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1
Introduction

During the RAN#67 plenary, the DL 4Rx antenna ports work item has been approved [1]. The proposal covers aspects related to the RF and RRM core requirements for 4 Rx AP, as well as UE demodulation and CSI requirements. In this contribution we discuss the system implications of the opportunistic utilization of 2 or 4 receive antennas at the UE.
2
Discussion 
During the study item phase and RAN#67 plenary discussions, the issue of opportunistic utilization of the receive antennas at the UE has been raised [2]. It is commonly understood that a UE equipped with 4Rx antennas would experience increased power consumption and cost with respect to the 2Rx antenna UEs. The open question is in which conditions the extra 2 Rx antennas should be utilized such that the best trade-off between increased performance and increased power consumption /complexity and system benefits would be achieved. However, the discussion on the utilization of receive antennas cannot be made solely based on the UE but rather this needs to be integrated in the system operation. In other words the eNB needs to be aware of the number of antennas utilized by the UE especially when feedback loops between eNB and UE are operational.
Observation 1: The utilization of number of antennas at the UE needs to be part of the system design in order to better match system synergies for improved overall benefits. 
2.1 Existing features and UE power consumption
One important part of the discussion carried during the SI phase was the UE power consumption when going from using 2Rx to using 4Rx. This was used as one argument why the use of 4Rx should be UE controlled and 4Rx should only be applied when the UE would estimate that there would be sufficient gain (compared to using 2Rx).

Using 4Rx on UE side will increase UE consumption compared to use of only 2Rx - if only looking at very short time window. Looking on a bit longer term window the impact from 4Rx use may increase user throughput and lower UE overall activity, due to increased packet transmission, which then may lead to lowered UE power consumption impact.

In 3GPP we already have similar features in which the use of the feature is a trade-off between user throughput, system usage and UE power consumption. One such example is carrier aggregation (CA) where the configuration and use of SCells is fully under network control. In CA it is also obvious that the more SCells the network configures the UE with, the higher the UE power consumption will be. Same applies for dual connectivity (DC). 
Another well-known feature is the network use of Connected mode DRX. It has been shown that DRX in connected mode allows for significant UE power savings in connected mode compared to if DRX is not applied. Connected mode DRX is still a feature configured by network and the UE monitors accordingly.
In the end it is the network responsibility to use the features in a sensible way and configure CA and DC when the network also intends to use the additional cells e.g. for additional user throughput. DRX should then be configured to allow for UE power savings when there are no immediate scheduling needs.
Observation 2: Network already has great responsibility in sensible use of configurations to allow for UE power savings for the benefit of the user and the overall system success.

2.2 System implications and potential solutions 

2.2.1 Scenarios

The scenarios in which 4Rx are beneficial are yet to be discussed. It is expected that the gains from 4Rx would vary from scenario to scenario, and also depend on the network topology. Let us first address the problem from the perspective of the number of transmit antennas at the eNB. Currently the LTE deployments are utilizing mainly 2, 4 and 8Tx at eNB with the perspective of larger arrays to be considered by Release 13 deployments through FD-MIMO.  Naturally in 2Tx scenarios, the 4Rx antennas would be beneficial for receive diversity while when the eNB antennas are more than 2, the peak performance improvements coming from 4 layers need to be considered. The current LTE network deployment is mostly designed for UEs equipped with 2Rx, however the network topology should consider the cases when only 4Rx may be served. For example in HetNet scenarios where lower number of UEs are present in small cells, it is more probable that only 4Rx UEs may be served hence allowing the network to properly scale the coverage according to the number of receive antennas at the UE. This would enable also better offloading possibilities and small cells ON/OFF mechanism as UEs with 4Rx benefit from enhanced coverage and hence may be offloaded to other small cells where otherwise they would not be handed over if operating with 2Rx. A common denominator between the eNB and UE needs to be reached in the sense that the system gets the benefit from such operation without penalizing to the extreme the UE power consumption, but neither keeping the eNB/scheduler inflexible.  
Observation 3: 4Rx are giving the network better flexibility in adjusting the network topology. 
There can be very well the case that only in specific scenarios the benefit of 4Rx will be found, especially for peak performance. This may lead to a more static utilization of 4Rx, like for example when the UE is in an indoor environment. From the scenario perspective we see the diversity improvements as widely applicable while the peak improvement may be more scenario dependent.
Proposal 1: Investigate the scenarios for both diversity and peak performance benefits from 4Rx antennas.

2.2.2 Open loop operation

By open loop operation we refer to the situations when the UE may utilize 2 or 4Rx antennas for receive processing, provides eNB various measurement reports based on the used number of receive antennas but no further processing is involved. Such operation may be also transparent to the eNB from the perspective of utilized number of Rx in the UE, however we note that this transparent operation would bring no system flexibility as discussed in the previous section. A consistent UE behaviour needs to be ensured for such situations as well. For example if the UE is performing RRM measurements, the number of Rx antennas should not be dynamically changed between consecutive reports as the eNB needs to rely on consistent UE reporting. While RRM is not part of the work item discussion, this is more applicable to the RLM operation which is on the agenda of this work.

Proposal 2: Ensure a consistent UE behaviour with respect to the number of antennas utilized for RLM computation.               
2.2.3 Closed loop operation
By closed loop operation we understand the situation in which the UE is reporting feedback and further demodulation processing is expected, for example in the case of PDSCH reception. Let us consider the following case for legacy operation. The UE may operate with a maximum of rank 2. Channel state information (CSI) may be computed by utilizing 2 or 4Rx, expecting at least different CQI reporting depending on the number of receive antennas utilized in the feedback computation process. If for example 4Rx are utilized for CSI computation, 4Rx need to be utilized for demodulation as well, otherwise it is highly probable the transmission would fail. Such operation would be possible in a transparent manner, however the consistency on the utilized number of Rx antennas needs to be ensured by RAN4 

Proposal 3: Ensure consistent utilization of the number of Rx antennas for CSI and demodulation.
The maximum rank 4 operation, while more clear from the perspective of CSI and demodulation consistent utilization of receive antennas, has other open discussion points. It needs to be investigated the way in which the UE utilizes 4 Rx and hence is able to report up to rank 4 CSI feedback. We note that the optimum information on the usability of rank 4 is not available fully neither to the UE nor to the eNB. For example the eNB has information on the traffics needs to the UE on the other hand it has no full visibility on the radio channel characteristics and practical opportunity to utilize maximum rank 4. 

Proposal 4: Involving the UE and eNB in setting the number of Rx antennas to be utilized should be explored.    
We also note that several design constraints should be fulfilled:

· The number of Rx antennas utilized at the UE needs to be fair
· QoS needs to be achieved. 

3
Conclusions

In this contribution we have been presenting views with respect to the opportunistic utilization of the number of Rx antennas at the UE. The following observations and proposals can be summarized.
Observations:
1. The utilization of number of antennas at the UE needs to be part of the system design in order to better match system synergies for improved overall benefits. 
2. Network already has great responsibility in sensible use of configurations to allow for UE power savings for the benefit of the user and the overall system success.
3. 4Rx are giving the network better flexibility in adjusting the network topology.

Proposals: 

1. Investigate the scenarios for both diversity and peak performance benefits from 4Rx antennas.
2. Ensure a consistent UE behaviour with respect to the number of antennas utilized for RLM computation.               

3. Ensure consistent utilization of the number of Rx antennas for CSI and demodulation.

4. Involving the UE and eNB in setting the number of Rx antennas to be utilized should be explored.    
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