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1 Introduction
A new SI is approved in latest RAN plenary [1], regarding LTE DL receiver with 4 Rx antenna ports. This SI will include studies related to RF and RRM core requirements related 4-Rx receivers.

In this contribution, we discuss the scope of RF core requirements for the LTE DL 4 RX antenna port study item. The general objective of the study is to identify the scope and objectives of the potential WI on UE requirements for 4 Rx AP. 
2 Discussion

As shown below, it is stated in 36.101 that all currently available UE RF receiver requirements are only valid for 2-Rx antenna ports. 

------------------- << taken from 36.101 >>-------------------
7.2
Diversity characteristics

The requirements in Section 7 assume that the receiver is equipped with two Rx port as a baseline. These requirements apply to all UE categories unless stated otherwise. Requirements for 4 ports are FFS. With the exception of subclause 7.9 all requirements shall be verified by using both (all) antenna ports simultaneously.

For a category 0 UE the requirements in Section 7 assume that the receiver is equipped with single Rx port.
-------------------<< taken from 36.101 >>-------------------
In a diversity system, the BER is a linear function of the SNR (in a log-log plot), where the slope of the plot indicates the diversity order. The BER, in a system with diversity order two, would fall off by a factor of 102 for every 10dB gain in SNR. 
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Figure 1: BER versus average SNR of a single element for Maximal Ratio Combining (adopted from [3]).
Figure 1 (adopted from [3]) depicts average SNR versus BER seen at a receiver for single antenna, dual antenna and four antenna receivers. This analysis is done for AWGN channel when maximum ratio combining (MRC) is used at the receiver. The BER improves singinifcantly when the number of receive antennas are increased. This means that, to achieve a certain BER, much lower SNR is required when receive diversity is introduced (compare single antenna case to dual antenna receiver) and the required SNR falls further when more receive antennas are added (compare dual antenna receiver to 4-Rx antenna receiver). 
Observation: It is our understanding that, to obtain maximum benefits from 4-Rx antenna ports, it is imperative to define new set of receiver requirements when 4-Rx is considered.
2.1 RF requirements in 36.101

The RF requirements consist of 36.101 sections 7 to Section 7.10. 
First of all, some thinking is needed on how to introduce the requirements related to 4-Rx receivers in the spec. All current requriements are valid for dual antenna receiver unless otherwise mentioned. For 4-Rx, many of these current requirements need to be updated. One option could be to introduce a sub-section with suffix under every section to include 4-Rx related requirements. The exact format of this spec work is to be left for FFS for WI phase.  

In this section, we analyse the need for changes in each sections below: 

2.1.1 Section 7.3: Reference sensitivity power level
In general for the Receiver characteristic part the major work is needed for the Reference sensitivity power level, which is a measure of the minimum power applied at the antenna connector that is needed in order to achieve a certain BLER. If 4 Rx antenna ports are available in the UE, the power needed at each antenna connector to reach the target BLER will decrease.
In the beginning of the section 7.3, it is mentioned that, “The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports for all UE categories except category 0, or to the single antenna port for UE category 0,” thus, it is clear that the diversity gain due to two additional antenna ports need to be considered.
This will be a major work, as mentioned earlier and will require a lot of attention from RAN4. 
2.1.2 Section 7.4: Maximum input level
This section specifies the maximum input levels at the receiver antenna port. With 4-Rx antennas, this can be reduced, thus there is a need to investigate this section.

2.1.3 Section 7.5: Adjacent Channel Selectivity (ACS)

” Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive a E-UTRA signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).”
As seen from the definition above, whether it is 2-Rx or 4-Rx recever, ACS requirements are relative requirements, meaning the ACS requirement does not depend on the receiver signal strength as an absolute number, thus no changes are needed for ACS requirement when 4Rx is ntroduced.  

2.1.4 Section 7.6: Blocking requirements
Three different blocking requirements are specified for 2-Rx antenna case, they are:

1. Inband blocking, 
2. out of band blocking and 
3. narrow band blocking. 

 All the blocking requiremetns depend on receiver sensitivity requirements, thus blocking requirements will be changed with 4-Rx antenna port. 
2.1.5 Section 7.7: Spurious response

“Spurious response is a measure of the receiver's ability to receive a wanted signal on its assigned channel frequency without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency at which a response is obtained i.e. for which the out of band blocking limit as specified in subclause 7.6.2 is not met.” 

Suprious response is directly related blocking requirements, thus this will be affected by the additional diversity benefits of 4-Rx receiver. So, this needs to be investigated for 4-Rx receiver.
2.1.6 Section 7.8: Intermodulation characteristics

“Intermodulation response rejection is a measure of the capability of the receiver to receiver a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal.”
As seen from the definition above, 4-Rx antenna ports will have impact on inter-modulation response rejection characteristics, thus this section needs to be investigated.

2.1.7 Section 7.9: Spurious emmissions

Since the spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the UE antenna connector, there will be impact due to increased received diversity in 4-Rx receiver compared to 2-Rx receiver. So, spurious emmissions need to be studied.
2.1.8 Section 7.10: Receiver image rejection
It is our understanding that receiver image rejection will not be impacted by 4-Rx antenna port, thus we do not have to investigate this topic.
3 Conclusions

In this paper we have analysed the need for investigations on receiver RF requirements for 4RX antenna ports. It is our understanding that, investigations are needed on a number of topics. Based on this, we propose the following: 
Proposal: For 4-Rx antenna ports, following topics need to be specified during the WI phase from receiver RF requirements point of view, namely 
· receiver reference sensivity, 
· maximum input level, 
· blocking requirements, 
· spurious response,
· intermodulation characteristics, and 
· spurious emissions. 
We provide a TP in [2] to reflect the scope of the RF work for this SI.
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