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1. Introduction

The concept of anchor component carrier (CC), CC management and DL/UL CC linkage in the context of carrier aggregation (CA) for LTE-Advanced have been discussed in the past RAN1 and RAN2 meetings. This contribution addresses some aspects of these issues and proposes some elementary way forwards.

Specifically, this contribution intends to identify basic rules with respect to carrier aggregation (CA) set management and DL/UL CC linkage in consideration of the following aspects:

· Contention RA procedure

· SI (system information) change procedure

· PDCCH (UL grant) / PHICH to PUSCH linkage

· UE specific UL CC for UCI (UL control information) on PUCCH

· DL CC for PDCCH (DL assignment / UL grant) without carrier indicator field (CIF)
2. DL/UL CC linkage and related CC management
2.1. Cell specific DL/UL CC linkage identified from SIB2 

In pre-Rel-10 LTE, the UL carrier which forms the pair of a DL carrier is determined from ul-CarrierFreq in SIB2 of the DL carrier. Specifically: (1) if ul-CarrierFreq is included in SIB2, the UL carrier which forms the pair with the DL carrier is the carrier indicated by ul-CarrierFreq; and (2) if ul-CarrierFreq is not included in SIB2, the UL carrier which forms the pair with the DL carrier is the carrier determined from the Tx-Rx separation defined per band in TS 36.101. Thus, there is a cell specific linkage of DL and UL carriers. This cell specific linkage will be referred to as the “SIB2 cell specific linkage” in the rest of this document.
As LTE-Advanced is targeted to be a backward compatible system to pre-Rel-10 LTE, the “SIB2 cell specific linkage” of DL and UL carriers also needs to be present in LTE-Advanced.

Conclusion 0: “SIB2 cell specific linkage” of DL and UL carriers in pre-Rel-10 LTE also remains for LTE-Advanced.

2.2. Hypothetical CC management
Figure 1 provides a hypothetical sequence of CC management for CA to provide a basis for the rest of the discussion in this document.
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Figure 1 – Hypothetical CC management
· In the 1st phase of Figure 1, the UE is configured with 1 DL carrier (DL#0) and 1 UL carrier (UL#0) linked by the “SIB2 cell specific linkage”. This is the phase any UE will be in at the time of initial access to the system.

· In the 2nd phase of Figure 1, an additional DL CC (DL#1) is added to the UE’s CC set for CA. At this time, the UE is still configured with one pair of DL and UL CCs linked by the “SIB2 cell specific linkage” (DL#0 and UL#0), but is also configured with an additional DL CC (DL#1) without the UL CC (UL#1) linked with the DL CC by the “SIB2 cell specific linkage”.

· In the 3rd phase of Figure 1, DL#0 is deleted from the UE’s CC set for CA. At this time, the UE is configured without any pair of DL and UL CCs linked by the “SIB2 cell specific linkage”.

Whether or not CC set configurations as in the 2nd and 3rd phases should be supported for CA is addressed in the following sections.
2.3. Contention RA procedure during CA
When a eNB detects a contention RA preamble, the eNB does not know which UE has transmitted the RA preamble. The contention RA preamble might have been transmitted either by a CA capable UE or a pre-Rel-10 UE (i.e. non CA capable). Therefore, the eNB should at least transmit the RA response on the DL carrier linked by the “SIB2 cell specific linkage” to the UL carrier on which the contention RA preamble was detected, in order to guarantee successful delivery of the RA response to a pre-Rel-10 UE.

Now, among CA capable UEs, if a CC set configuration as in the 3rd phase of Figure 1 is to be supported, the eNB would need to transmit the RA response on multiple DL CCs to ensure successful delivery of the RA response, and thus multiplying the RA response overhead. This is very inefficient especially considering that the PDCCH used for RA response is sent using the common search space.

Furthermore, supporting the configuration as in the 3rd phase of Figure 1 seems to imply that the eNB needs to transmit multiple RA responses with the same RAPID (RA preamble identifier) simultaneously in 1 DL carrier when the eNB detects the same contention RA preamble on more than 1 UL carrier at the same time. This would imply that the RA response format needs to be extended to indicate the UL carrier of the contention RA preamble to which the RA response corresponds to. On the other hand, the network might be able to avoid the need for such simultaneous transmission of RA responses if it carefully configures the PRACH subframes among multiple UL CCs and the RA response window size. However, this introduces additional complexity/restriction on PRACH operation for the network.

Considering that (1) supporting the configuration as in the 3rd phase of Figure 1 introduces such inefficiencies and complexities and that (2) the motivation of such configuration is not clear, it is proposed not to support such a configuration. Turning the table around, the RA response for a contention RA preamble on a specific UL CC should be transmitted on the DL CC linked with the UL CC by the “SIB2 cell specific linkage”. Furthermore, when a UE is configured with a UL CC (on which it can transmit a contention RA preamble), it should also be configured with the DL CC linked with the UL CC by the “SIB2 cell specific linkage”. 

Conclusion 1: RA response for a contention RA preamble on a UL CC is transmitted on the DL CC linked with the UL CC by the “SIB2 cell specific linkage”.

Conclusion 2: When a UE is configured with a UL CC (on which it can transmit a contention RA preamble), it should also be configured with the DL CC linked with the UL CC by the “SIB2 cell specific linkage”.

Note that Conclusions 1/2 does not prohibit a N to 1 “SIB2 cell specific linkage” of DL carriers to UL carrier in the case a system supports more DL carriers than UL carriers. 

2.4. SI change procedure during CA
RAN2 has agreed that “each CC provides on BCCH the system information which is specific to it” (extracted from TS 36.300). First of all, it is proposed to clarify that this agreement means that each DL CC only broadcasts system information specific for the DL CC itself and the UL CC linked with the DL CC by the “SIB2 cell specific linkage”.

Conclusion 3: Each DL CC only broadcasts system information specific for the DL CC itself and the UL CC linked with the DL CC by the “SIB2 cell specific linkage” (clarification of current RAN2 agreement).

It is noted that this RAN2 agreement does not yet preclude system information of an extension carrier / carrier segment to be broadcasted in a standalone DL CC.

RAN2 has been discussing about the SI change procedure during CA, and basically there are the following two alternatives currently on the table: (1) the UE acquires, directly from the DL CC in which the SI was modified, the SI being broadcasted; or (2) the eNB delivers the modified SI via dedicated RRC signalling.

It is noted that in the case RAN2 decides not to support the dedicated delivery of modified SI to UEs performing CA, the configuration as in the 3rd phase of Figure 1 will automatically be ruled out. Specifically, without dedicated delivery of modified SI, in the configuration as in the 3rd phase of Figure 1, the UE would not be aware of any possible SI modifications related to the UL carrier (e.g. rach-ConfigCommon, prach-Config, pusch-ConfigCommon, pucch-ConfigCommon, soundingRS-UL-ConfigCommon, uplinkPowerControlCommon) in its CC set for CA.

2.5. PDCCH (UL grant) / PHICH to PUSCH linkage
RAN1 has already agreed that PHICH is transmitted only on the DL CC that was used to transmit the corresponding PDCCH (UL grant).

Conclusion 4: PHICH is transmitted on the DL CC that was used to transmit the corresponding PDCCH (UL grant) (restating of current RAN1 agreement).

With a PDCCH (UL grant) including CIF, the UL CC for PUSCH is indicated by the CIF, i.e. linkage of PDCCH (UL grant) with CIF and UL CC for PUSCH is governed by CIF. Furthermore, RAN1 has agreed to support a UE specific mapping of CIF values to CCs by RRC signalling.

Conclusion 5: Linkage of PDCCH (UL grant) with CIF and UL CC for PUSCH is governed by CIF, and RRC configuration of UE specific mapping of CIF values to CCs should be supported  (restating of current RAN1 agreement).

For a PDCCH (UL grant) not including CIF, linking of the DL CC for PDCCH (UL grant) and the corresponding UL CC for PUSCH needs to be defined. The simplest approach is to utilize the “SIB2 cell specific linkage” for this purpose. However, when more DL CCs are configured for the UE than UL CCs (as in the 2nd phase of Figure 1), it is not possible to utilize some of the DL CCs (DL#1 in the 2nd phase of Figure 1) for the transmission of PDCCH (UL grant) to the UE.

On the other hand, as illustrated in Figure 2, with a UE specific linking of the DL CC for PDCCH (UL grant) without CIF and UL CC for PUSCH, PDCCH (UL grant) can be transmitted in any one of the DL CCs configured for the UE, thus increasing flexibility for the eNB scheduler. On the other hand, the demerit is increasing the blind decoding for e.g. different bandwidth between DL#0 and DL#1, Therefore, it should be further discussed.
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Figure 2 – UE specific linkage of DL CC for PDCCH (UL grant) without CIF and UL CC for PUSCH
2.6. UE specific UL CC for UCI
RAN1 has agreed that PUCCH for the channel state information (CSI) and scheduling request (SR) are transmitted on one UE-specific UL CC. Although whether simultaneous ACK/NACK transmission on multiple UL CCs is allowed or not is currently FFS, it is our preference to also transmit PUCCH for ACK/NACK signals also on one UE-specific UL CC [1]. Therefore, at any one time, there should be one UL CC configured for the UE to transmit ACK/NACK, CQI and SR on PUCCH.

Conclusion 6: At any one time, there should be one UL CC configured for the UE to transmit ACK/NACK, CQI and SR on PUCCH.

As discussed in Section 2.4, in the case RAN2 decides not to support the dedicated delivery of modified SI to UEs performing CA, when a UE is configured with a UL CC (on which it can transmit a ACK/NACK), it should also be configured with the DL CC linked with the UL CC by the “SIB2 cell specific linkage”. Furthermore, it was agreed that the ACK/NACK feedback for multiple DL CCs should not be optimized assuming a large number of UEs being simultaneously scheduled on multiple DL CCs. This working assumption means that when a large number of UEs within a cell must transmit the DL data signals, each UE should be scheduled to one DL CC with higher priority so that a large number of UEs is not scheduled to multiple DL CCs. In this sense, it is also beneficial to specify a UE-specific DL CC having a “SIB2 cell specific linkage” to the UE-specific UL CC from the viewpoint of dynamic ACK/NACK resource allocation.
2.7. DL CC for PDCCH (DL assignment / UL grant) without CIF
As discussed in [2], it is beneficial to have the UE monitor the PDCCH (DL assignment / UL grant) without CIF (i.e. the Rel-8 PDCCH) in at least one DL CC at any one time in order to perform reliable transmission during CIF related reconfiguration (e.g. activation/deactivation of PDCCH with CIF, reconfiguring the mapping of CIF, …).
Conclusion 7: At any one time, there should be at least one DL CC in which the UE monitors the PDCCH (DL assignment / UL grant) without CIF (i.e. the Rel-8 PDCCH).

3. Conclusion

This contribution tried to identify basic rules with respect to CA set management and DL/UL CC linkage in consideration of the following aspects:

· Contention RA procedure

· SI (system information) change procedure

· PDCCH (UL grant) / PHICH to PUSCH linkage

· UE specific UL CC for UCI (UL control information) on PUCCH

· DL CC for PDCCH (DL assignment / UL grant) without CIF

As a result, the following are concluded:

Conclusion 0: “SIB2 cell specific linkage” of DL and UL carriers in pre-Rel-10 LTE also remains for LTE-Advanced.

Conclusion 1: RA response for a contention RA preamble on a UL CC is transmitted on the DL CC linked with the UL CC by the “SIB2 cell specific linkage”.

Conclusion 2: When a UE is configured with a UL CC (on which it can transmit a contention RA preamble), it should also be configured with the DL CC linked with the UL CC by the “SIB2 cell specific linkage”.

Conclusion 3: Each DL CC only broadcasts system information specific for the DL CC itself and the UL CC linked with the DL CC by the “SIB2 cell specific linkage” (clarification or current RAN2 agreement).

Conclusion 4: PHICH is transmitted on the DL CC that was used to transmit the corresponding PDCCH (UL grant) (restating of current RAN1 agreement).

Conclusion 5: Linkage of PDCCH (UL grant) with CIF and UL CC for PUSCH is governed by CIF, and RRC configuration of UE specific mapping of CIF values to CCs should be supported (restating of current RAN1 agreement).

Conclusion 6: At any one time, there should be one UL CC configured for the UE to transmit ACK/NACK, CQI and SR on PUCCH.

Conclusion 7: At any one time, there should be at least one DL CC in which the UE monitors the PDCCH (DL assignment / UL grant) without CIF (i.e. the Rel-8 PDCCH).

Finally, it is noted that the notion of an “anchor CC” has been discussed in past RAN1 and RAN2 meetings. At the moment, we feel that there are several independent functionalities of “anchor CC” being pictured by different companies, and are not yet comfortable to introduce the notion of an “anchor CC”. However, if we decide to define the “anchor CC”, we think the following properties could be linked to the “anchor CC”:

· “anchor CC” consists of a DL CC and a UL CC linked by the “SIB2 cell specific linkage” and is used by the UE for contention RA preamble transmission and corresponding RA response reception 

· “UL anchor CC” for a UE is equivalent to the UE specific UL CC configured for the UE to transmit ACK/NACK, CQI and SR on PUCCH.
· PDCCH without CIF (DL assignment / UL grant) is always configured on the UE’s “DL anchor CC”
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