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1 Introduction
During RAN2#68bis, the DL/UL CC linking in CA was discussed for the first time, and it was agreed that for scheduling using non-cross carrier scheduling (to know what UL CC is meant when UL grant without CID is indicated), a linking between UL and DL needs to be specified.

In this document, we discuss whether the linking needs to be specified for other reason or scenario, and how to specify the linking. We also investigate whether the BCCH-linking is sufficient to meet all identification requirements. Any dynamic linkage between DL and UL (e.g. linking the DL with UL according to the CFI in PDCCH) is not included in this discussion, because it has no impact to linking specification.

2 Discussion
2.1 Legacy BCCH linking
In Rel-8, each downlink carrier broadcasts a corresponding UL CC in SIB2, so the BCCH implicitly defines a DL-UL linking. While in Rel-10, some potential difference may exist, we list all the possible linking types in talbe1: 
Table1: linking types

	Type1


	1-1 linking：

One DL CC is linked to only one UL CC, and this DL CC is the only linked CC for the UL CC.
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	Type 2
	N -1 linking：

More than one DL CCs are linked to the same UL CC
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	Type 3
	1 -N linking：

One DL CC is linked to more then one UL CCs
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For the type3 linking, if it is allowed, all of the IEs/fields in system information concerning to UL CC should be extended to an extra list broadcasted by the DL linking CC, such as ul-CarrierFreq, ul-CyclicPrefixLength rach-ConfigCommon, pucch-ConfigCommon. Moreover, we are not aware of a requirement to support more UL CC than DL CC, so it is proposed that:

Proposal 1: the BCCH of one DL CC will indicate zero or one UL CC.
Before we start to discuss any new linking requirement, we think we should reuse the BCCH implicit linking as much as possible, to keep things simple: 

Proposal 2: any new linkage requirement should rely on BCCH linking as the baseline.

2.2 CC set Configuration scenarios
Based on section 2.1, we give an example including the type1 and type2 BCCH-linking to facilitate the following discussion.
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In order to reuse the BCCH linking as much as possible, we should investigate how much the DL/UL CC set configuration is in line with the BCCH linking.

We classify the DL/UL CC set configuration scenarios as following:

· Scenario 1: symmetrical CC set configuration. The number of DL CCs is equal to the number of UL CCs as shown in figure 1
· Scenario 1-a: the configuration is in line with the BCCH linking, as shown in Figure 1-a
· Scenario 1-b: the configuration is not in line with the BCCH linking, as shown in Figure1-b

[image: image5.emf]DL CC2 DL CC1

UL CC2-1 UL CC1-1

DL CCs

UL CCs

Configured DL CC set

Configured UL CC set


(a)

 
[image: image6.emf]DL CC3 DL CC2 DL CC1

UL CC34 UL CC2-1 UL CC1-1

DL CCs

UL CCs

Configured DL CC set

Configured UL CC set


(b)

Figure 1 symmetrical CC set configuration scenarios 
With symmetrical CC set configuration scenarios:

Comparing with the scenario in figure 1-a, the scenario in figure 1-b seems not reasonable. Based on cell-specific/BCCH linking, UE obtains the UL CC’s system information on linked DL CC’s BCCH, this information will guarantee the RACH, PUSCH/PUCCH data transmission and so on, this means that if a corresponding UL CC is configured, the UE needs to monitor the linked DL CC at least for SI acquisition and possibly also for SI updating even if it is not in configured DL CC set. From this standpoint, it should be avoided to configure a UL CC whose BCCH-linked DL CC is not configured.
· Scenario 2: asymmetrical CC set configuration scenarios. The number of CCs in DL CC not equal to the number of CCs in UL CC set as shown in figure 2
· Scenario 2-a: The number of CCs in DL CC set is greater than the UL CC set

· Scenario 2-b: The number of CCs in UL CC set is greater than the DL CC set
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                             Figure2. Asymmetrical CC set configuration scenarios

With asymmetrical CC set configuration scenarios:

Because of UE’s asymmetrical service requirement, more UL CCs or DL CCs need to be configured as shown in Figure2-a and Figure 2-b.
For scenario 2-a, given the need of unsymmetrical service, it seems unavoidable. 
For scenario2-b, If it is really needed, the cross scheduling shall be turned on at least for UL data transmission. Otherwise the UE doesn’t know which ULCC is scheduled when receiving a UL assignment without CFI. 
Proposal 3:  We propose that as a baseline, the UE configuration of DL and UL CC sets should be in line with the BCCH-linking.  
2.3 Linking in terms of HARQ

Based on above mentioned configuration scenarios, we consider the linking in terms of data transmission.
2.3.1 DL data scheduling: 

Whether cross-scheduling is used or not, it should possible for UE to figure out which UL CC will be used to feedback, RAN1 has agreed:

· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Suppport mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

In case all A/N for a UE are transmitted on one UE specific UL CC, RRC must configure which ULCC bears all the DL A/N, then UE can figure out the CC to feedback according to this DL HARQ feedback resource allocation. 
With simultaneous A/N transmission on multiple UL CCs, the UE needs to know on which UL CC to send certain DL CC's feedback, the DL/UL mapping/linking should be specified, otherwise, UE can not find out the feedback CC correctly. For all the scenarios with exclusion of scenario 2-a, BCCH-linking can be relied on to achieve simultaneous A/N transmission on multiple UL CCs.
Conclusion: For DL data transmission, DL/UL CC linking needs to be specified only when the A/Ns for each DL CC is transmitted on different UL CC separately. 
2.3.2 UL data scheduling

It should be possible for UE to figure out which UL CC is scheduled when a UL assignment is received on some DL CC, and also It should be possible for UE to figure out the associated feedback CC in downlink for any UL data transmission. RAN1 agreed:
· PHICH transmitted only on the DL CC that was used to transmit the UL grant

So above mentioned question will be solved at the same time because the UL grant and the feedback are on the same CC. If cross carrier scheduling is used, the CFI will implicitly indicate this linkage. If straight (i.e. non-cross) scheduling is used, excluding the invalid scenario 1-2 and the scenario 2-2 for which only cross scheduling is applicable, for all other scenarios, the UE can rely on the BCCH-linking to figure out the associated DL carrier for scheduling and feedback.
Conclusion: For UL data transmission, the BCCH linking can be used for straight scheduling in order for UE derive on which UL CC to PUSCH.
2.4 Linking for (de)activation
Some companies think UL/DL CC linking is needed for activation/deactivation, when the corresponding DL CC is activated or deactivated, and then the UL CC is also activated or deactivated, we think the BCCH-linking is enough, as the PUSCH is controlled by eNB’s scheduling, the activation/deactivation for UL CC only has some impact to PUCCH (e.g. SRS) at most.
According to the discussion above, we find except the A/Ns for each DL CC is transmitted on different UL CC separately and the number of CCs in UE’s DL CC set is greater than the UL CC set, all requirements  of  DL-UL linking can rely on BCCH-linking. So it is proposed:
Proposal 4: BCCH-linking is sufficient to meet all identification requirements except when the A/N for each DL CC transmitted on different UL CC separately and the number of CCs in DL CC set is greater than the UL CC set

3 Conclusion
In this document, we revisit the legacy BCCH linking firstly and some extended BCCH linking type in Rel-10 is introduced. The first two proposals concerning the BCCH-linking extension and its usage in CA are given: 
Proposal 1: the BCCH of one DL CC will indicate zero or one UL CC.

Proposal 2: any new linkage requirement should rely on BCCH linking as the baseline.

Based on the BCCH-linking, we investigate the possible DL and UL CC set configuration scenarios, we think that:

Proposal 3:  We propose that as a baseline, the UE configuration of DL and UL CC sets should be in line with the BCCH-linking. 

We find the new linking requirement is related to the HARQ feedback scheme determined in RAN1, and the DL-UL linking can rely on BCCH-linking except a case when A/N for each DL CC transmitted on different UL CC separately and the number of CCs in UE’s DL CC set is greater than the UL CC set. We can wait for the progress about whether “A/N for each DL CC transmitted on different UL CC separately” is supported, if the answer is yes, BCCH linking seems enough for any requirements, no new UE-specific linking needs to be specified. So it is proposed:
Proposal 4: BCCH-linking is sufficient to meet all identification requirements except when the A/N for each DL CC transmitted on different UL CC separately and the number of CCs in the UE’s DL CC set is greater than the UL CC set
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