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1 Introduction
In RAN#67 the study on scope of 4RX requirements for UE was concluded and a work item was agreed. In this paper, we discuss radio link monitoring for UE with 4RX antenna ports.
2 Discussion

The 4RX work item description [1] contains the following objective related to RLM:
The objectives for RRM core requirements for 4 Rx AP are the following
· Study feasibility of RLM requirements with 4 Rx antenna 

· The outcome of the feasibility study is decision on whether RLM requirements need to be specified.

· Specify RLM requirements based on the outcome of the above feasibility of using 4 Rx for RLM requirements

So it is necessary to study the feasibility of RLM requirements with 4RX antenna. Related to this, there is also an objective for control channel demod requirements with a similar feasibility study
The objectives for demodulation requirements of control channels for 4 Rx AP are the following 

· Study feasibility of control channels demodulation with 4 Rx antenna with respect to

· Impact on UE power performance

· System benefit

· UE behavior in network

· The outcome of the feasibility study is decision on whether control channel demodulation performance needs to be specified and which control channel needs to be specified.

· Specify control channels demodulation performance based on the outcome of the above feasibility of using 4 Rx for control channels.

Considering the possible benefits of 4RX AP, our view is that it is very important to specify PDSCH requirements not just for rank 4 operation, but also for lower rank so that the 4RX requirements provide both for improved peak rate with 4 layer MIMO, and also providing for improved performance at lower SNR range where 4 layer operation is not feasible. It is important that UE are allowed to perform fallback to 2RX operation when conditions allow to save power, but it is also important to ensure that a 4RX UE provides the expected system and user benefit and gain, justifying the additional complexity and cost of this type of devce.

The means and algorithm for performing fallback from 4RX to 2RX is mostly a UE implementation issue and not within the scope of RAN4 to specify the exact mechanism. From a standards perspective, RAN4 needs to develop requirements for 4RX in scenarios where there is gain over 2RX (eg  4RX demod tests with higher throughput compared to 2RX) and the expected behaviour in the requirements scenario is that the UE will determine to use 4RX, since it is operating in a scenario where 4RX provides significant gain.

Radio link monitoring is based on hypothetical Qin and Qout thresholds (2% and 10% respectively), and in practice a UE does not explicitly measure PCFICH/PDCCH error rate to determine its operating point relative to Qin and Qout, but rather uses internal measurements eg of SINR which may be mapped to a PCFICH/PDCCH error rate. Since such metrics are available as a result of channel estimation, which is necessary for demodulation purposes, it is expected that the additional complexity of performing 4RX RLM is rather low whenever the UE is using 4RX for demodulation of the serving cell.
Observation 1 : The additional complexity of performing 4RX RLM compared with 2RX RLM is low whenever the UE is performing 4RX RLM.

Since 4RX technology is expected to provide benefit at low SNR, it is also important that radio link monitoring is performed consistently with demodulation, such that the UE does not go to radio link failure from an RLM measurement perspective when it could still maintain an LTE connection according to demod requirements. So we see it as highly beneficial that a UE performs radio link monitoring based on 4RX when it is not in 2RX fallback, and indeed any other definitions could jepordise the benefit of 4RX technology. While it is true that 4RX will not improve the link budget for the uplink and hence the UE may or may not experience better coverage with 4RX, it should be emphasised that uplink radio link monitoring is an eNB functionality and the UE has no knowledge about whether the radio link is uplink or downlink limited, or what kind of eNB receiver is in use for the uplink, and its expected performance. Since radio link monitoring is a downlink measurement, the UE should use a realistic estimate of the downlink serving cell quality to determine if it is in radio link failure, and the eNB should perform necessary measurements on the uplink received signal to determine if uplink RLF has occurred.
Observation 2 : UE radio link monitoring is a downlink measurement, and it is not possible for the UE to estimate whether the uplink is in radio link failure.
In view of the fact that RLM is likely to be tested at very low SNR, there should be no question that a UE is operating in 2RX fallback in an RLM test case, and so it should be feasible to verify that the UE performs radio link moinitoring using 4 antenna ports in a testcase. On the other hand, in practical operation it is possible that the UE sometimes moves very rapidly from good coverage into poor coverage (eg when entering a tunnel) and so it is necessary that RLM is still performed with 2 antenna ports if the UE operates in a 2RX fallback mode.
Proposal 1 : RLM requirements are specified with 4 antenna ports when the UE is operating with 4RX

Proposal 2 : RLM requirements are specified with 2 antenna ports, when a 4RX capable UE is operating with 2RX fallback 
We would emphasise that the fallback to 2 antenna ports is mostly an issue for the drafting of the core requirements, and does not have a practical impact to any 4RX RLM testcase which would be performed in low SNR.

One discussion which needs to take place in UE demodulation prior to concluding on the RLM requirements is the discussion on 4RX control channel demod requirements feasibility. Further consideration on this topic is provided in [2]. In simulations in [2], approximately 3dB improvement in missed downlink scheduling grant performance of PDCCH and the PCFICH channels is seen at the 1% Pm-dsg point.
For the purposes of the discussion on RLM, we have focussed on issues which are specific to RLM, such as additional complexity of performing 4RX RLM, and the meaning of RLM measurements in relation to downlink or uplink. However, our view for control channel demodulation is similar, ie control channel 4RX requirements should be specified with appropriate opportunities for fallback to 2RX when 4RX does not provide any significant additional gain. 
3 Conclusions

In this contribution we discuss requirements for radio link monitoring with 4RX, and make two observations and proposals
Observation 1 : The additional complexity of performing 4RX RLM compared with 2RX RLM is low whenever the UE is performing 4RX RLM.

Observation 2 : UE radio link monitoring is a downlink measurement, and it is not possible for the UE to estimate whether the uplink is in radio link failure.
Proposal 1 : RLM requirements are specified with 4 antenna ports when the UE is operating with 4RX

Proposal 2 : RLM requirements are specified with 2 antenna ports, when a 4RX capable UE is operating with 2RX fallback 

To finalise the work on the core part of RLM requirements, it is also necessary to conclude discussions on control channel demodulation requirements feasibility for 4RX.
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