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1
Introduction
In LTE, the physical control format indicator channel (PCFICH) carries information about the number of OFDM symbols used for transmission of PDCCHs in a subframe. The PCFICH sent on a DL carrier carries the information for the same DL carrier.
At one of the previous RAN1 meetings it was decided that in a multicarrier LTE-A system the control region size on each component carrier is independent and the PCFICH design will reuse the Rel-8 PCFICH design. In this document we consider various alternatives regarding the value of PCFICH when cross-carrier assignments (using carrier indicator) are used. 
We demonstrate that at least in some heterogeneous deployment scenarios, we cannot rely on implementation specific solutions to guarantee reliability of PCFICH, and propose to have a standardized solution to address these scenarios. We also discuss different possibilities for standardized proposals.
2 Discussion
It was previously decided that in a multicarrier LTE-A system the control region size on each component carrier is independent and the PCFICH design will reuse the Rel-8 PCFICH design. 
Transmitting the control, including the information carried by PCFICH, reliably on one carrier enables advanced inter cell interference coordination (ICIC) techniques to be applied. This is a possible scenario for the heterogeneous network deployments [1] that can result in bad interference conditions, since no ICIC is provisioned in Rel-8 for control channels. The results presented in [2], [3], and [4] show that depending on the cell association algorithm in Macro-Pico deployments, 60%-80% of UEs would have control channel geometries smaller than -10 dB, and up to 45% of UEs geometries smaller than -20 dB. Hence, very weak control channel geometry is experienced by the majority of UEs, and PCFICH on a component carrier with unreliable PDCCH will also be unreliable. Inability to decode the PCFICH reliably would result in the cross-carrier PDSCH assignment being wasted. Therefore, in addition to the cross-carrier assignments, some form of reliable PCFICH operation is needed. 

For the case of cross-carrier control region indication with cross-carrier resource assignments, the following two possibilities were already discussed:
· Handling as an implementation matter. These could consist of techniques like power boosting or blind decoding; or alternatively restricting the control region in that carrier to a static or semi-static value (presumably indicated by a SIB). A specific case mentioned was to restrict the component carrier on which PDCCH is unreliable to be an extension carrier or a PDCCH less carrier (i.e., PCFICH value is always 0)
· Standardizing the solution. We can think of two classes of standardized solutions

1. Having the UE assume a pre-configured value for the control region duration (PCFICH value) only in the cases where it receives a cross-carrier grant. These solutions have no impact on overhead and negligible specification impact
2. Indicating the PCFICH value of one component carrier on another, more reliable, component carrier (cross-carrier PCFICH). This case has some impact on overhead and specification complexity, but allows more efficient use of eNB resources. 
2.1
Implementation-Based Solutions

If a UE is not provided with the information on the control region size of the carrier on which it experiences the high interference on the control region (and hence can not decode PCFICH reliably) and for which it received the cross-carrier PDSCH assignment, it will result in unreliable and wasteful PDSCH operation on that carrier. An alternative is that the UE tries blind decoding of PDSCH for each one out of three CFI values in every cross-carrier scheduled PDSCH subframe. This, however, does not appear as an attractive solution. Implementation specific approach such as power boosting will not enable reliable reception of PCFICH in such scenarios due to the severe interference in the control region.
As mentioned above, another type of implementation-based solution is to always provide a fixed value of PCFICH on the component carrier with high interference. In particular, a solution mentioned in the previous meeting was to assume that the other component carrier is always an extension carrier. 
The drawback of such an approach is that it unnecessarily constrains the scheduler by permanently forcing a static PCFICH value, even in cases where no carrier indicator bits are used for scheduling a given UE. 

The drawback of the extension carrier approach, in particular, is that it imposes the restriction on those carriers to be strictly Rel-8 non-backward compatible (extension carriers). In addition, it introduces unnecessary reduction of PDCCH capacity, as some UEs will have sufficiently good PDCCH SNR on the weak carrier and be able to receive assignments there. Two examples are presented in Figure 1 and Figure 2.
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Figure 1:
Example 1 of Macro-Femto coexistence
In the scenario shown in Figure 1, Macro cell loses half of its PDCCH capacity if the carrier 2 is forced to be an extension carrier. Moreover, carrier 2 from the Macro cell becomes non-backward compatible and accessible to LTE-A UEs only.
[image: image3.emf]Desired Communication

Interference 


[image: image2.wmf]Pico Coverage

Macro Coverage

UE

1

UE

2

UE

3

Pico transmits PDCCH on both CC

1 

and CC

2

UE

1 

receives PDCCH only on CC

2

UE

2 

can receive PDCCH on either CC

1 

or CC

2

Macro transmits high power PDCCH on CC

1 

and low 

power PDCCH on CC

2


Figure 2:
Example 2 of Macro-Pico coexistence
Simulations in [4] show that up to 30% of UEs can experience the situation of the UE2 in Figure 2. Forcing carrier 2 to be an extension carrier would unnecessarily prevent legacy UEs from accessing this carrier. That also prevents the Pico cell from fully utilizing its PDCCH capacity.
Additionally, note that the extension carriers have not yet been agreed in RAN1.

2.2
Standardized Solutions

As mentioned earlier, two classes of standardized solutions can be considered:

1. Having the UE assume a pre-configured value for the control region duration (PCFICH value) only in the cases where it receives a cross-carrier grant. Examples of such assumptions are: 

a. PCFICH value on the target component carrier is the same as the PCFICH value on the component carrier carrying the PDCCH.

b. PCFICH value on the target component carrier is equal to 3 (or 2 or 1)

It is clear that this class of solutions have fewer scheduler constraints as compared to always assuming a fixed PCFICH value, and that the additional flexibility comes at no additional overhead and very little specification impact. 
2. Indicating the PCFICH value of one component carrier on another, more reliable, component carrier (cross-carrier PCFICH). This is the most “efficient” solution and is needed if we truly wish to provide the scheduler to tailor overhead according to PDCCH transmission needs, but comes at the cost of some overhead and/or specification effort. We can think of the following options in this case, which are described in more detail in [5].
a. Adding bits to the DL grant in order to convey the PCFICH value.

b. Scrambling of PDCCH CRC based on PCFICH value.

c. Transmission of the PCFICH value on the reliable component carrier as a separate signal, for example using the PHICH waveform.

Based on the above description, we believe that handling PCFICH detection errors as an implementation issue is not a viable alternative. It is therefore important to adopt a standardized solution that appropriately addresses this problem. RAN1 should consider both classes of standardized solutions outlined above, namely those relying on UE assuming a predetermined PCFICH value in the case of a cross-carrier assignment, and cross-carrier indication of PCFICH. .  
3
Summary 
In this document we considered different options related to the question of cross-carrier control region indication with cross-carrier resource assignments. Based on the identified arguments and conclusions, we propose the following

· Standardized solution for the cross-carrier control region indication in case of cross-carrier resource assignments is needed.
· RAN1 should consider adopting one of the two classes of standardized solutions that were presented, namely:

1. UE assumes predetermined value of PCFICH in the case that it receives a cross-carrier assignment. This alternative has no overhead impact and very little specification impact.

2. PCFICH value of one component carrier is indicated on another, more reliable, component carrier. This alternative is more efficient from the point of view of bandwidth usage, but comes with specification and/or overhead impact.
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