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1. Introduction

From RAN2#66,  discussion on carrier aggregation has been started in RAN2 with number of basic issues not addressed yet. Having common understanding on basic issues is quite important for the productive discussion. The paper presents Samsung’s view on those basic issues; the definition of cell in carrier aggregated system, types of carriers and general UE procedure. 
2. Discussion 
2.1
Definition of cell in Carrier Aggregation
In general, cell has following characteristics.
· smallest component for mobility

· governed by the same system information 

· identified by (PCID + frequency)

· a combination of a DL carrier and an UL carrier

· PCID is identified during the cell search procedure from SCH 

· DL carrier frequency is identified during the cell search procedure from SCH 

· DL BW is broadcasted in MIB 

· UL carrier frequency & UL BW is broadcasted in SIB 2 

Roughly speaking, cell is consisted with a DL carrier with a PCID and BCH in a frequency band and an UL carrier whose center frequency and BW are pointed by SIB 2 of the paired DL carrier. 
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Fig. 1 Conventional Cell Structure

In a carrier aggregated system, multiple UL CCs and DL CCs can be aggregated to a UE. Then one can wonder whether the definition of cell needs to be updated or be kept. Technical point of view, Both keeping and updating make sense. However it should be considered that cell has established its meaning as listed above through many years over many standards in LTE/ UMTS/ GSM. Then introducing new definition/concept for cell in LTE-A seems not wise move in standardization point of view. To be more backward compatible, it might be better to keep the same definition/usage.  

Proposal 1. Not to change the definition/characteristics of cell in LTE-A . 
It is further proposed to agree that cell is combination of a DL carrier and an UL carrier with the following characteristics. 

· UL carrier is pointed by the system informaton of the DL carrier;

· DL carrier provides valid SCH/BCH/PCH;

· DL carrier provides at least MIB, SIB 1 and SIB 2.
2.2
Types of Carriers
New types of carriers have been proposed to partition UEs, which could bring gains by customizing the carrier to the partitioned UEs. For example if a carrier is partitioned from the idle mode UEs, part of system information and paging does not need to be transmitted in the carrier. For another example if a carrier is partitioned from the earlier release UEs, the carrier could be more customized to carrier aggregation by not having e.g. PDCCH, SCH or MIB/SIB 1. The second type of the new carrier seems an add-on of the first type in a sense that more common signals e.g. SCH, PDCCH in addtion to the ones removed from the first type are removed in the second type. Thus one can say that the second type of the new carrier is more customized than the first type. As a matter of fact, optimizing the carrier is mainly the business of RAN1. At this stage of time, it seems not possible to predict how much optimization could be achieved for the new type carrier. However it may be possible to agree that only one additional carrier type should be defined for LTE-A.  
Proposal 2. It is proposed to define two carrier types, one for existing carrier type and the other for new one.

· Type A carrier : The carrier is identical to REL-8 carrier.

· Type B carrier : The carrier may not be visible for idle mode UEs. The carrier could be non-backward compatible and customized for e.g. release 10. The exact characteristic of the carrier is ffs. 

2.3
General Procedure
In general, DL CC or UL CC could be added to a UE when traffic from one direction increase. In HARQ based communication, data transmission in one direction is followed by the feedback transmission in the other direction. Thus, even when carrier aggregation is driven by unidirectional traffic, paired carriers should be added to provide HARQ feedback link. It doesn’t mean that the number of DL CCs and of UL CCs should be identical in the system, but rather mean that the RRC message adding a CC of one direction should indicate which CC of the other direction is to provide the HARQ feedback for the CC. In one UE perspective, UE can be seens as configured with a serving cell and multiple paired carriers. 
Proposal 3. In carrier addition, paired CCs are allocated to a UE that provides HARQ feedback link each other.


[image: image2.emf]UE

ENB 

DL = [f1, f2, f3, f4, f5]

UL = [f6, f7, f8]

Cell search. f1 is acquired.

Reading system information from f1

SIB2 points f6 for UL

Random access over f6. RRC connection is established to cell [f1, f6].

DL-SCH & UL-SCH over f1, f6

ENB decides to aggregate 

more DL carriers

RRC msg for carrier aggregation

[f2, f6], [f3,f7]

ENB decides to aggregate 

more UL carriers

RRC msg for carrier aggregation

[f5, f8]

R

E

L

-

8

 

p

r

o

c

e

d

u

r

e

s

R

E

L

-

1

0

 

p

r

o

c

e

d

u

r

e

s

Serving cell = [f1, f6]

Serving cell = [f1, f6]

Added carrier = [f2, f6], [f3, f7]

Serving cell = [f1, f6]

Added carrier = [f2, f6], [f3, f7], [f5, f8]


Fig 2. General Procedure
Figure 2 shows the overall procedure in one UE point of view. As one can expect, REL-8 procedures could be reused from cell search to RRC connection estabilishment. After RRC connection establishment REL-10 procedure to add/remove carriers would be executed.  Probably, carrier addition/removal and carrier activation/deactivation could be done in separate procedure if justified by valid motivations. If it’s the case, new procedure to activate/deactivate the added carrier also needs to be defined. 
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Fig 3. Example of carrier aggregated system
Figure 3 shows one example of carrier aggregated system. One system could be provisioned with multiple Type A CCs and Type B CCs. Type A CCs consists cells where idle UEs could camp on and establish RRC connections. It may be possible that one UL CC is shared by multiple DL CCs to make as many cells provided that the UL carrier is pointed by those DL carriers’s system information independantly. The mapping between DL carriers and UL carriers is expected to be static because the PHICH/PUCCH resource need to be dimensioned based on the number of linked CCs. It should be possible to aggregate different types CCs for a UE. It should also be possible to pair different types CCs to ensure flexible deployment.
Proposal 4. It is proposed to agree to the general procedure described in figure 2. 
3. Conclusion
Number of proposals that could be used as the baseline for further discussion are made. 
Proposal 1. Cell is combination of a DL carrier and an UL carrier with the following characteristics. 

· UL carrier is pointed by the system informaton of the DL carrier;

· DL carrier provides valid SCH/BCH/PCH;

· DL carrier provides at least MIB, SIB 1 and SIB 2.

Proposal 2. It is proposed to define two carrier types, one for existing carrier type and the other for new one.

· Type A carrier : The carrier is identical to REL-8 carrier.

· Type B carrier : The carrier may not be visible for idle mode UEs. The carrier could be non-backward compatible and customized for e.g. release 10. The exact characteristic of the carrier is ffs. 

Proposal 3. In carrier addition, paired CCs are allocated to a UE that provides HARQ feedback link each other.

Proposal 4. It is proposed to agree to the general procedure described in figure 2.
RAN2 is requested todiscuss each proposal and agree to what can be agreed.
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