3GPP TSG RAN WG2 #67

R2-095312
24th – 28th August 2009, Shenzhen, China
R1-093467
Source:
Panasonic
Title: 
Component carrier types in LTE-A
Agenda Item:
7.3
Document for:
Discussion
1. Introduction

In the last RAN1 meeting RAN1 decided on the terminology of carriers for LTE-A as following [1].

· Backwards compatible carrier:

· A carrier accessible to UEs of all existing LTE releases. 

· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation. 

· For FDD, a backwards compatible carriers always occur in pairs, DL and UL.

· Non-backwards compatible carrier: 

· If specified, a carrier not accessible to UEs of earlier LTE releases, but accessible to UEs of the release defining such a carrier. 

· Can be operated as a single carrier (stand-alone) if the non-backwards compatibility originates from the duplex distance or otherwise as a part of carrier aggregation. 

· Extension carrier: 

· If specified, a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier.

· UE DL Component Carrier Set:

· The set of DL component carriers configured by dedicated signaling on which a UE may be scheduled to receive the PDSCH in the DL.

· UE UL Component Carrier Set: 

· The set of UL component carriers on which a UE may be scheduled to transmit the PUSCH in the UL.
· FFS whether the definition of the UL CC set will be needed in the specifications

In this document we discuss and present our view on the above component carrier types in LTE-A. Please note that this document is also submitted to RAN1. 
2. Discussion

In the following we present our view on the different carrier types which should be in our opinion supported in LTE-A

Backwards compatible component carrier


Rel-8/9 UEs as well as Rel-10 UEs can measure and camp on such a component carrier. This component carrier can be operated in a stand-alone mode. Furthermore, since full system information of MIB and SIB 1-9 could be provided, such a component carrier has the full functionality of a Rel-8 cell. This backwards compatible component carrier will be the baseline type of a component carrier. UEs in RRC_IDLE mode will camp on such a component carrier type. Furthermore control information like PDCCH, PHICH and PCFICH will be always present in a backwards compatible component carrier. It’s also our understanding that only a band specific default Tx-Rx separation to decide uplink carrier frequency is supported for this type of carrier. This carrier supports full LTE-A functionality except some potential specific optimizations which might be provided in an extension carrier.
Non-backwards compatible carrier 

RAN1 definition of this carrier type is not clear at this moment. We propose to distinguish between the following two types that cause the non-backwards compatibility of the carrier:
-
Non-backwards compatible carrier as a consequence of the non-fixed Tx-Rx duplex distance 
-
Non-backwards compatible carrier as a consequence of other features than non-fixed Tx-Rx duplex distance
A non-backwards-compatible carrier as a consequence of the non-fixed Tx-Rx duplex distance differs only from a backwards-compatible carrier in that an arbitrary Rx-Tx separation is supported. Therefore the full set of control channels like PCFICH, PDCCH and PHICH is carried in such type of carrier. From a RAN4 point of view, asymmetric carrier aggregation might utilize such a type of component carrier. Due to the non-fixed duplex distance it is referred to as non-backwards compatible; therefore we think that such a type of carrier is necessary. Whether this type of carrier is supported already for Rel-9 could in our opinion be discussed in RAN4. This carrier should support full LTE and LTE-A functionality similar to the backward compatible carrier and has the potential of having specific optimization similar to the extension carrier. 
A non-backwards-compatible carrier as a consequence of other features than non-fixed Tx-Rx duplex distance is some new type of the carrier. This type of carrier provides camping and stand-alone access for future release mobiles which is different from an extension carrier - described in the next section. 
In our opinion there is not much benefit of supporting such type of non-backwards compatible carrier as a consequence of other features than non-fixed Tx-Rx duplex distance in Rel-10. Since it is also possible to support LTE-A functionality in a backwards-compatible carrier as well as in a non-backwards compatible carrier as a consequence of the non-fixed Tx-Rx duplex distance, there is actually no need for an additional type of non-backwards compatible carrier. It should be noted that further LTE-A specific optimizations can be realized by an extension carrier. 
Extension carrier 
An extension carrier can be a data only carrier and can only be operated as part of carrier aggregation. No SCH and system information will be transmitted in such type of carrier in order to prevent the access from release 8/9 UE and to reduce the overhead. Even though it’s rather obvious that an extension carrier is not backwards compatible, one question would be whether an extension carrier can be categorized as a non-backwards compatible carrier. Since it doesn’t provide camping of future release mobiles nor stand-alone operation. It could be argued that an extension carrier is in a strict sense also not non-backwards compatible. The assumption would be - and this is also inline with RAN1’s understanding - that a backwards respectively non-backwards compatible carrier needs to support camping and stand-alone access.
Whether an extension carrier can be operated without control signaling is currently under discussion in RAN1. In our opinion it would be useful to allow operation of an extension carrier without control region (PDCCH, PHICH, PCFICH) and therefore, possible to transmit the PDSCH from the first OFDM symbol. This is beneficial especially for an operation scenario with a small number of UEs in the system (e.g. home eNB, hotspot), where the PDCCH region on the remaining DL CCs is sufficient to accommodate the required PDCCHs, providing a throughput improvement. Also for heterogeneous network deployments it is beneficial to allow operation without control region in order to support component carrier level interference coordination for PDCCH [2]. 
Extension carriers can be operated with or without control-region depending on operator’s choice. Another possibility is to define that an extension carrier is always PDCCH-less. In case operators want to operate a carrier with control-region they can use a backwards compatible carrier or a non-backwards compatible carrier as a consequence of the non-fixed Tx-Rx duplex distance. Such configuration of the carriers should be semi-static or fixed. 

The table below summarizes our current view on the different carrier types for LTE-A.
	
	Backwards compatible carrier
	Non-backwards  compatible carrier 
(as a consequence of the non-fixed Tx-Rx duplex distance)
	Non-backwards
compatible carrier 
(as a consequence of other features than non-fixed Tx-Rx duplex distance)
	Extension carrier 

	Can be operated in stand-alone
	Yes Rel-8/9/10
	Yes (It could be Rel-9 and later depending on RAN4 discussion)
	Yes (Rel-10 and later) 
	No

	SCH+ SI 
	Yes (always)
	Yes (always)
	?
	No

	Control-region (PDCCH, PHICH, PCFICH)
	Yes
	Yes
	?
	extension carrier can be configured as control-region less or with control region (under discussion within RAN1). 

	Default Rx-TX duplex distance
	Yes
	No
	No
	No

	Note
	
	Except non-default Rx-Tx separation, the remaining is same with Rel-8.
	We don’t see a benefit for such a carrier type.
	


3. Conclusion
In this document we presented our view on on the following types of carriers for LTE-A.

-
Backwards compatible component carrier
-
Non-backwards compatible carrier as a consequence of the non-fixed Tx-Rx duplex distance
-
Non-backwards compatible carrier as a consequence of other features than non-fixed Tx-Rx duplex distance
-
Extension carrier
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