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1. Introduction

Support of wider bandwidth is an important enhancement for LTE-Advanced. Carrier aggregation was adopted in order to support backward compatibility to LTE UEs and higher peak throughput to LTE-A UEs simultaneously.
In [1], issues for PHICH linkage in case of UE specific asymmetric carrier aggregation were discussed. This is because LTE-A UEs may have different UL/DL component carrier pair other than that in LTE Rel8 where the number of component carriers is always one.
In this document, we further discuss the PHICH linkage issues and show current our preference on how to determine PHICH resources for PUSCH in case of carrier aggregation.
This contribution is a resubmission of R1-093468.
2. Discussion on PHICH linkage in CC with PDCCH
2.1. Symmetric carrier aggregation (Cell specific/UE specific)

If all the DL component carriers are backward compatible, symmetric carrier aggregation can be treated as “parallel LTE”. So the PUSCH-RB to PHICH linkage rules can be easily applied in this case.

Even though some of the DL component carriers are not backward compatible (for example, do not carry BCCH for release 8, non-accessible by release 8 UEs as a consequence of the non-fixed Tx-Rx duplex distance), the UL component carrier paired with backward compatible DL component carrier can apply the same rules for PUSCH to PHICH linkage. For the UL component carrier paired with non-backward compatible DL component carrier, it would be easy to define PUSCH to PHICH mapping without causing backward compatible issues to LTE Rel8, although there might be some discussions on how to improve PUSCH to PHICH mapping.
2.2. Asymmetric carrier aggregation (Number of DL CCs > Number of UL CCs)

There are two cases for asymmetric carrier aggregation. One is cell level (or system level) asymmetric carrier aggregation. The other is UE specific asymmetric carrier aggregation. The reason for the latter is because we expect UE may have different bandwidth capabilities on DL and UL.
2.2.1 Cell level asymmetric carrier aggregation case
This case was already discussed in [1-3]. In short, there would not be serious issues by applying one of following simple rules for PUSCH to PHICH mapping rules.

1) eNB sends ACK/NACK to the UE on both DL CCs

2) eNB sends ACK/NACK to the UE on predetermined DL CC

PDCCH-less component carrier can be operated in this relation of DL CCs > UL CCs, but we discuss PDCCH-less component carrier in section 3.

2.2.2 UE specific asymmetric carrier aggregation case
As discussed in [1], in the UE specific asymmetry case, LTE-Advanced UEs may have different linkages for DL CCs and UL CC from LTE UEs. For instance, since UE1 in figure 1 is configured to use both DL CCs and UL CC1, UE1 might have the linkage of DL CC2 for PHICH and UL CC1 for data transmission.

As shown in figure 1, if UL grant for LTE-A UE is sent from DL CC2, then LTE-A UE will monitor the PHICH resource in DL CC2 based on the RB indices used for data transmission in UL CC1. However, the RB which has the same index in UL CC2 might be used by another LTE UE, and such LTE UE monitors the same PHICH resource in DL CC2 as shown in the figure. Hence, the eNB has to manage this possible collision by e.g. allocating different DMRS cyclic shifts when it transmits the UL grant for UE1 on DL CC2. Note that the collision avoidance is also required for MU-MIMO in release 8. To have collision avoidance among CCs further complicates the handling.
Therefore, the release 8 rule that a CC for the PHICH reception is linked to the CC of the PDCCH transmission would complicate the eNB scheduler. Since this type of asymmetric carrier aggregation would be very useful in LTE-Advanced as UE may have asymmetric capabilities on DL bandwidth and UL bandwidth, some optimization should be considered.
In order to simplify the eNB scheduler, to define the “primary” DL component carrier for each UL component carrier looks effective. If the “primary” DL component carrier for each UL component carrier is defined in a cell-specific way, alternative 2 (i.e., eNB sends ACK/NACK to the UE on predetermined “primary” DL CC) in section 2.2.1 would solve the problems.
PDCCH to assign PUSCH resource is transmitted from the primary DL component carrier.

[image: image1.emf]PDSCH PDSCH

S

C

H

/

B

C

H

f

PUSCH

P

U

C

C

H

Downlink

Uplink

P

U

C

C

H

PHICH

PDCCH

PHICH

PDCCH

PUSCH

P

U

C

C

H

P

U

C

C

H

S

C

H

/

B

C

H

DL CCs for UE1

UL CC used 

by LTE-UE

UL CC used 

by LTE-A UE

CC linkage for LTE UEs

(Based on LTE-SIB2)

Possible

Collision

PHICH linkage for LTE-A UE

PHICH linkage for LTE UE

UE specific CC linkage 

for LTE-A UE

DL CC2 DL CC1

UL CC1 UL CC2

The same RB number within CC is 

used for LTE-A UE and LTE-UE

UL grant

UL grant


Figure 1 UE specific asymmetric carrier aggregation and PHICH linkage
2.3. Asymmetric carrier aggregation (Number of DL CCs < Number of UL CCs)
2.3.1 Cell specific asymmetric carrier aggregation case

This case is discussed in [2] and [3]. We don’t deny the possibility to have such configuration in a cell-specific level; however, it would not be a point to be optimized in RAN1 specification. Although further studies for PUSCH to PHICH mapping might be required in this case, we don’t see strong needs to enhance PUSCH to PHICH mapping from LTE Rel8 case. Just reusing Rel8 PHICH structure and tasking the eNB scheduler to avoid PHICH collision would be enough.
2.3.2 UE specific asymmetric carrier aggregation case

This case should not be an optimization point in LTE-Advanced, either. It might not be a UE capability class which has more UL bandwidth than DL bandwidth, and then just simply prohibiting this configuration (i.e., no description about this configuration in RAN1 specification) could avoid any problems brought by this configuration. 
3. Discussion on PHICH linkage with PDCCH-less component carriers
As discussed in [5], one of the merits of component carrier with PDCCH-less operation is interference coordination in Heterogeneous network deployments. In order to realize efficient interference coordination, PDCCH-less component carrier should not have PHICH either. This operation may bring similar situations as those discussed in sections 2.3.1 and 2.3.2; however, PDCCH-less operation is especially useful when the number of UEs is small in the cell. Hence, just reusing Rel8 PHICH structure and tasking the eNB scheduler to avoid PHICH collision would be enough in order not to complicate the specification.
4. Conclusion

In this contribution, we further discuss the PHICH linkage issues for various types of carrier aggregation (cell and UE specific). Based on the discussion, we believe it is essential to have cell-specific PUSCH to PHICH linkage also in LTE-Advanced for efficiently supporting asymmetric carrier aggregation case. We propose following concepts. 
· Define a “primary” DL component carrier for each UL component carrier in a cell-specific way in order to avoid possible PHICH collision shown in [1]
· The network configures one “primary” DL component carrier for each UL component carrier in a cell-specific way
· All the LTE-Advanced UEs shall receive the PHICH for each UL data from the “primary” DL component carrier of the UL component carrier where the UL data was mapped
Further studies for improving PUSCH to PHICH mapping in case that the number of UL component carriers is larger than that of DL component carriers which have PHICH might be necessary if the number of UEs which connect to the cell is large. However, such situations would not be major cases which require further optimization of the specification.
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