAB connector croup referred is the TAB connector group supporting transmission of the broadcast message into a cell.

 A straight forward conformance demonstration (suggested in [2]) is to compare Pout,RS,group with Pout,RS,mess and verify that the (dB) difference is within the accuracy requirement.
An alternative method (suggested in [1]) is to measure the relation between Pout,RS,TABC and Pout,c,TABC at each connector and verify that it is the same. This is applicable where the signal paths in the RDN are the same for the reference signal and for all the transport channels related to the tab connector group where the requirement applies. In order to meet the accuracy requirement related to the indicated reference signal power level in the broadcast message, the relation between Pout,RS,TABC and Pout,c,TABC at each connector must be equal to the relation between Pout,RS,mess and Pout,c,group. 
Dressed in mathematical expressions, the two conformance requirements are:

1:
Pout,RS,group = Pout,RS,mess
± accuracy requirement (dB)
2:
Pout,RS,TABC
 - Pout,c,TABC = Pout,RS,mess
- Pout,c,group ± accuracy requirement (dB)

2: can be rewritten as:

3:
Pout,RS,TABC
  = Pout,RS,mess
- Pout,c,group + Pout,c,TABC ± accuracy requirement (dB)

so that the requirement is formulated as the reference signal power at the connector. 
Where 1: is generally applicable and 3: is applicable where the RS signal paths coincide with the transport channel signal paths in the RDN. 3: applies to each TAB connector in the group. The conformance method shall be indicated by the manufacturer.

4 Conclusion
· For AAS BS specification where a broadcasted message contains information about the transmitted power of a particular signal and requirements on the accuracy of the broadcasted message are placed, the power sum of all corresponding signal levels on the AAS BS TAB connectors transmitting the signal to the cell shall be used as the reference for comparing the transmitted power with the content of the message.
· This is in line with the system design using non-AAS BS.

· The UE will expect the impulse response of the signal path to be equal for the reference signal and the transport channels on the same carrier.
· Conformance testing can be done either:
· By comparing the reference signal power, summed over the relevant TAB connector group, to the power level indicated in the broadcast message:

Pout,RS,group = Pout,RS,mess ± accuracy requirement (dB)
or
· By comparing the relation between the broadcast message indicated power level and the composite carrier output power level, summed over the relevant TAB connectors, to the relation between the reference signal level and the composite signal level at each (relevant) TAB connector:

Pout,RS,TABC  = Pout,RS,mess
- Pout,c,group + Pout,c,TABC ± accuracy requirement (dB))
5 Text proposal
8.1.4
AAS Base station output power

The objectives of defining conducted output power of the AAS BS are to verify the capabilities of the transmitter to feed antennas and the accuracy of the maximum output power. 
Regulatory review on output power is presented in [2]. The following summarises regulatory views and requirements for BS employing antenna arrays.
-
No specific limits for AAS for terrestrial mobile systems are given in ITU-R Recommendations.
-
For the ECC regulation in Europe there is not output power limit specified and does not give any additional definitions in the AAS area, however there are several spurious emissions limits and Block Edge Mask requirements which impact and limit the maximum transmission power.
-
For the FCC regulation in US, it suggests the transmission limits applicable to the sum at the antenna connectors.
-
For the MIC regulation in Japan, the measurement and calculation method of output power from multiple outputs: 

-
For an adaptive array antenna are given as follows: Measure and sum the output powers or emissions (which are specified by absolute values in the technical conditions) of all the antenna connectors. In this case, the output power of one array element shall be configured with the maximum output power. Then, the output powers of remaining array elements shall be configured as the sum of output powers of all array elements are maximized.
- For MIMO: Measure the output power or emission on each antenna connector. 
Based on the above, the maximum output power shall be declared for each  TAB connector the total output power from all  TAB connector(s) is then derived from the sum of those declarations.  

The rated multi band total output power per TAB connector, PRated,MB,TABC, is the mean power level associated with all bands the manufacturer has declared to be simultaneously available at the TAB connector, during the transmitter ON period in a specified reference condition.
The rated total output power per TAB connector, PRated,t,TABC, is the mean power level associated with a particular band the manufacturer has declared to be available at the TAB connector, during the transmitter ON period in a specified reference condition.

The rated RAT output power per TAB connector, PRated,RAT,TABC, is the mean power level associated with a particular band and RAT the manufacturer has declared to be available at the TAB connector, during the transmitter ON period in a specified reference condition.

The rated carrier output power per TAB connector, PRated,c,TABC, is the mean power level associated with a particular carrier the manufacturer has declared to be available at the TAB connector, during the transmitter ON period in a specified reference condition.

The maximum total output power per TAB connector, Pmax,t,TABC, is the mean power level measured in a particular band at the array boundary antenna connector, during the transmitter ON period in a specified reference condition.

The maximum RAT output power per TAB connector, Pmax,RAT,TABC, is the mean power level measured in a particular band and RAT at the array boundary antenna connectors, during the transmitter ON period in a specified reference condition.

The maximum carrier output power per TAB connector, Pmax,c,TABC, is the mean power level measured on a particular carrier at the array boundary antenna connectors, during the transmitter ON period in a specified reference condition.

The system power in each case can be calculated by adding the declared or measured power from each of the TAB connectors.
PRated,t,sys
- 
The sum of PRated,t,TABC for all TAB connectors for a particular band 

PRated,RAT,sys- 
The sum of  PRated,RAT,TABC for all TAB connectors for a particular band for a single RAT

PRated,c,sys - 
The sum of PRated,c,TABC for all TAB connectors for a single carrier

Pmax,t,sys
- 
The sum of Pmax,t,TABC for all TAB connectors for a particular band 

Pmax,RAT,sys
- 
The sum of  Pmax,RAT,TABC for all TAB connectors for a particular band for a single RAT

Pmax,c,sys - 

The sum of Pmax,c,TABC for all TAB connectors for a single carrier

The above represents a complete set of all possible power definitions, any definitions not needed for requirements do not need to be included in the specification and are here for information.

PRated,c,sys , and PRated,c,TABC  must both comply to the values specified in Table 8.1.4-1.
Table 8.1.4-1: AAS Base Station rated output power

	AAS BS class
	 PRated,c,sys
	PRated,c,TABC

	Wide Area BS
	(note 1)
	(note 1)

	Medium Range BS
	≤  [38] dBm +10log(N) (note 2)
	≤38dBm


	Local Area BS
	≤  [24] dBm +10log(N) (note 2)
	≤24dBm

	NOTE 1: There is no upper limit for the PRated,c,sys or PRated,c,TABC of the Wide Area Base Station.
 NOTE 2: N is the same value used in [§8.1.6] Unwanted emissions


The output power requirement is set on the accuracy of the declared output power for each TAB connector at the transceiver boundary.

In normal conditions, the AAS base station maximum carrier output power per TAB connector shall remain within +2 dB and -2 dB of the rated carrier output power declared by the manufacturer.

In extreme conditions, the AAS base station maximum carrier output power per TAB connector shall remain within +2.5 dB and -2.5 dB of the rated carrier output power declared by the manufacturer.

Additional regional requirement may be specified if applicable.
8.1.4.x
AAS Base station reference signal output power accuracy
Cellular systems generally have one or more reference signals broadcasted into the cell. The power level(s) of such signal(s) are also indicated on the broadcast channel(s). The UE uses the reference signal to estimate the signal path impulse response to tune its equaliser. The UE received reference signal power level and the broadcasted reference signal transmit power indication o the broadcast channel are also used for open loop power control and various RRM operations. There are generally requirements on the accuracy with which the transmitted reference signal level coincides with the broadcast indicated reference signal power level.
· For AAS BS specification where a broadcasted message contains information about the transmitted power of a particular signal and requirements on the accuracy of the broadcasted message are placed, the power sum of all corresponding signal levels on the AAS BS TAB connectors transmitting the signal to the cell shall be used as the reference for comparing the transmitted power with the content of the message.

· This is in line with the system design using non-AAS BS.

· The UE will expect the impulse response of the signal path to be equal for the reference signal and the transport channels on the same carrier.
The requirement can be describe as follows, using:
Pout,RS,group

-

the reference signal output power summed over a group of TAB connectors

Pout,RS,TABC

-

the reference signal output power at a TAB connector

Pmess,RS


-

the reference signal output power level indicated on the broadcast channel

Where the TAB connector group referred is the TAB connector group supporting transmission of the reference signal into a cell.
Pout,RS,group = Pmess,RS
± accuracy requirement (dB)

Alternatively, the manufacturer may declare the distribution of Pmess,RS, over the TAB connectors in the group, and for each TAB connector , Pout,RS,TABC shall be within the accuracy requirement of the respective declared value.
The conformance method shall be indicated by the manufacturer.
Both conformance methods shall be offered in the AAS BS TS. (Note in core TS).
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� These are often referred to as channels, but since “channel” is also used for a particular transport which is crucial in this discussion, they are here referred to as “impulse response paths” to avoid mixing up with e.g. BCH (the broadcast channel).


� The equalizer is applied in a rather narrow frequency range, and is therefore strictly speaking not an inverse impulse response. It is however aimed at equalizing the impulse response in that frequency range.





