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1
Introduction
In RAN4 #43, it was discussed whether or not dual-antenna receiver capability shall be mandatory in LTE UE [1]. There were no detailed agreements during the meeting, but it was agreed as a working assumption that the LTE receiver is equipped with two Rx ports as a baseline [2]. In those discussions, concerns about dual-antenna receiver capability in idle mode were raised, because the dual-antenna operation in idle mode would impact the UE battery life. From a network operation point of view, on the other hand, the common channel performance in idle mode as well as in connected mode is important, and it would be desired for UE to receive them using dual-antenna receiver. 

This contribution discusses whether or not it should be applied in idle mode. In the analysis, both system efficiency and UE power consumption aspects are taken into account.
2
Discussions

The pros and cons of dual antenna operation in idle mode are discussed in the following sections. 
2.1 Primary BCH (P-BCH)
For P-BCH, the number of resource elements and the payload size would be fixed and pre-defined, although the details have not been finalized. If RAN1 and RAN2 would specify the P-BCH structure assuming a dual-antenna receiver, UE would need to receive P-BCH using dual-antenna receiver even in idle mode. 
Although it is not clear how often UE has to receive P-BCH in idle mode, it would not be a frequent event. The power consumption due to receiving P-BCH using dual-antenna receiver might be small.

Recommendation

UE should receive P-BCH using dual-antenna receiver in idle mode, i.e. the minimum performance requirements for P-BCH shall be specified assuming dual-antenna receiver.
2.2 Dynamic BCH (D-BCH)
For D-BCH, its physical resources, such as the number of resource blocks and transmission power, would be dynamically allocated by the network. If there were some UEs which don’t receive D-BCH using dual-antenna receiver, the network would need to allocate larger physical resources to D-BCH. From an efficient resource management point of view, it would be desired for UE to receive D-BCH using dual-antenna receiver. Downlink scheduling information for D-BCH should also be taken into account. If receive diversity were not applied to D-BCH, the physical resource for the downlink scheduling information would also increase. 
Although it is not clear how often UE has to receive D-BCH in idle mode, it would not be a frequent event. The power consumption due to receiving D-BCH using dual-antenna receiver might be small.
Recommendation

UE should receive D-BCH using dual-antenna receiver in idle mode, i.e. the minimum performance requirements for D-BCH shall be specified assuming dual-antenna receiver.
2.3 PI (DL Scheduling information for PCH)/PCH

For PI/PCH, its physical resources would be dynamically allocated by the network, although the details have not been finalized yet. If there were some UEs which don’t receive PI/PCH using dual-antenna receiver, the network would need to allocate larger physical resources to PI/PCH. It is, however, noted that the overhead of PI/PCH might be smaller than other common control channels, such as D-BCH.
UE needs to monitor PI once per DRX cycle. It would be the highest frequency in the common control channels. The power consumption due to receiving PI/PCH using dual-antenna receiver would not be ignored from a UE battery life point of view.
Recommendation

UE doesn’t have to receive PI/PCH using dual-antenna receiver in idle mode, i.e. the minimum performance requirements for PI/PCH shall be specified assuming single antenna receiver. 

2.4 Cell selection / Cell re-selection
In the current UTRA requirements, the UE shall measure the CPICH Ec/Io and CPICH RSCP level of the serving cell and evaluate the cell selection criterion S for the serving cell at least every DRX cycle [3]. If it is agreed that UE doesn’t have to receive PI/PCH using dual-antenna receiver, cell selection/cell re-selection should also be executed without dual-antenna operation to reduce power consumption.

As pointed out in [4], furthermore, one important use of pilot measurements is to estimate path loss, with the assumption that uplink path loss is similar to the measured downlink path loss. From this aspect, pilot measurement for cell selection/cell re-selection should be based on one main antenna measurement.
Recommendation

Dual-antenna receiver capability in cell selection/cell re-selection should be optional, i.e. the minimum performance requirements for cell selection/cell re-selection shall be based on single antenna receiver.
2 Conclusions

In this contribution, we presented our initial analysis on dual-antenna receiver capability in idle mode. Our recommendation is summarized in Table 1 below. If RAN4 would achieve an agreement on dual-antenna receiver capability in idle mode, it should be provided for RAN1 and RAN2 so that they could design the common channels in more realistic scenarios.

Table 1 Proposed dual-antenna receiver capability in idle mode

	Event
	Dual-antenna receiver capability

	P-BCH reception
	Mandatory

	D-BCH reception
	Mandatory

	PCH reception
	Optional

	Cell selection/Cell re-selection
	Optional
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