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1 Introduction
Linkage between DL and UL has been discussed in the last RAN2 meeting [1-3], and some conclusions were reached:
1) Contention based access, the response will be sent in accordance with linking indicated in SIB2
2) When a UE is configured with a UL CC (on which it can transmit a contention based RA preamble), it should also be configured with the DL CC linked with the UL CC by the “SIB2 cell specific linkage”
However, there are several open issues for further study, which are:

1) Linkage between PDCCH (power control) and PUCCH/PUSCH

2) Linkage between random access with dedicated preamble and response
3) Linkage between DL PCC and UL PCC

4) Linkage between PDCCH (UL grant) and PUSCH without CIF
In this contribution, the above mentioned issues are analyzed and some proposals are given.
2 Discussion
2.1 Linkage between PDCCH (power control) & PUCCH/PUSCH
In Rel-8, PDCCH with DCI format 3/3A is used to indicate the transmission power control for PUSCH/PUCCH based on SIB2 cell specific linkage. 
Considering interference situation is different on different DL CCs, cross carrier indication PDCCH (indicating DL assignment and UL grant) is introduced in CA and is expected to be transmitted on a reliable DL CC, such as DL PCC. Similar transmission reliability for PDCCH (indicating power control) is required, which means the PDCCH (indicating power control) also needs to be transmitted on a reliable CC. As shown in Figure 1, it is assumed that DL CC1 is more reliable than DL CC2. Therefore, the PDCCH indicating the transmission power control of UL CC1 and UL CC2 for UE1 are both transmitted on DL CC1, which means that UE specific linkage needs to be supported for linking the PDCCH (indicating power control) to PUCCH/PUSCH.
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Figure 1 UE specific linkage between DL and UL for TPC
Proposal 1: UE specific Linkage is proposed to be supported for linking PDCCH (indicating power control) to PUCCH/PUSCH
In Rel-8, one PDCCH (indicating power control) can contain multiple TPC commands, and each TPC command corresponds to one UE. As shown in Figure 2, TPC command1 corresponds to UE1, which means that UE1 adjusts its transmission power for PUCCH according to TPC command1. The mapping between TPC command and corresponding TPC-RNTI is configured by TPC-PDCCH-Config sent from eNB.
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Figure 2 Mapping between TPC commands and corresponding UE in Rel-8

In Rel-10，one UE may be configured with multiple UL CCs. Considering different interference on different UL CC, individual TPC for each UL CC is required, which means that TPC command needs to be mapped to the UE on a specific UL CC. For this purpose, it is proposed that the TPC-PDCCH-Config can be enhanced to map among TPC index, TPC-RNTI and CC, An illustration is shown in Figure 3. By means of the enhanced TPC-PDCCH-Config, one PDCCH can contain TPC for multiple UEs on multiple UL CCs. For example, TPC command1 indicates the transmission power control for UE1 on UL CC1, while TPC command2 indicates the transmission power control for UE1 on UL CC2.
In RAN1, method for mapping among TPC command and CC is also being discussed, such as embedding CIF into PDCCH, etc[4]. But in our understanding, those methods lead to additional overhead due to introduction of new DCI format, even if DCI format size is unchanged. Therefore, it is preferred to implement the mapping based on enhanced TPC-PDCCH-Config.
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Figure 3 Mapping among TPC command, UE and CC
Proposal 2: Mapping among TPC index, TPC-RNTI and CC is proposed to be based on enhanced TPC-PDCCH-Config
2.2 Linkage for Random Access 
2.2.1 Linkage for RA with dedicated preamble
According to the agreement of UL/DL linkage for contention based RA, the response will be sent in accordance with linking indicated in SIB2. The remaining issue is for contention-free RA, whether SIB2 linking is applicable or a UE specific linking is applicable.
In Figure 4, assume that eNB configures a UE specific linkage between DL CC2 and UL CC1 for contention-free RA. If UE1 initiates random access on UL CC1 with same preamble as which UE2 sent on UL CC2, and the PRACHs used by UE1 on UL CC1 and UE2 on UL CC2 are identified by the same RA-RNTI, eNB can not correctly response these two UEs with a single RAR according to current specification.
It seems that a straightforward solution to avoid this kind of collision is to reserve the dedicated preamble across all the UL CCs. It means that the dedicated preamble allocated to UE1 can not be used by all the other UEs on all UL CCs. In this way the response for contention-free RA could be sent in accordance with UE specific linkage. However, the unique dedicated preamble reservation on all UL CCs will lead to the low efficiency of preamble usage.
Furthermore, if both SIB2 cell specific linkage for contention based RA and UE specific linkage for contention free RA are supported, UE and eNB have to handle RA procedure based on different types of RA, which will obviously increase the implementation complexity.

Based on the above analysis, it is difficult for us to find clear benefit of introducing UE specific linking for contention-free RA, especially considering low efficiency of preamble allocation and extra complexity. 
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Figure 4 UE specific linkage for dedicated preamble RA 
Proposal 3: SIB2 cell specific linkage is proposed to be used for contention-free random access
2.2.2 Discussion on the DL CC state configured for contention based RA
In the last meeting, it has been agreed “When a UE is configured with a UL CC (on which it can transmit a contention based RA preamble), it should also be configured with the DL CC linked with the UL CC by the “SIB2 cell specific linkage”. An illustration is shown in Figure 5, where DL CC1, which is linked with UL CC1 by SIB2, is configured for possible RAR transmission, but it is deactivated. 
After UE sends random access preamble on UL CC1, eNB will send RAR on DL CC1. If at this moment DL CC1 is deactivated, some clarifications are needed. According to current agreement, on a deactivated DL CC, the UE does not receive PDCCH nor PDSCH. However, in this scenario, UE needs to receive both PDCCH masked with RA-RNTI/C-RNTI and PDSCH with RAR on this DL CC. Therefore, it is necessary to clarify whether DL CC1 should be still seen as a deactivated CC, on which RAR related PDCCH/PDSCH transmission is allowed as special operations, or an activated CC which is activated when RA is initiated and deactivated when RA is finished. For the later option, both the activation and deactivation could be performed in an implicit way.
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Figure 5 Component carrier state
Proposal 4: It is proposed to clarify the state of configured DL CC when RA procedure is performed on it
2.3 Linkage between DL PCC and UL PCC
With more and more micro eNB deployed in future network, such as HeNB, interference between neighbouring cells is becoming serious, which may result in different reliability for SIB2 cell specific linked UL and DL. As shown in figure 6, UE1 activates DL CC1 and UL CC1, UE 2 activates DL CC1/CC2 and UL CC1/CC2, UE3 activates DL CC2 and UL CC2. In this figure, UE2 will be interfered by HeNB1 on DL CC1, and also interfered by UE3 on UL CC2, which makes UL CC1 and DL CC2 more reliable for UE2. According to the current discussion, DL PCC and UL PCC are expected to be more reliable than other SCCs. Therefore, it is more suitable to set UL CC1 and DL CC2 as UL and DL PCC for UE2, which means that configuring DL PCC and UL PCC with UE specific linkage is more flexible. 
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Figure 6 Set DL/UL PCC with UE specific linkage
Proposal 5: UE specific linkage is proposed to be supported for DL PCC and UL PCC configuration
2.4 Linkage between PDCCH (UL grant) and PUSCH without CIF
More DL CCs may be activated than UL CCs to meet service requirement, as shown in Figure 7, where the linkage between PDCCH (UL grant) and PUSCH needs to be defined.

In our understanding, it is a natural way that the linkage between PDCCH (UL grant) and PUSCH without CIF is defined in SIB2, i.e. cell specific way, which means that the PDCCH (grant for UL CC1) can just be scheduled on DL CC1. If more PDCCH scheduling flexibility is expected [1], such as sending grant for UL CC1on DL CC2, CIF could be used. We do not see the necessity of defining UE specific linkage between PDCCH and PUSCH with some other methods than CIF.

[image: image7.emf]Activated Activated

Activated Deactivated

DL

UL

CC1 CC2

Link PDCCH (UL grant) to PUSCH


Figure 7  Linkage for PDCCH (UL grant) to PUSCH
Proposal 6: SIB2 cell specific linkage is proposed to be applied when CIF is not used
3 Conclusion
In this contribution, the follow proposals related to linkage are given:

1. UE specific Linkage is proposed to be supported for linking PDCCH (indicating power control) to PUCCH/PUSCH
2. Mapping among TPC index, TPC-RNTI and CC is proposed to be based on enhanced TPC-PDCCH-Config
3. SIB2 cell specific linkage is proposed to be used for contention-free random access
4. It is proposed to clarify the state of configured DL CC when RA procedure is performed on it
5. UE specific linkage is proposed to be supported for DL PCC and UL PCC configuration
6. SIB2 cell specific linkage is proposed to be applied when CIF is not used
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