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

In this contribution, we discuss the need for specifying receiver requirements when 4RX UE is introduced. 
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 >>-------------------
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.
The RF requirements consist of 36.101 sections 7 to Section 7.10. SWe analyse the need for changes in each sections below. For the discussion below, we assume that the RMC used for 4-RX is the same as that used for 2-RX.
2.1    36.101: Section 7.3: Reference sensitivity power level
In the beginning of the section, 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 antenn a ports need to be considered. In [2] we discuss aspects related to REFSENS for 4-Rx.
2.2    36.101: Section 7.4: Maximum input level

This section specifies the maximum input levels at the receiver antenna port. This 2-RX requirement could be maintained for the ports of a 4-Rx UE. Possible relaxations for some of the ports are FFS.
2.3    36.101: Section 7.5: Adjacent Channel Selectivity (ACS)

This section describes the ACS requirements for any UE. ACS is a relative measure per port, thus both the wanted signal and interferer power levels are set relative to REFSENS (also per port)

For ACS the same interferer offset as for 2RX can be used: hence the same performance for 4 RX. This would verify the performance of all RX branches. 

2.4    36.101: Section 7.6: Blocking requirements

Inband, out of band and narrow band blocking is defined in this section. All the blocking requiremetns depend on receiver sensitivity requirements, thus the wanted signal levels used for the blocking requirements will be changed with 4-Rx antenna port. The following observations could be made:
· The presence of the (strong) blocker causes decreased RX system gain for the wanted signal (all blocker frequency offsets)
· Decreased LNA gain increases equivalent noise level at ANT port
· NF increases but the noise is still uncorrelated
· If we assume the same performance per port for 4RX
· the power of the blocker is the same as for 2 RX (same effect on NF)
· absolute wanted signal level ”3” dB lower (REFSENS gain) but compensated by a ”3” dB diversity gain since the noise induced by the blocker uncorrelated
· Keep the same offset for the wanted signal (6 dB) for the wanted signal: same desense for 4 RX
2.5    36.101: Section 7.7: Spurious response
For spurious response one notes that
· Spurious responses can be correlated between ports
· Harmonic mixing: same blocking signal downconverted at both ports (independent of own TX) so correlated interferers
· Inter-modulation blocker and TX falls in RX band: diversity ports (RX only) are less affected, the IM level is lower since the TX is coupled from the TX port so the RX desense reduced
· For spurious response, it may be relevant to increase the wanted signal offset by 3 dB or decrease the blocker level when a response occurs (exceptions)
For some of the responses the noise/interference will be correlated, which could motivate a relaxation of the offset compared to the 2-Rx case.
2.6    36.101: Section 7.8: Intermodulation characteristics

4-Rx antenna ports will have impact on inter-modulation response rejection characteristics, thus this section needs to be investigated. One notes that
· IM between a wideband and a CW interferer, identical interferers at both ports: IM product correlated
· Cross-modulation much smaller at RX-only ports (TX coupled from TX/RX branch)
· The wanted-signal offset may have to be increased by 3 dB (IM dominating)
2.7    36.101: Section 7.9: Spurious emissions

Since the spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the UE antenna connector, the present requirements are required at each antenna port (regulatory requirements).
2.8    36.101: 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 requirements need to specified from receiver RF requirements point of view, namely 
· receiver reference sensivity, 
· maximum input level,
· selectivity requirements, 
· blocking requirements, 
· spurious response,

· intermodulation characteristics, and 
· spurious emissions. 
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