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1 Introduction
In meeting RAN2 #69, DL/UL linking in the context of Carrier Aggregation has been discussed. During the discussion, following agreements had been captured:

1) For contention based RACH access, the response will be sent in accordance with the cell specific SIB2 linking is used. FFS for dedicated preamble case.

2) For UL grant provided on PDCCH without CIF, it is still FFS whether SIB2 linking is applicable or a UE specific linking is applicable.

3) 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”.

In this document, we further discuss the DL/UL linking for PRACH, PUSCH, and PUCCH and their impact on the CC management. We also try to capture or clarify concepts that implied by the agreements of RAN1 and RAN2 so as to establish a common ground for future discussion.
2 Discussion on DL/UL linking
In Rel-8/9, each DL CC broadcast a UL CC in SIB2. This is a cell specific UL CC where a UE finds its PRACH resource and transmits PUCCH and PUSCH. All Rel-8/9 compatible cells should possess this cell specific linking. Since SIB2 linking almost never changes, it can be called static linking.
In Rel-10, with the introduction of CA, multiple UL CCs can be configured to a UE. Moreover, besides the static SIB2 linking, new types of linking were created to meet the design purpose. We further investigate these linking types on different channels in following sections.
2.1 DL/UL linking of grant with CIF
From RAN1 #60 agreement, cross carrier scheduling in UE specific search space should be supported by explicit CIF always. And for a UL grant, PHICH is transmitted only on the DL CC that was used to transmit the UL grant. Therefore, a new DL/UL linking is defined for a cross carrier UL grant. Since this linking is grant specific and only lasts for the life cycle of this particular UL grant, it can be called dynamic linking. Note that if CIF points to the SIB2 linked UL CC, then this dynamic linking is the same as static linking.
For a DL grant, a UE has to reply ACK/NACK on PUCCH. Also from RAN1 #60 agreements, there would be only one UE specific PUCCH which is configured on one of the UL CCs. All PUCCH Ack/Nack would be sent on this UL CC. It is proposed to further confirm this PUCCH UL CC is the UL PCC in RAN2. The PUCCH is semi-statically configured to a UE and this new linking can be called semi-static linking. For a DL grant, all DL CCs are linked to UL PCC.
Figure 1 illustrates the dynamic linking and semi-static linking introduced by cross carrier scheduling in CA.
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Figure 1 DL/UL linking for grant with CIF
(Left: UL grant, Right: DL grant)
Proposal 0 Confirm PUCCH UL CC is UL PCC. For UL grant with CIF, dynamic linking is implied between the grant received DL CC and the scheduled UL CC. For DL grant with CIF, semi-static linking is implied between scheduled DL CC and UL PCC.
Proposal 0 may already be implied or covered by past discussion, but we think it is beneficial to state clearly that this is the assumed linking for grant with CIF.

2.2 DL/UL linking of grant without CIF

RAN1 #60 agreed that CIF is not included in common search space, so it is possible for a UE to receive Rel-8/9 grants, i.e. without CIF, even after enter CA mode. For a DL grant, semi-static linking can be used naturally. However, for a UL grant, there are two options: to reuse the static/semi-static linking or to define another linking.
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Figure 2 DL/UL linking for grant without CIF 
(Left: removed UL CC configuration, Right: N-to-1 configuration)
In Figure 2, we illustrated two possible scenarios: N-to-1 configuration and removed UL CC configuration. For N-to-1 configuration case, the static SIB2 linking is given at the configuration, so for a UL grant without CIF, either static or semi-static linking can be used to identify the scheduled CC. However, for removed UL CC configuration case, the static linking is not available, only semi-static linking can be used. If the intention is to support both scenarios in LTE-10, only semi-static linking can be used for UL grant without CIF.
Reusing the static SIB2 or semi-static linking limits the flexibility of scheduler, e.g. for SIB2 linking, it is not available for removed UL CC configuration or for semi-static linking, only UL PCC can be assigned with UL grant without CIF. Therefore, it is proposed to define a new linking for UL grant without CIF. This linking can be given at the time of addition and last until the time of removal for a CC. It is FFS if this new linking can be modified.
Proposal 1 For DL grant without CIF, semi-static linking is used.

Proposal 2 For UL grant without CIF, 
a) SIB2 static linking is used;

b) semi-static linking is used;
c) a new linking is defined between the grant received DL CC and a predefined UL CC. This new linking is given with CC addition and removed at CC removal.
2.3 DL/UL linking of PRACH

For contention based RA, RAN2 has agreed that SIB2 static linking is used and when UE is configured with PRACH resource on a UL CC, the SIB2 linked DL CC should always be available to the UE. Since the UL grant in Rel-8/9 RAR does not have CIF, it is further proposed to use static linking to decide the UL CC of the UL grant for Msg3. Following the PHICH rule by RAN1, PHICH for Msg3 is provided on the DL CC where the UE received RAR, for which the linking is also the static linking.
For RA with dedicated preamble, again the simplest solution is to apply SIB2 static linking as well. However, since the UE identity is known to eNB when it receives the dedicated preamble, the eNB also knows the operating CC set of the UE, there seems to be no problem for eNB to send RAR on any CC that the UE is currently monitoring. Also, there seems to be no problem for the UE to monitor RA-RNTI on the CCs it is currently monitoring. Therefore, it is proposed to allow eNB to decide which CC to send RAR. The grant in RAR can be seen as a UL grant without CIF and apply the same procedure.
Figure 3 illustrated the RA procedure with contention and dedicated preamble.
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Figure 3 DL/UL linking for RA 
(Left: RA with contention preamble, Right: RA with dedicated preamble)
Proposal 3 For a UE initiates a RA with contention preamble, SIB2 static linking is used to find RAR and to decide the UL CC of the grant for Msg3. 
Proposal 4 For a UE initiates a RA with dedicated preamble, UE shall monitor all activated CCs for RAR. Then,
a) SIB2 static linking is used;

b) the new linking (proposal 2) is used;

to decide the UL CC of the grant for Msg3.

Proposal 5 PHICH feedback for Msg3 is on the DL CC where RAR is received.

2.4 DL/UL linking for power control
RAN1 has agreed that TPC in a UL grant is applied to UL CC of the grant; TPC in a DL grant is applied to the UL CC where ACK/NACK is transmitted, i.e. UL PCC.
For TPC in DCI format 3/3A, RAN1 has not agreed on whether cross carrier assignment is needed for power control or what would be the format for cross carrier power control command. If UL CC is explicitly indicated in a power control command, UE simply adjusts the transmission power on the corresponding UL CC. However, if there is no explicit UL CC indication, it is proposed to use SIB2 static linking to find UL CC for power control command. Since every configured UL CC would have a SIB2 linked DL CC, no problem to reuse the Rel-8 mechanism.
Proposal 6 For power control command without explicit UL CC indication, SIB2 static linking is used to identify the UL CC.

3 CC management
In this section, we want to first clarify the labeling of CC or the carrier indictor field (CIF), on which RAN1 has decided the mapping should be UE specific and configured by RRC. It is our belief that CIF is used to label DL CC but it is not so clear how it applies to UL CC, i.e. which linking we should use to decide the CIF of UL CC. Since this mapping either for DL or UL is better to be static, it is proposed to use SIB2 static linking to decide the CIF of UL CC. In other words, if a DL CC has CIF=x, its SIB2 linked UL CC would have CIF=x as well. For N-to-1 configuration, a UL CC can have more than one CIF value. Couple examples are illustrated in Figure 4.
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Figure 4 CIF for UL CC

(Left: removed UL CC configuration, Right: N-to-1 configuration)
Proposal 7 Static linking is used to decide the CIF for UL CC.
3.1 CC addition/removal
In RAN2 #69, it has been agreed that addition/removal of DL or UL CC only is supported. In this section, we further discuss the linking on such addition/removal.
For CC addition/removal, semi-static linking should always clear since all DL CCs are linked to the UL PCC. So does the dynamic linking since it is grant specific. However, SIB2 static linking and, if agreed, the new linking (proposal 2) require further thinking.
For DL CC only addition, a linking (decision on proposal 2) for grant without CIF should be clear after configuration. For UL CC only addition, it was already agreed that its SIB2 linked DL CC should also be configured. Note that this SIB2 linked DL CC can be either configured with the UL CC or an existing DL CC which configured earlier by a DL CC only addition.
For DL CC only removal, if this is the only SIB2 static linking to a UL CC, the UL CC should also be removed. For UL CC only removal, any new linking (proposal 2) to it is broken. It is optional to relink a DL CC with broken new linking to another UL CC.
Above restriction assures linking would be always clear after CC addition/removal.
Proposal 8 For DL CC only removal, if it is the only SIB2 static linking to a UL CC, the UL CC should also be removed.
3.2 Dedicated SI
If R-8/9 compatible CC is assumed, SIB2 UL SI would always be broadcasted on that cell. It was agreed that dedicated signaling is used to provided necessary SI when CC addition. However, it is unknown whether the SI provided by dedicated signaling or dedicated SI should always be identical to the broadcasted SI. If they are forced to be identical, when eNB does not want to configure PUCCH or PRACH for a CC, it still has to include those UL SIs on the dedicated SI and find another way to tell the UE not to use it. Since this dedicated SI is provided on dedicated resource, we do not see backward compatibility is a problem. Therefore, it is proposed to make these UL SI info optional in dedicated SI. 
For example, if PRACH IE is absent, it implies that PRACH is not configured for the UE. And if PUCCH IE is absent, it implies that this is a UL SCC.
Proposal 9 UL SIs are optionally included in dedicated SI.
a) If rach-ConfigCommon is included in dedicated SI, the PRACH is configured to the UE on UL CC of ul-carrier. Otherwise, there is no PRACH resource for the UE on this UL CC.
b) If pucch-ConfigCommon is not included in dedicated SI for a UL SCC configuration.
4 Conclusion
In this document, we first discussed the DL/UL linking for various cases:

· Grant with or without CIF

· RA procedure with contention or dedicated preamble

· Power control

Four types of linking were used:

· Static linking: cell specific SIB2 linking

· Dynamic linking: grant specific linking, for a UL grant with CIF, between the grant received DL CC and the scheduled UL CC
· Semi-static linking: UE specific linking, for a DL grant, between the grant receive DL CC and UL PCC
· New linking: UE specific linking, for a UL grant without CIF, between the grant received DL CC and a predefined UL CC.
First three types of linking were agreed or implied by discussion so far. The last one is proposed by this contribution. Detailed proposals are listed:

Proposal 0 Confirm PUCCH UL CC is UL PCC. For UL grant with CIF, dynamic linking is implied between the grant received DL CC and the scheduled UL CC. For DL grant with CIF, semi-static linking is implied between scheduled DL CC and UL PCC.
Proposal 1 For DL grant without CIF, semi-static linking is used.

Proposal 2 For UL grant without CIF, 

a) SIB2 static linking is used;

b) semi-static linking is used;
c) a new linking is defined between the grant received DL CC and a predefined UL CC. This new linking is given with CC addition and removed at CC removal.

Proposal 3 For a UE initiates a RA with contention preamble, SIB2 static linking is used to find RAR and to decide the UL CC of the grant for Msg3. 

Proposal 4 For a UE initiates a RA with dedicated preamble, UE shall monitor all activated CCs for RAR. Then,

a) SIB2 static linking is used;
b) the new linking (proposal 2) is used;

to decide the UL CC of the grant for Msg3.

Proposal 5 PHICH feedback for Msg3 is on the DL CC where RAR is received.
Proposal 6 For power control command without explicit UL CC indication, SIB2 static linking is used to identify the UL CC.

Proposal 7 Static linking is used to decide the CIF for UL CC.
Proposal 8 For DL CC only removal, if it is the only SIB2 static linking to a UL CC, the UL CC should also be removed.
Proposal 9 UL SIs are optionally included in dedicated SI.

a) If rach-ConfigCommon is included in dedicated SI, the PRACH is configured to the UE on UL CC of ul-carrier. Otherwise, there is no PRACH resource for the UE on this UL CC.

b) If pucch-ConfigCommon is not included in dedicated SI for a UL SCC configuration.
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