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1 Introduction

To support carrier aggregation a new PDCCH structure is needed to address up to 100 MHz of aggregated system bandwidth. In past couple of RAN 2 meetings we had made good progress on the topic of carrier aggregation and had concluded that 

1. It should be possible for a network to configure only a subset of component carriers for idle mode camping
2. After RRC connection establishment, the configuration and/or activation of additional component carriers is performed by dedicated signaling.
In this contribution we compare the possible approaches and indicate our preference about how configuration and/or activation of additional component carriers is signalled by dedicated signaling to the connected mode UE to support the Carrier Aggregation in LTE Advance..  
2 Discussion 
2.1 UE Connected Mode with Carrier Aggregation
Although LTE Advanced UEs will support 100 MHz BW however UE at any given point in time may not transmit/receive in the whole spectrum. In order to enable the UE to save battery power it would be wise that the UE listens to only some of the component carriers to start with and then the eNB scheduler, based on the activity of the UE can direct it to monitor subset of component carriers.

Since the UE will be camped on the Anchor Carrier Component of the cell we would suggest that it would be logical that the UE would initiate RRC Connection Establishment Procedure on the Anchor Carrier Component. Once the RRC Connection or an EPS bearer is established the, UE could be instructed by the network to move on to the different component carrier at a suitable instance. 
Hence eNB scheduler should have the flexibility to schedule a UE in any of the component carrier it wishes and should be able to move it around. UE on the other hand should know in advance which subset of the component carriers it should monitor and turn off the RF for the other carriers. 

This will help in balancing the load among different carriers within the cell and reduction in UE battery consumption as the UE would only monitor a subset of the carrier components together with the anchor carrier component.

Signalling of which component carriers the UE will monitor and transmit/receive the data on can be done  by
· PDCCH Signalling

· MAC Signalling
· RRC Signalling.

PDCCH Signalling: Signalling the UE which component carrier it should monitor through PDCCH is the fastest although it is unreliable. We could have an indication to the UE in sub frame (n-1) that it should start listening to the indicated component carriers from sub frame n onwards until further change is signaled.
MAC Signalling: Signalling UE which component carrier it should monitor through MAC Control element is fast and fairly reliable. We could have MAC Control Element with indication to the UE that it should start listening to the indicated component carriers. eNB will assume that the UE has applied the new configuration after it has received the acknowledgement from the UE for the MAC Control element.
RRC Signalling: RRC layer Signalling to indicate to the UE which component carrier it should monitor would be slow and although very reliable. As the component carriers a UE may monitor may change frequently RRC signaling may not be a suited for this purpose.

Comparison of the three methods of signaling summarized below and is taken from Stage 2 Specification. The main consideration in this use case would be “Signalling Reliability” and “Control Delay”. 
	
	MAC control
	RRC control

	Control entity
	MAC
	RRC

	Signalling
	PDCCH
	MAC control PDU
	RRC message

	Signalling reliability
	~ 10-2 (no retransmission)
	~ 10-3 (after HARQ)
	~ 10-6 (after ARQ)

	Control delay
	Very short
	Short
	Longer

	Extensibility
	None or very limited
	Limited
	High

	Security
	No integrity protection
 No ciphering
	No integrity protection
No ciphering
	Integrity protected Ciphering 


Looking at these, our preference would more towards using MAC Signalling for indicating the UE which component carriers it should monitor as probably this signaling needs to be faster than the delay encountered by RRC. However we could discuss the suitability of PDCCH as well in RAN 2
Proposal 1: Using MAC or PDCCH Signalling to indicate to the UE which carrier component it should monitor 
Further there is no point in the UE monitoring all the carriers as the UE would not be transmitting or receiving on these carriers. Moreover, since the retransmissions will be performed on the respective HARQ entities for each carrier, hence it makes sense the UE to switches off the RF Circuitry of the Component carriers it is not monitoring in order to save power when commanded by the network.
Proposal 2 On receiving the indication of which component carrier the UE should monitor, the UE should switch off the RF Circuitry of the Component carriers it is not monitoring in order to save power.

3 Conclusions

In this paper we discuss the details of how the UE connected mode be assigned to monitor a subset of carriers. The main proposal of the contribution are
Proposal 1: Using MAC or PDCCH Signalling to indicate to the UE which carrier component it should monitor 
Proposal 2 On reciving the indication of which component carrier the UE should monitor, the UE should switch off the RF Circuitry of the Component carriers it is not monitoring in order to save power.

We request RAN 2 to discuss this and NEC would be happy to draft a text proposal for the TR to capture the agreements in the TR.
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