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1. Introduction

In RAN1 #58, cross-Component Carrier scheduling with the use of a Carrier Indicator was agreed [1]. Also, in [1] it was mentioned that “solutions to PCFICH detection errors on the Component Carrier carrying PDSCH to be studied” The use of a Carrier Indicator is enabled semi-statically. When used, it is in the form of explicit bits in a DCI, being an index to a CC on which the DCI allocates PUSCH/PDSCH resources. In this contribution, we discuss some issues related to cross-CC scheduling and we provide some simulation results related to the above mentioned PCFICH issue.
2. Discussion
2.2. PCFICH error issue with cross-CC scheduling
In [2], the issue of PCFICH errors on the carrier transmitting cross-CC scheduled PDSCH was described. The Way Forward in [3] states “In case of cross carrier scheduling, a standardized solution will be supported to provide CFI to the UE for the carriers on which PDSCH is assigned. Details are FFS”. Figure 1 shows the PCFICH error rates for 1.4 MHz, 3MHz and 5MHz.
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Figure 1 PCFICH performance
The results confirm the need for a standardized solution considering the PCFICH error rate in low SNR cell-edge conditions.

In the following, we outline two possible solutions to the above problem.

· Solution 1

Include the CFI of the cross scheduled CC into the DCI used to cross schedule the PDSCH.
This solution fully solves the PCFICH error issue but it requires additional overhead in the DCI on top of the additional CIF bits. It can be further optimized by including the CFI bits only when the Carrier Indicator Field points to some other carrier than the PDCCH CC. This does not increase the number of blind decoding trials assuming the proposed one-to-one mapping between the PDSCH CC and the PDCCH CC [4].
· Solution 2

Assume that the CFI of the cross-scheduled CC is the same as the CFI of the CC transmitting the corresponding DCI. 

This solution fully solves the problem in case the CFI values on CCs participating in cross-CC scheduling are the same or when the PDCCH resources are coordinated/used jointly on the CCs (or when the cross-scheduled CC at least doesn’t use a longer PDCCH duration compared to the CC with the corresponding DCI). In case of a CFI mismatch/uncoordinated usage of the PDCCH, there might be some unused or punctured PDSCH REs as illustrated in Figure 2

 REF _Ref242083266 \h 
. These effects are analysed by simulations in appendix B. Based on the result, we observe that:
· PDSCH loss due to uncoordinated CFIs is manageable and can be mainly recovered with HARQ retransmissions.
No modifications to UE processing are incurred, while it could be noted that a smart UE in most of cases can detect the CFI mismatch (if any) and avoid self-interference.
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Figure 2 Solution 2 in case of uncoordinated CFIs
3. Conclusion
In this contribution, we discussed the PCFICH issue related to cross-CC scheduling and presented the related simulation results. Based on the discussion in this paper, we propose:
· Solutions to the PCFICH errors presented in this paper are considered further.
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Appendix A – Simulation Assumption
Table 1 Simulation assumptions

	Parameter description
	Value / Comment

	Transmission bandwidth
	5 MHz

	Channel model, UE velocity
	TU 3 km/h

	Antenna configuration
	1 TX, 2 RX

	Cyclic Prefix 
	Normal

	Channel estimation
	Realistic – 2D Wiener over 1 sub-frame CRS

	TBS / code rates
	Varied

	HARQ
	Incremental Redundancy

	Number of allocated PRBs
	8 PRB pairs for 5MHz

	Number of OFDM symbols for PDCCH/PDSCH
	Varied

	PCFICH detection
	the incorrectness of CFI is not known and not tried to estimate i.e. a wrong assumption is used without verification

	Performance metric
	required SNR for a residual BLER target of 1% vs. code rate / TBs


Appendix B – Simulation Results

In the following results, the reference (black curve) is always the Rel-8 performance without PCFICH errors or the case when the CFI on the PDSCH CC and on the PDCCH CC are aligned. The blue curves show the case when the CFIs on PDCCH CC and on the PDSCH CC are not coordinated.
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a) PDSCH CC’s CFI = 1 OFDM symbol, PDCCH CC’s CFI varied
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b) PDSCH CC’s CFI = 2 OFDM symbols, PDCCH CC’s CFI varied

	[image: image7.jpg]SNR for a residual BLER target of 1% [dB]

PDSCH | 5 MHz | 3GPP-TU-3km/h | ChEst: 2D Wiener | 1Tx-2Rx | Ctrl: 3 05

10 o
—+—11x,s0l2 =

8 —+ =1 tx //F
—+=21x,5012 >
—+ =21

g —%—31x, 5012
- -3

4 —EF—41tx, 5012
—B-4ix

03 04 05 [ 07 08
1t Tx coding rate




c) PDSCH CC’s CFI = 3 OFDM symbols, PDCCH CC’s CFI varied


Figure 3 Performance of Solution 2 (required SNR for a residual BLER target of 1% versus code rate)
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