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1 Introduction

In the last RAN4 meeting (RAN4#43bis) there was some agreement on UE minimum receiver capabilities in different reception scenarios in connected and in idle modes. A text proposal [1] was agreed for the UE TR 25.803 [2]. However, there are still several open issues, which need to be addressed and clarified so that RF and demodulation requirements are appropriately specified.
The aim of this paper is to address some of the open issues, provide suggestions and raise some questions related to UE receiver capability in both idle and connected modes.   

2 Reception in Connected Mode
2.1 Consideration of Antenna Correlation and Gain Imbalance

It was agreed that in unicast only and TDM unicast-MBSFN scenarios the minimum requirements for both unicast and MBSFN will be based on 2 Rx. 
It was also mentioned in the agreed text proposal that lower performance gain is obtained at lower frequency (e.g. less than 1 GHz) due to the increase in antenna correlation and gain imbalance at lower frequency. Therefore this needs to be accounted in terms of performance requirements. 
It is not clear from the last agreement how the above mentioned factors are to be considered when setting requirements. RAN4 is developing propagation models (e.g. correlation matrices) for defining UE requirements. We suggest that UE requirements for all bands are specified for the same correlation matrices and gain imbalances. Assuming RAN4 eventually agrees on there level of correlation matrices: low, medium and high. Then in our view it would be straight forward to specify all UE requirements for all three correlation levels for all bands. This is a more generic and simpler approach, which would allow the network to figure out the performance figures that would be most applicable in a particular scenario (frequency band, channel environment etc).
2.2 Simultaneous unicast and MBSFN Reception within 20 MHz

It was agreed that in simultaneous unicast-MBSFN reception scenario (i.e. unicast and MBSFN on different carriers) the minimum unicast and MBSFN requirements are based on single receiver [1]. 

The above agreement is very general in nature. However, we have found some scenarios where it may still be possible for the UE to simultaneously receive unicast and MBSFN with 2 Rx. One example is that of unicast and MBSFN reception within 20 MHz, i.e. within UE reception bandwidth. Some specific examples where 2 Rx could be used for simultaneous unicast and MBSFN are:
· Reception of 5 MHz unicast and 5 MHz MBSFN within 20 MHz bandwidth
· Reception of 10 MHz unicast adjacent to 10 MHz MBSFN

· Reception of 15 MHz unicast adjacent to 5 MHz MBSFN

If such a scenario where unicast and MBSFN could be received within 20 MHz then we suggest that requirements with 2 Rx are specified for some typical cases. 
However, there might be some limitations to be considered when specifying such requirements. For instance from UE complexity stand point in the above scenarios:

· Is it feasible to transmit both unicast and MBSFN with different CP lengths? 

· Is it feasible to transmit unicast and MBSFN with different sub-carrier spacing?

Despite the above limitations if the adjacent unicast-MBSFN reception with 2 Rx is considered useful from operators’ perspective, then the necessary requirements could be defined under such constraints. 
3 Reception in Idle Mode

In idle mode there are two main open issues:
· Measurement for Cell reselection

· PCH reception

3.1 Measurement for Cell reselection

In idle mode the UE would measure the downlink quality (e.g. RSRP, RSRQ etc) of the serving and neighbour cells for the purpose of cell reselection. Obviously the measurement quantity results would differ whether UE uses 1 Rx or 2 Rx for these measurements. 
The intra-frequency cell reselection is based on relative comparison of the serving and target cells. Therefore, from intra-frequency cell reselection perspective the use of 1 Rx and 2 Rx would not lead to any significant performance difference. However, the use of 2 Rx (even if averaging is used) would still provide more reliable results compared to those based on 1 Rx. For instance the use of 2 Rx (i.e. more reliable results) could be beneficial when comparing cells with significantly different environments (e.g. micro/macro etc). 
The triggering of inter-frequency and IRAT cell reselection generally relies on absolute levels, i.e. when measurement quantity from the serving cell falls below a threshold. Therefore, the use of 2 Rx for inter-frequency cell reselection is more beneficial.
3.2 PCH Reception
The UE requirements in connected mode and also some of the idle mode requirements (e.g. BCH reception) will be based on 2 Rx at the UE. Therefore, network planning will be done assuming 2 Rx at the UE. If 1 Rx is used for PCH reception then eNode B has to compensate with higher transmitted power in order to achieve the same coverage as with 2 Rx.  
If the use of 2 Rx for PCH reception does not significantly drain UE battery life then it would be beneficial to use 2 Rx for paging reception. This would simplify network planning since all other common channels will be planned according to 2 Rx at the UE. We therefore suggest that RAN4 investigates and analyzes the trade-off between the impact of eNode B transmit power resource and UE battery usage with 1 and 2 Rx before agreeing on UE receiver capability for PCH reception.
4 Conclusions
In this contribution we have discussed some open issues related to UE receiver capability in idle and connected modes. In the connected mode we suggest that for all frequency bands the UE requirements are specified using the same correlation and antenna gain models. In case of simultaneous reception of unicast and MBSFN within 20 MHz bandwidth (e.g. unicast and MBSFN in adjacent 10 MHz), we feel the UE could still use 2 Rx for receiving unicast and MBSFN but with some constraints that could be considered in the requirements. For cell reselection in idle mode we feel overall it’s beneficial for the network that UE employ 2 Rx. For PCH reception the trade off between eNode B transmit power and UE battery saving should be further investigated before drawing the final conclusion on the UE receiver capability for PCH reception.
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