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1. Introduction
We proposed UE specific linking of UL and DL PCC previously in [1], where motivations for having UE specific linking were mentioned. The main motivation was to address load balancing in the uplink in case of CA-based HetNet. The proposal was not agreed however because Het-net related optimizations were not seen as essential. 
It is our understanding that since then importance and benefit of HetNet have been recognized even more. We therefore revisit the proposal with some additional motivations for supporting UE specific linking of PCC.
2. Recapping Het-Net Scenario
2.1 CA-based HetNet Scenario
CA-based heterogeneous network scenario from [2], Section  9A.2.1:
9A.2.1
CA-based scheme

Carrier aggregation (CA) with cross-carrier scheduling using CIF , described in Section 5.2 and agreed to be part of Rel-10, can be used for heterogeneous deployments. Downlink interference for control signaling can be handled by partitioning component carriers in each cell layer into two sets, one set used for data and control and one set used mainly for data and possibly control signaling with reduced transmission power. One example is illustrated in Figure 9A.2.1-1. For the data part, downlink interference coordination techniques can be used. Rel-8/9 terminals can be scheduled on one component carrier while Rel-10 terminal capable of carrier aggregation can be scheduled on multiple component carriers. Time synchronization between the cell layers is assumed in this example.
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Figure 9A.2.1-1: One example of carrier aggregation applies to heterogeneous deployments.

2.2 Further Observations about Het-Net Scenario
Consider the pico UE in the above scenario. Given that RLF monitoring is based on the quality of the control channel quality, and the control channel on f1 is not reliable in the above example:

Observation 1 (Pico UE): The pico UEs have DL PCC as f2.

Due of the reduced macro power on f2 in this scenario, the macro coverage on f2 will be smaller, and hence most of the macro UEs will have PCC set to f1. Even for the UEs within the coverage of f2, to provide robustness in the mobility case, f1 is a good choice for DL PCC. Also, in case closed (CSG) cells are deployed on one frequency (e.g. f2), and a macro UE with f2 as PCC comes close to a CSG cell, it is likely to see loss of signal quality on the PCC, resulting in RLF. For these reasons, for most macro UEs, the DL PCC will be f1.

Observation 2 (Macro UE): Most macro UEs have DL PCC as f1.
Further, consider the case where UEs are capable of only one UL CC. This can be the case because 
(a) Demand for high rates of carrier aggregation is likely to be downlink driven, and hence available UE products are likely to focus on the single UL case, and 
(b) For DL CCs across bands, it is agreed that only one UL band will be supported.

Observation 3 (UE Capability): It is important to consider UEs capable of only one UL CC.
2.3  Setting of UL CC

For the UE capable of only one UL CC, there are two choices for UL CC setting, either the UL CC linked by SIB2 from f2 (called f2_UL in short), or the UL CC linked by SIB2 from f1 (called f1_UL in short)

If the DL PCC and UL PCC follow the SIB2 linking, then all the Pico UEs will be allocated on f2_UL. This creates a loading imbalance on the pico cell uplink, where f1_UL has no traffic or control channel load. This loading imbalance is relevant to both PUCCH and PUSCH, as the single UL capable UE will transmit PUCCH and PUSCH on the same UL CC.

Similarly, if the DL PCC and UL PCC only follow SIB2 linking, most macro UEs will be allocated f1_UL, creating a loading imbalance on the macro cell uplink.  
Observation 4: It is desirable to balance the load on f1_UL and f2_UL 
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Figure 1: Load balancing on UL for pico UEs
Based on the above observation, it becomes important to set the UL PCC to f1_UL for some of the pico UEs, in order to attain load balancing on PUCCH and PUSCH.

To summarize: UEs may have to share a specific DL CC as the PCC (e.g. single range expansion DL CC), but could be distributed across available UL CCs and have different UL anchor CC. There is, however, only one UL CC that is cell-specifically linked to the specific DL CC, and so mandating DL PCC to be linked to the UL anchor CC would impose that all UEs sharing the same PCC have to share the same UL anchor CC. Allowing for UE specific linking of UL PCC and DL PCC provides load balancing among UL CCs.

2.4 Uplink Interference Concerns

Note that the uplinks on f1 and f2 are both equally usable for the pico cell, given that small path loss to the pico cell from the pico UE. 
Pico load balancing: In addition to using the UL PCC f2, some pico UEs are moved to UL CC on f1. A concern could be raised that the uplink on f1is not usable on the pico cell due to interference from macro UE uplink transmissions. However, this concern can be addressed in several ways:
1. Pico does Load balancing based on observed UL interference: The pico eNB can estimate the interference level seen on the f1 uplink (using its uplink receiver), and then perform load balancing only when the interference is low enough. When there is no macro UE near the pico cell, the interference is likely to low, making load balancing attractive. This load balancing operation is self contained in the pico eNB. 
2. Frequency partitioning on UL: The uplink resource can be partitioned between macro and pico cells on the f1 uplink, for both PUCCH and PUSCH, as shown in Fig. 1. This can eliminate interference from macro UEs to pico UEs on the uplink, and enable pico eNB to provide load balancing on the part of the frequency reserved for pico eNB.
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Figure 2: Macro and pico eNB resource partitioning on PUCCH and PUSCH
Macro load balancing: When load balancing is performed on the macro UL, some macro UEs may be moved to f2 to reduce the load on the main macro frequency f1. The interference caused by pico UEs to the macro UL can be expected to be very small, due to the small path loss for pico UEs to pico eNB. Hence, the macro UEs can receive good service on the uplink f2.On the other hand, the interference caused by macro UEs to the pico uplink on f2 needs to be addressed. Due to the high transmit power of macro UEs, depending on their path loss toward macro and pico eNBs, they could potentially cause interference to the uplink transmissions of the UEs of the nearby pico eNBs. However, the interference issue can be avoided by the following mechanisms: 
1. Load balancing is done based on existing UL interference management framework: Load balancing is not done for macro UEs that report a strong DL measurement from a pico cell.
2. Load balancing is done based on UE path loss: Load balancing that includes pico UL PCC f2 is applied only to the macro UEs that have coverage on the macro DL SCC f2 with low power transmission. This implies that such UEs have a path loss toward macro eNB that is not worse than toward a pico eNB, and hence would not inject significant UL interference to the pico eNB.
3. Frequency portioning on UL: The uplink resource can be partitioned between macro and pico eNBs on the f2 uplink, for both PUCCH and PUSCH. This provides for full flexibility in choosing the macro UEs for load balancing. 
3. New use cases

3.1 TDD CA of different configurations
In TDD CA of different configurations, in particular when a scheduling PCell is DL heavy, it can happen that there isn’t enough UL subframes to support PDSCH HARQ timing specified for the cross-carrier-scheduled SCell. This problem can be addressed by UE-specific linking as the UL PCC with PUCCH can be configured to be the one with sufficient number of UL subframes.
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Figure 3:
TDD CA using UL subframes of the non-SIB2 linked UL to convey 
An example is shown in Figure 3. By configuration, CC1 is designated as the UL PCC and CC2 as DL PCC. In case of cross-carrier control, grants for CC1 are transmitted on CC2 according to the CC1 timeline (as defined for CC1 UL-DL subframe configuration). Note that CC2 can accommodate the scheduling timeline for CC1 PDSCH since it has more DL subframes than CC1. HARQ feedback for CC1 is transmitted on CC1 PUCCH following the CC1 timeline. HARQ feedback for CC2 following the CC2 timeline can also be accommodated on CC1 PUCCH as it has sufficient number of UL subframes. The UE specific linking of the UL and DL PCC allows that each carrier follows the timeline defined by its UL-DL subframe configuration. That is achieved by configuring the carrier that has larger number of DL subframes to be the DL PCC (providing the full support of cross-carrier scheduling) and the carrier with larger number of UL subframes to be the UL PCC (providing the full support for HARQ and CSI feedback). 
3.2 Support for DL-only carrier
DL-only carrier(s) can be deployed, for regional spectrum arrangement reason or DL-only frequency band, and can be used in CA setting to boost DL throughput as shown in the Figure 4. Instead of solely relying on the f1_DL for UL related control signals, it would be desirable to be able to balance PDCCH load between f1_DL and f2_DL. UE specific PCC linking in connected mode can be used for this purpose. 
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Figure 4: PDCCH load balancing on DL

4. Details of UE Specific CC Linking Support
Considering the gains we have shown in the previous sections, we propose:

Proposal 1: UE specific linking of UL PCC and DL PCC shall be supported.
We will discuss some more details below.
4.1 Connection Setup

Initially, after the connection setup, all UEs start with SIB2 based linking of UL/DL CC. Based on the load balancing needs or asymmetry, the network can perform CC reassignment to set a UE specific linking.

Proposal 2: The UE specific DL PCC to UL PCC linking is configured using dedicated signalling, after the connection establishment or re-establishment has been performed with SIB2 based linking.
4.2 RACH Handling
Based on the scenario above, consider a UE with

· Uplink: One CC, PCC=f1_UL

· Downlink: Two CCs, PCC=f2, SCC=f1. Control channel on f1 is not reliable/decodable.

In case of contention based RACH (except Re-establishment and connection setup), when such a UE sends random access preamble on f1_UL, the RACH response has to occur on DL PCC f2. For contention based RACH, the eNB has to know that the response needs to be sent on f2. The ambiguity on which DL CC to send the RACH response can be resolved by defining UL-DL CC specific RACH resources in time, frequency, or signature space.
Proposal 3: For UEs with non-SIB2 based UL PCC and DL PCC linking, a RACH allocation in time/frequency/sequence space shall be made available in order for the eNB to send the response on the appropriate DL CC for contention based RACH.
Note that this allocation need not be broadcasted on SIBs, and can be sent to the relevant UEs by dedicated signalling.

5. Conclusions
The following proposals were made:
Proposal 1: UE specific linking of UL PCC and DL PCC shall be supported.
Proposal 2: The UE specific DL PCC to UL PCC linking is configured using dedicated signalling, after the connection establishment or re-establishment has been performed with SIB2 based linking.

Proposal 3: For UEs with non-SIB2 based UL PCC and DL PCC linking, a RACH allocation in time/frequency/sequence space shall be made available in order for the eNB to send the response on the appropriate DL CC for contention based RACH.
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