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1 Introduction

In RAN1#59 meeting, a way forward on carrier indicator field (CIF) was approved [1], including that configuration for the presence of CIF is UE specific, and CIF (if configured) is a fixed 3-bit field, etc. In this paper, the remaining issues on cross-carrier scheduling, such as interpretation and inclusion of CIF, are analyzed, and our proposals are given finally.
2 Interpretation of CIF
For the interpretation of CIF, there are following two methods:
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Fig. 1. CI interpretation

The first one is cell-specific CI interpretation as illustrated in Fig. 1(a), where CI value is interpreted uniquely based on the CC configuration of the cell [2].

Pros:

· Simplified implementation for eNB. 

Cons:
· Additional signalling for interpreting the CI values is necessary, e.g., UE needs to know all the CC configuration of the cell including those CCs are not configured to it.

· Extensibility is not good, e.g., not applicable to the future use case if the cell have 10 CCs.

The second one is UE-specific CI interpretation as illustrated in Fig. 1(b), in which CI value is interpreted based on the CC configuration of a specific UE.
Pros:

· High efficiency for CI utilization can be achieved, because UE can interpret the CIF based on UE DL CC set, without knowing the whole CC configuration of the cell. 

· Expandability is good, because it is always applicable and transparent to UE as long as the number of aggregated CCs for one UE does not exceed 8, no matter how many CCs the cell has. 
Cons:

· Implementation complexity for eNB is increased a little bit, which is not a big problem because of UE-specific carrier aggregation. 

We prefer UE-specific CI interpretation scheme by its high efficiency and good extensibility.
Proposal 1: CIF interpretation is UE-specific.
3 CIF inclusion for DCI formats 
3.1 DCI formats in common search space

Common control channel (P/SI/RAR/TPC-RNTI)

For common control channels whose DCI formats are scrambled with P/SI/RAR (RACH response)/TPC-RNTI and transmitted in common search space (SS), if possible, they can be shared by both Rel-10 and Rel-8 UEs without including CIF. Otherwise, eNB has to transmit two kinds of common DCI formats with and without CIF respectively to Rel-10 and Rel-8 UEs, which will complicate the implementation for eNB and also increase the number of blind decodings and the PDCCH blocking probability for common SS. Specific analysis for common control channel with each RNTI is provided below.
For P-RNTI scrambled DCI format, based on the agreement of RAN2 meeting, every downlink CC only provides its own CC specific system information (SI), so the RRC_IDLE UE only receives the camped CC’s SI, so this DCI format do not need to include CIF. Paging in active state is used for SI update, the procedure of which in Rel-8 is that, UE updates the SI once detecting its own paging message. One method is that, CIF is included in paging or SI DCI format, however, eNB will need two kinds of DCI formats for paging or SI. Another one is that, SI can be conveyed by RRC dedicated signalling which will introduce a different SI update notification mechanism by a new RRC signaling or by extending an existed RRC signalling. Compared with other methods, it has smaller delay at the expense of additional signaling overhead. However one LTE-A UE can be configured up to 5 carriers for CA transmission, so the signaling overhead is not negligible [3]. The most promising method may be that, the CC whose SI is updated can be conveyed in the paging message, that means paging message need to be modified to indicate the CCs whose SI is changed. Once UE receive the SI modification indication in paging message that indicates the CCs whose SI has changed, UE will read SI on the corresponding aggregated CCs accordingly [3]. For the last method, CIF do not need to be included in the paging and SI DCI formats.
SI-RNTI scrambled DCI format is used for SI update and SI delivery for new added CC, and the former can be referred to the last paragraph for analysis of P-RNTI. For the latter, it has been decided by RAN2 that, when configuring a new CC, dedicated RRC signalling is used for sending CCs’ “urgent system information” which is necessary for CC transmission/reception (Rel-8 handover behaviour) [4]. 
RAR-RNTI scrambled DCI format is used for RACH response in both idle and active states. For idle state RAR, UE only needs to monitor one carrier without any carrier aggregation information, so this DCI format does not need to include CIF. In active state, RACH procedure can be initialized by the PRACH order with contention-based (all “0” state for PREAMBLE index) or contention-free scheme. For the contention-based one, eNB will transmit the RAR on the DL CC paired with the UL CC where the PRACH preamble is transmitted, so no CIF is needed in the RAR DCI format. For the contention-free scheme, CIF can be included in the RAR DCI format, but to get the alignment for the RAR scheme, the straightforward scheme is the same with that for contention-based RACH where CIF is not needed.
For TPC DCI formats 3/3A, the inclusion of CIF will depend on whether TPC commands for multiple CCs of a UE can be conveyed in one DCI format 3/3A. In the case of asymmetric CA with more UL CCs than DL CCs, CIF is needed if Rel-8 TPC DCI 3/3A is reused. Otherwise, high layer RRC configuration for TPC needs to be modified to share DCI 3/3A with Rel-8 UEs, however, it may be not a big problem with the premise of good load balance. 
Table. 1.
CIF inclusion for common control channels (P/SI/RAR/TPC-RNTI)
	
	
	CIF inclusion

	P-RNTI
	Idle state
	No (UE only monitor one CC)

	
	Active state
	No (SI modification indication in paging message, and UE receive the SI on the corresponding CC, depending on RAN2 decision and carrier type discussion)

	SI-RNTI
	New added CC
	No (RRC dedicated signaling)

	
	SI update
	No (Refer to paging in active state)

	RAR-RNTI
	Contention-based
	No (UE only monitor one CC)

	
	Contention-free
	No (To align the RAR signalling for both contention-based and contention-free schemes)

	TPC-PUCCH-RNTI/

TPC-PUSCH-RNTI
	Can be no  (high layer RRC configuration for TPC needs to be modified to share DCI 3/3A with Rel-8 UEs)


Conclusion: There is no need to include CIF in the DCI formats for common control channel (P/SI/RAR/TPC-RNTI) in common SS.

UE-specific control channel (C-RNTI)

In Rel-8, UE-specific C-RNTI scrambled DCI format 0/1A can be scheduled in common SS without increasing the number of blind decodings, because the payload size is the same for DCI format 0/1A/3/3A. In Rel-10, the introduction of cross-carrier scheduling in UE-specific SS can increase the scheduling flexibility a lot, so the flexibility in common SS will become marginal considering that, the size (16CCEs) and CCE aggregation levels (4 and 8) of common SS are limited in addition that common control channels are scheduled in common SS. To be more serious, additional 6 blind decodings are increased by the C-RNTI scrambled format 0/1A with CIF. However, it can be FFS whether C-RNTI scrambled format 0/1A without CIF in common SS can schedule the same DL CC or one default UL CC or not.
Conclusion: CIF is not included in the C-RNTI scrambled DCI formats 0/1A in common SS.

Proposal 2: CIF is not included in the DCI formats in common search space.
3.2 DCI formats in UE-specific search space

In the agreed way forward on CIF in RAN1 #59 meeting, configuration for the presence of CIF is UE specific, so for cross-carrier scheduling CIF it is better to be included for all the DCI formats in UE-specific SS to simplify the design at eNB side. However, one argument is if the payload sizes of multiple aggregated CCs are different due to different CC bandwidths or transmission modes, CIF can be not included for DCI differentiation [5]. Unfortunately, DCI payload size ambiguity may occur among the DCI formats with and without CIF, which can be solved by padding bit(s) to the ambiguous DCI formats as done in Rel-8. However, it will complicate the DCI payload design and all the payload size ambiguity needs to be exhaustively enumerated, and the specification will be even more complex if more DCI formats are introduced in future releases.
Proposal 3: CIF is included in all DCI formats in UE-specific search space.
4 Conclusion 

In this contribution, the remaining issues on cross-carrier scheduling, such as interpretation and inclusion of CIF, are analyzed, and accordingly our proposals can be concluded as following.
Proposal 1: CIF interpretation is UE-specific.
Proposal 2: CIF is not included in the DCI formats in common search space.
Proposal 3: CIF is included in all DCI formats in UE-specific search space.
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