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1. Introduction

In RAN2#69 meeting, UL-DL CC linking issue in carrier aggregation systems was discussed, and some agreements were achieved as follows:
	Agreement:

1) Apart from power control, we have 2 cases where UL and DL CC need to be linked:

a) Link RACH access to DL CC for response

b) UL grant provided on PDCCH without CIF; what CC do you sent PUSCH

2) For case a) contention based access, the response will be sent in accordance with linking indicated in SIB2. FFS for dedicated preamble case

3) For case b), it is still FFS whether SIB2 linking is applicable or a UE specific linking is applicable.


Based on this agreement, some aspects still need to be further studied. In this contribution, our discussion on UL and DL CC linkage in Rel-10 carrier aggregated systems mainly covers the following three aspects:

· Contention free RA procedure;
· PDCCH without carrier indicator field (CIF);
· Power Control.
2. Discussion
2.1. CC Linkage for RACH
With respect to contention free RA procedure, if UL CC and DL CC are symmetrically configured or the number of DL CCs is more than that of UL CCs, cell specific linkage indicated in SIB2 will be sufficient. Hence, there is no need to introduce UE specific linkage. 

However, for the case of active UL CCs > DL CCs, it needs analysis whether UE specific linkage is beneficial or not. In figure 1, a UE is configured with 2 DL CCs (DL CC1&DL CC2) and 2 UL CCs (UL CC1&UL CC2) linked with the linkage indicated in SIB2, and DL CC1 is de-activated. DL CC2 is PCC.
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Figure 1                                                                              Figure 2
When contention free RA procedure of this UE is triggered by the network, there are two alternatives for the UE to initiate RA procedure:

· Alt 1: The UE initiates this contention free RA procedure on UL CC1.
1a. DL CC1 is activated; or
1b. UE specific linkage (UL CC1(( DL CC2 shown in figure 2) is configured.
· Alt 2: The UE initiates this contention free RA procedure on UL CC2.
For Alt 1, there are still two options which need to be analyzed.
In Alt 1a, DL CC1 which is the “SIB2 linkage” of UL CC1 is deactivated. In order to transmit RA response, DL CC1 needs to be activated, which results in additional power consumption. DL CC1 can be activated implicitly or explicitly. As implicit activation is not a favorite solution, MAC signalling has to be utilized to explicitly activate DL CC1, which needs uplink synchronization to transmit the feedback of activation signalling. As RAN#47 has agreed to prioritize single TA in Rel-10, uplink in-synchronization will apply to all uplink CCs (UL CC1& UL CC2). Consequently, DL CC1 cannot be explicitly activated, and Alt 1a is not preferred.
In Alt 1b, UE specific linkage is configured via dedicated signalling to avoid unnecessarily activating DL CC1, which increases signalling overhead. Furthermore, it also lowers the PRACH resource utilization. Specifically, assuming that UL CC1 and UL CC2 have the same PRACH resource, UE1 performs contention free RA on DL CC2 and UL CC1, and UE2 performs contention free RA on DL CC2 and UL CC2 (shown in Figure 2). When UE1 and UE2 transmit the same preamble on the same PRACH resource simultaneously, eNB will transmit only one RA response. Meanwhile, both UE1 and UE2 are monitoring the same RA-RNTI on DL CC2. When both UE1 and UE2 receive this RA response, ambiguity appears. In order to eliminate such ambiguity, eNB has to avoid scheduling RA of UE1 and UE2 at the same time, thus PRACH resource utilization is reduced. Therefore, Alt 1b is also not preferred.
To sum it up at this point, Alt 1 inevitably introduces complexity and some drawbacks, and it is inappropriate to initiate contention free RA procedure on the UL CC whose SIB2 linking DL CC is deactivated.
The main factor guiding our choice of preference is that Alt 2 is simple and compatible with Rel-8. The CC linkage indicated in SIB2 is sufficient for contention free RA procedure. In addition, it has been agreed for contention based RA that RA response will be sent in accordance with linking indicated in SIB2. Our preference also unifies contention based and contention free RA procedures. For discussion on RACH procedure, please refer to another contribution [3].
Proposal 1: Contention free RA procedure is performed based on SIB2 linkage.
2.2. CC Linkage for PDCCH without CIF
For a PDCCH without CIF, the linkage of this DL CC for PDCCH to the UL CC for PUSCH should be specified. If UL CCs and DL CCs are symmetrically configured or the number of active UL CCs is more than that of DL CCs, the cell specific linkage indicated in SIB2 will be sufficient. 
As discussed in [2], for the case of active DL CCs > UL CCs (shown in Figure 3), if only SIB2 linkage is utilized, DL CC2 will not be utilized to schedule UL CC1 using PDCCH without CIF. If UE specific linkage (UL CC1(( DL CC2, shown in Figure 4) is introduced, the scheduling flexibility of the eNB will be increased, i.e., DL CC2 can also schedule UL CC1 using PDCCH without CIF. However, it will also increase the blind decoding overhead of UE, which seems more like a RAN1 issue. From the perspective of RAN2, it is unnecessary to introduce UE specific linkage, and the cell specific linkage indicated in SIB2 is well qualified for PDCCH without CIF.
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Figure 3                                                                               Figure 4
Proposal 2: From RAN2 perspective, SIB2 linkage is sufficient for PDCCH without CIF. 
2.3. CC Linkage for Power Control
For the case of power control, if UL CCs and DL CCs are symmetrically configured or DL CCs are configured more than UL CCs, cell specific linkage indicated in SIB2 will be sufficient to estimate the pathloss.
However, when active UL CCs > DL CCs (shown in Figure 5), the DL CC used for pathloss derivation for power control of UL CC1 needs to be specified. 
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Figure 5
There are three alternatives for the UE to estimate pathloss:
· Alt 1: Assuming RSRP/RSRQ measurements are configured on deactivated DL CCs (DL CC1) and the measurement precision meets pathloss requirements, the deactivated DL CC1 (SIB2 linking of UL CC1) can be utilized for pathloss derivation for UL CC1.
· Alt 2: UE specific linkage (UL CC1(( DL CC2) is configured to derive pathloss for UL CC1.

· Alt 3: DL PCC (DL CC3) is used for pathloss derivation for UL CC1.
Alt 1 seems to be the most compatible solution with Rel-8 for power control, where only cell specific linkage indicated in SIB2 is used. However, whether the RSRP/RSRQ measurement precision meets the pathloss requirements is more like a RAN4 issue. Hence, RAN4’s agreements will guide our choice of preference.
UE specific linkage is introduced in Alt 2. The additional linkage can be configured to the UE via dedicated signalling for power control. 

Compared with Alt 1 and Alt 2, Alt 3 is the simplest one. Many companies expressed such common understanding that several UL CCs in the same band can use the pathloss derived from one DL CC. If such an agreement is finally achieved by RAN4, DL PCC can be simply defined as the one to derive pathloss even for the UL CC whose SIB2 linked DL CC is deactivated. For Alt 3, no explicit signalling needs to be involved. In addition, DL PCC will never be deactivated, so such definition is well and safe. Hence, there will be no demands for CC linkage reconfiguration. 
However, for the case of inter-band, RAN4 points out in [5] that: 

· there are operator scenarios where the bands are widely separated ;
· it is difficult to predict the pathloss on one band based on the measurement in other bands.
Therefore, optimized solutions for inter-band pathloss estimation should be put forward after RAN4’s agreement. So far, utilizing SIB2 cell specific linkage for power control could be a baseline solution to both intra-band and inter-band scenarios. 
Proposal 3: UL-DL CC linkage indicated in SIB2 should be the baseline for power control.
Proposal 4: For any UL CC which is in the same band as UL PCC, DL PCC could be used to derive pathloss for it, even when its SIB2 linking DL CC is deactivated.
2.4. PCC Linkage 
In RAN2#69 meeting, an SI related agreement was achieved that “SI reception for the DL PCC, Rel-8 procedures apply”.
Due to this agreement, it is necessary to make a clarification on PCC linkage. If the linkage between UL PCC and DL PCC is not SIB2 linkage (discussed in [4]), SI updating for UL PCC will not be completed with Rel-8 procedure i.e. paging approach, which conflicts with above mentioned agreement. As a result, UL PCC and DL PCC should be linked based on SIB2 linkage. For discussion on PCC change, please refer to another contribution [4].
Proposal 5: DL PCC and UL PCC are linked based on SIB2 linkage.
3. Conclusions
In this contribution, we discuss the issue of UL and DL CC linkage, with the following proposals:
Proposal 1: Contention free RA procedure is performed based on SIB2 linkage.
Proposal 2: From RAN2 perspective, SIB2 linkage is sufficient for PDCCH without CIF. 
Proposal 3: UL and DL CC linkage indicated in SIB2 should be the baseline for power control.
Proposal 4: For any UL CC which is in the same band as UL PCC, DL PCC could be used to derive pathloss for it, even when its SIB2 linking DL CC is deactivated.
Proposal 5: DL PCC and UL PCC are linked based on SIB2 linkage.
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