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1
Introduction

It was decided in RAN#57bis that the random access procedure for initial access in system utilizing carrier aggregation is identical to that one in LTE Rel-8 [1]. In RAN1#58, it was further agreed to allow cross-CC scheduling using 1-3 bit carrier indication field included in the extended Rel-8 DCI formats [2]. In RAN1#58bis, it was agreed to transmit PHICH only on the DL CC that was used to transmit the UL grant. Furthermore, it was decided to support A/N mapping onto one UE specific UL CC [3]. This paper deals with remaining open issues related to configuration of component carrier (CC) aggregation focusing on DL/UL linkages that need to be set up to enable proper control signalling operation. 

2 Carrier aggregation: Initial access
Based on random access decision made in RAN#57bis, it is reasonable to assume that the LTE Rel-8 backwards compatible DL/UL component carrier pair is used as the initial CC configuration for carrier aggregation capable terminals operating in an LTE-Advanced network. The initial DL/UL component carrier pair is selected by the UE using the existing procedures in Rel-8.

Once the eNB has obtained the UE capabilities, including knowledge about the UE carrier aggregation capability, it can 

· Maintain the initial CC configuration selected by the UE.
· Change the DL/UL component carrier pair, e.g., to balance the CC load.
· Add one or more DL/UL component carriers on the need basis, taking the UEs carrier aggregation capability into account.
This contribution focuses on configuring one or more additional DL/UL component carriers, and configuring the linkages between DL/UL component carriers for control signalling purposes. It is clear that after the initial access, the DL/UL configuration is fully controlled by the eNB. Furthermore, the DL/UL configuration and hence the DL/UL linkages are UE-specific due to the fact that different UEs may have different CA capabilities, and also different needs in terms DL/UL data rates and the needed number of DL and UL component carriers. Configuration can therefore be done using dedicated higher-layer signalling. Cell-specific linkage can be seen as a special case of UE-specific linkage where all the UEs utilize the same UE-specific configuration.
3
Carrier aggregation: Configuration w/o cross-CC scheduling
In this section we consider the following configuration cases with an assumption that dynamic cross-CC scheduling using the carrier indicator field is not used. The considered cases are:
· Adding a DL/UL component carrier pair
· Adding a DL CC

Adding a DL/UL pair
Figure 1 shows the simplest configuration where an additional LTE Rel-8 backwards compatible DL/UL component carrier pair is configured for a certain UE. In the new configuration there is one-to-one link between the added DL CC carrying PCFICH/PDCCH/PDSCH and added UL-CC carrying corresponding PUCCH/PUSCH, similarly as in Rel-8. The same applies to UE PDCCH monitoring set: UE needs to monitor PDCCH from all allocated DL CCs. It is also noted that this configuration requires that A/N mapping onto multiple UL CC is supported [3]. However, A/N mapping via single UL CC needs to be supported also in this configuration [4]. 
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Figure 1. Principle of adding symmetric DL/UL component carrier pair w/o cross-CC scheduling.
Adding a DL CC

In this case one-to-one linkage between the added DL CC and an UL CC needs to be set up, as illustrated in Figure 2. The linkage is required due to the following control signalling reasons:
· In order to provide resources for dynamic ACK/NACK on PUCCH corresponding to PDCCH/PDSCH transmitted via added DL CC (DL#3). 
· In order to enable allocation of UL grants (PDCCH) via the added DL CC.
· In order to provide ACK/NACK resources on PHICH for UL data scheduled via added DL.

It is clear that in the new configuration, the UE needs to monitor PDCCH from all allocated DL CCs. It is also noted, that configuration where the separate PUCCH resources corresponding to multiple DL CCs are linked to a single UL CC needs to be supported [4]. 

PHICH resources corresponding to PUSCH scheduled via added DL are reserved from the DL CC carrying the PDCCH  keeping in mind potential PHICH collision. The PHICH collision is avoidable using coordinated cyclic shift allocation between the corresponding UL CCs [5]. On the other hand, in this setup it is not necessary to transmit UL grants via the added DL CC.
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Figure 2. Principle of adding a DL component carrier w/o cross-CC scheduling.
4
Carrier aggregation: Configuration with cross-CC scheduling

In this section we consider the configuration cases with semi-statically configured cross-CC scheduling based on carrier indicator field (CIF) included in DCI. The considered cases are:

· Adding an UL CC

· Adding N DL/UL CCs pair.
An integral part of cross-CC scheduling is to define the signalling space (indexing scheme) for CIF. It is noted that CIF related to UL resource allocation grants defines the set of UL CCs that are available for transmit dynamically scheduled PUSCH. From UE power consumption point of view, it makes sense to configure the UE UL CC set (within the UE’s UL carrier aggregation capability) in a semi-static manner where the UE would have to be prepared to transmit PUSCH. 
Adding an UL CC

First of all, we note that adding an UL CC (w/ additional DL CC) cannot be made without CIF included in DCI. This is due to the fact that in this case UL grants corresponding to the multiple UL CCs needs to be transmitted via a single DL CC. The CIF creates the linkage between the added UL CC and existing DL CC(s). 
PHICH resources corresponding to added UL CC are reserved from the DL CC carrying the PDCCH. Again, there is a risk of PHICH collision which can be handled via the coordinated cyclic shift allocation between the UL CCs [5]. 
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Figure 3. Principle of forming UL/DL linkages with cross-CC scheduling: add an UL CC.
Adding N DL/UL CCs pair
Figure 4 shows an example of cross-CC scheduling where UE DL CC set corresponds to three component carriers. In this example DL#3, is configured to apply cross-CC scheduling thus having capability to schedule DL data on each DL/UL CCs (within the UE’s carrier aggregation capability). 

In this example, the PDCCH is transmitted only via two DL CCs. The two DL CCs carrying the PDCCH form the UE PDCCH monitoring set. The DL CCs part of the UE PDCCH monitoring set needs to be linked to certain UL CC(s) to provide the needed resources for dynamic ACK/NACK on PUCCH (corresponding to DL resource allocation transmitted on PDCCH). Similarly, PHICH resources are reserved from the DL carrying the UL resource allocations grants. Note that we need linkages only between the DL CCs that are a part of UE PDCCH monitoring set and corresponding UL CCs. Other DL/UL CCs need not be linked.
[image: image4.emf]DL#1 UL#1 DL#1 UL#1

existing linkage

DL#2 UL#2 DL#2 UL#2

new linkage

DL#3 UL#3 DL#3 UL#3


Figure 4. Principle of forming UL/DL linkages with cross-CC scheduling.

5
Summary and Discussion

In this contribution we have discussed the configuration of component carrier (CC) aggregation. We have pointed out that after the initial access, the DL/UL CC configuration is UE-specific and fully controlled by eNB. Configuration can be made via dedicated higher-layer signalling.

In order to provide proper system operation in terms of control signalling the following linkages between DL/UL CCs are needed:

· Each DL CC carrying PDCCH needs to be linked to an UL CC (taking into UE’s carrier aggregation capability) to provide e.g. the resource for associated PUCCH A/N transmissions. 

· Each UL CC needs to be linked to an existing DL CC carrying the PDCCH. Carrier field indicator creates this linkage in the case of cross-CC scheduling. 
It is noted that all the linkages are UE-specific rather than cell-specific. The DL CC transmitting the PDCCH plays the key role when defining the linkages. It is also noted that the DL CCs carrying PDCCH form the UE PDCCH monitoring set which is a subset of UE DL CC set. One motivation for introduction of UE PDCCH monitoring set is to reduce the PUCCH overhead in the case of cross-CC scheduling [4]. It also reduces the potential problem of false positive decoding and contributes positively to the UE power consumption. Hence defining the UE PDCCH monitoring set is needed.
On the need for explicit configuration of the UE UL CC set, it is noted that proper system operation does not require such configuration. It is also noted that in the case of cross-CC scheduling all the UL CCs are by default available for scheduling UL data whereas in the case when cross-CC scheduling is not configured, only those UL CCs having configured to transmit PUCCH/PUSCH are part of the available UE UL CC set. However, from UE power consumption point of view, it makes sense to configure the UE UL CC set (within the UE’s UL carrier aggregation capability) where the UE would have to be prepared to transmit PUSCH.
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