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Introduction

In RAN1#59, the way forward regarding Carrier Indicator Field (CIF) in LTE-Advanced was agreed [1]. However, the following topics regarding cross-CC scheduling (or CIF) are still open:
· Which DCI format(s) can have CIF and which DCI format(s) can never have CIF and whether all carriers in a UE’s DL CC set carry CIF.

· Upper limit on total number of blind decodes = N x?
· Whether CIF to component carrier index mapping is UE specific or system specific.

In [2] [3], we express our views on these open issues. Furthermore, in this paper, we focus on DCI format 3/3A, and give detailed considerations on how to support cross-CC scheduling for DCI format 3/3A in LTE-Advanced.
Cross-CC Scheduling for DCI Format 3/3A
In LTE-Advanced, CC-specific UL Power Control (PC) is needed for both contiguous and non-contiguous channel aggregation (CA) [4], to ensure the possible operation in separate frequency bands and flexibility for the purpose of interference management.
Furthermore, for CC-specific UL PC:

· The transmission power control (TPC) command(s) for multiple UL CCs may be sent via single DL CC due to asymmetric UL/DL configuration.
· The TPC command(s) intended for a UL CC may be sent on a DL CC, which is different from the DL CC paired with the intended UL CC due to cross-CC scheduling operation.

Based on these, the support of cross-CC scheduling of UL TPC command(s) needs to be addressed, by taking CC-specific UL PC, asymmetric UL/DL configuration, and possible cross-CC scheduling operation into account. 

In the following, we’ll focus on the investigation on how to support cross-CC scheduling for DCI format 3/3A in LTE-Advanced. 
For DCI format 3/3A, as defined in Rel-8:
· It is used for the transmission of TPC commands for PUCCH and PUSCH with multiple 2-bit or 1-bit power adjustments for a group of UEs. 
· The target UE could get TPC command intended for itself based on the parameter tpc-Index provided by higher layers. 
· The CRC of the DCI format 3/3A is scrambled with TPC-PUCCH-RNTI/TPC-PUSCH-RNTI to separate PC commands for different UE groups.
· The payload size of DCI format 3/3A is aligned to that of DCI format 0/1A to avoid additional blind decoding efforts introduced by DCI format 3/3A.
It’s noted that, in [2], it has been addressed that: DCI format 0/1A in the common search space should not carry CIF. Cross-CC resource assignments are to be sent using UE-specific search space.
Based on this, to support cross-CC scheduling for DCI format 3/3A, we see at least the following challenges exist:

· Blind decoding efforts requirement:

· From UE complexity and false positive probability point of view, it’s better to avoid additional blind decoding efforts introduced by the definition about DCI format 3/3A in LTE-Advanced.
· Backward-compatibility requirement:
· DCI format 3/3A defined in LTE-Advanced should have the capability to convey the TPC commands to a mixed group including both Rel-8/Rel-9 and LTE-Advanced UEs. In other words, the definition about DCI format 3/3A in LTE-Advanced should not be the obstacle for Rel-8/Rel-9 UEs to decode corresponding format.
· Reliability requirement:
· To ensure proper PC operation, reliability requirement should have higher priority for DCI format 3/3A, considering that it is used to convey TPC commands to a group of UEs. In other words, same reliability level as that in Rel’8 is preferred.
In [5], [6], the following methods have been discussed to support cross-CC scheduling for DCI format 3/3A:
· Option 1: Cross-CC scheduling for DCI format 3/3A is supported via multiple TPC-PUCCH-RNTI/TPC-PUSCH-RNTI. One implementation is one RNTI per UL CC [5].
· Option 2: Send DCI format 3/3A for LTE-A UEs for a different UL CC by masking the TPC-PUCCH-RNTI/TPC-PUSCH-RNTI with CIF [6].

For option 1, we see the main challenge comes from increased RNTI usage and increased false positive probability due to decreased CRC protection length. It is also the challenge for option 2. In addition, for option 2, it is hard to support co-existence scenario, where Rel-8/Rel-9 UEs and LTE-Advanced UEs are mixed together. 

As discussed previously, the methods introducing increased false positive probability will sacrifice reliability performance of DCI format 3/3A, and are not preferred here. To avoid the potential issues led by existing options:

Proposal: Embed CIF into a fixed position of DCI format 3/3A payload, while the whole DCI format 3/3A payload size is aligned to that of DCI format 0/1A in the common search space. 

Note that, as addressed in [2], DCI format 0/1A in the common search space does not have CIF.
For the proposed scheme at least the following options are possible:

· Option 1: single CIF within one DCI format 3/3A payload as shown in Figure 1.
· One DCI format 3/3A is used to convey TPC commands for one UL CC. 
· The mapping between DCI format 3/3A and UL CC is built according to the value of embedded CIF.
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Figure 1 Single CIF within one DCI format 3/3A payload
· Option 2: multiple CIFs within one DCI format 3/3A payload as shown in Figure 2.

· One DCI format 3/3A is used to convey TPC commands for multiple UL CCs.

· The mapping between DCI format 3/3A and UL CCs is one-to-multiple, which is built according to the value of embedded CIFs. 

· It is possible to use single (as in (a)) or multiple (as in (b)) tpc-Index to indicate TPC commands intended for multiple UL CCs. 
· For single tpc-Index case, one example is that, for certain UE, one tpc-Index is used to indicate the common position offset between intended TPC commands and multiple embedded CIF positions.
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Figure 2 Multi-CIF within one DCI format 3/3A payload
The interpretation of proposed DCI format 3/3A in different scenarios is given in Table 1.

Table 1 The interpretation of DCI format 3/3A in LTE-Advanced
	Scenario
	Interpretation

	CC-specific UL PC & LTE-Advanced UEs configured to support cross-CC scheduling
	Interpret the DCI format 3/3A in LTE-Advanced specific way:

· UE reads both CIF and actual TPC command.

· One UE could drop TPC commands when intended CIF value is outside its configured UL CC set.

	CC-common UL PC, or Rel-8/Rel-9 UEs, or LTE-Advanced UEs not configured for cross-CC scheduling
	Interpret the DCI format 3/3A in Rel-8’s way:

· UE reads its own TPC command only


The proposed method has the following properties:
· No additional blind decoding efforts: the whole payload size is still (as that in Rel-8) aligned to that of DCI format 0/1A (without CIF as addressed in [2]).
· Same reliability level as that in Rel-8: no increased RNTI usage or increased false positive probability- the “valid” CRC length is kept unchanged.
· Backward-compatibility is kept: the definition has no impact to Rel-8/Rel-9 UEs – CIF is invisible to legacy UEs and hence capable of multiplexing TPC commands for different UE types.

· The overhead is significant smaller compared to the case where legacy UEs and LTE-Advanced UEs require their own RNTI. It also means more efficient utilization of potential padding bits, in comparison with the options discussed previously.
Conclusions
In this paper, we gave detailed discussion on how to support cross-CC scheduling for DCI format 3/3A, and proposed that:

To support cross-CC scheduling for DCI format 3/3A without sacrificing backward-compatibility and reliability , it is proposed that a portion of DCI format 3/3A payload is configured to carry an embedded CIF at a fixed position while the whole DCI format 3/3A payload size is still aligned to that of DCI format 0/1A in the common search space.
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