3GPP TSG RAN WG1 Meeting #57
R1-092026
San Francisco, USA, May 4-8, 2009
Source: 
Ericsson

Title:
Control signaling for LTE-A
Agenda Item:
15.4
Document for:
Discussion and decision
1. Introduction

With carrier aggregation, a UE can aggregate different number of component carriers in downlink and uplink. In the general case this also includes the case when the operator has different number of component carriers in downlink and uplink. In any case, carrier aggregation of both contiguous as well as non-contiguous carriers requires that the L1/L2 control signaling structure is extended. 

At the last RAN1 meeting, it was agreed that a PDCCH is transmitted on a single component carrier and it was concluded that further discussions were needed, for example on whether a PDCCH can carry assignments for a single or multiple component carriers .  The present contribution considers the control signaling extension and more specifically outlines our view on a baseline structure for the downlink control signaling when it comes to the association between uplink and downlink.
2. Downlink control signaling

2.1. Downlink assignments

A remaining issue is whether there should be separately encoded PDCCH for each component carrier (CC), or whether there should be one common, jointly encoded PDCCH on a single component carrier indicating assignments for multiple DL component carriers. The former alternative would be comparably straight forward and allow for a structure if not identical so at least very similar to the one in Rel-8 including CCE aggregation levels and so on and with an overhead that scales with the number of  assigned component carriers. 

Proposal
· Downlink assignments for a component carrier are transmitted on the same component carrier  
It should be noted that this does not preclude further optimizations to for example reduce blind decoding complexity, improve robustness to missed downlink assignments or define low activity modes where the UE monitors only a subset of the component carriers.
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Figure 1 Downlink assignments for component carrier #k are transmitted on component carrier #k
2.2. ACK/NACK for transmission on PUSCH
ACK/NACK for uplink transmissions on PUSCH use the PHICH. There are two main alternatives to consider when extending the ACK/NACK transmissions from one to multiple carriers, both of which are schematically depicted in Figure 2.
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Figure 2 Two alternatives for ACK/NACK to PUSCH transmission
In the first, ACK/NACK for all UL component carriers of a UE are transmitted on PHICH on the same component carrier. This would imply a need to modify the structure of the PHICH in order to cover possible new associations for transmissions on several UL component carriers. 
In the second approach, each UL component carrier, and corresponding PUSCH, is associated with a corresponding DL component carrier with PHICH resources on a UE basis. This would allow reusing the current PHICH structure and corresponding resource associations with the obvious advantage of allowing multiplexing of ACK/NACK transmissions from both Release 8 and Release 10 UEs on a carrier in a backwards compatible fashion. 
Proposal:
· For PHICH, each UL component carrier is associated with a unique DL component carrier for each UE.
A prerequisite for this is that there exist associations between UL and DL component carriers of a UE so that a DL component carrier can be associated to at most one UL component.  Note that this does not need to influence possible cell configurations where a cell could still have more UL than DL carriers if desirable by the operators. However, to our knowledge no service has been identified for LTE-A which would rely on more UL resources than DL resources. So it does not seem to be any major limitation to have more or equal number of DL component carriers than UL carriers for a UE. 
Proposal:
· A restriction on the number of UL component carriers to be equal or smaller than the number of DL component carriers from a UE perspective is to be considered.
2.3. Uplink grants
Since there appears to be no obvious advantages of jointly coded, common UL grants for multiple UL component carriers, the preferred baseline solution with overhead scaling with the number of granted component carriers is to have one UL grant per component carrier.  Similar to the case with PHICH transmission, there are two alternatives as shown in Figure 3.
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Figure 3 Illustration for two alternatives for UL grants

The first alternative is to transmit all UL grants to a UE on the same selected component carrier. This would require that the grant format is modified to contain some form of UL carrier index.  The second alternative is to associate each UL component carrier with a corresponding DL component carrier. This would enable re-use of existing grant formats and moreover align with proposed PHICH transmission.   

Proposal:

· An uplink grant for an UL component carrier is transmitted on the same DL component carrier as the PHICH.
Note that this requires that the number of UL component carriers is greater than the number of DL component carriers from a UE perspective..
3. Summary

We propose the following 
· Downlink assignments for a component carrier are transmitted on the same component carrier  (CC) 

· For PHICH and UL grants, each UL CC is associated with a unique DL CC

· A restriction on the number of UL CCs to be equal or smaller than the number of DL CCs from a UE perspective is to be considered.
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