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1. Background
During RAN1 #60bis, it was agreed that the PDSCH starting symbol position on a cross-scheduled CC can be different from the CFI values on the CC carrying the PDCCH and those on the CC carrying PDSCH. The details are as follows:
· It is agreed that the PDSCH starting position on a cross-scheduled CC can be different from the CFI value on the CC carrying the PDCCH.
· Note that also the PDSCH starting position on a cross-scheduled CC may be different from the CFI value on the CC carrying the PDSCH.
· If the PDSCH starting position on a cross-scheduled CC is agreed to be RRC signalled, then all Rel-8 CFI values are supported as PDSCH starting positions on a cross-scheduled CC. This value can be different from the CFI value on the CC carrying the PDCCH.
In this contribution, we will provide our views on the details of PDSCH starting symbol indication in the perspective of RRC or DCI signaling methods.
2. PDSCH Starting Symbol for Cross-Carrier Scheduling
The PDSCH starting symbol can be determined with the following three options:
· Option A : Through high-layer signaling 
· The PDSCH under cross-carrier scheduling is transmitted from the semi-statically determined PDSCH starting symbol by high-layer signaling. 
· Option B : Through PDCCH on a scheduling CC 
· The PDSCH starting symbol of the PDSCH CC is explicitly transmitted by PDCCH on the PDCCH CC.
· Option C : Fixed and last PDSCH start symbol position

· The mapping of resource elements for cross-carrier scheduled PDSCH starts on the 4th OFDM symbol (or the 5th for system BW of 6RBs).
The Option A [1] can be one of the alternatives, but the merit of cross-carrier scheduling can be dwindled due to limitation of dynamic scheduling. On the other hand, the dynamic scheduling can be still performed in the Option B [2][3] because the PDSCH starting symbol of the scheduled CC is carried by the corresponding PDCCH in the PDCCH CC. Moreover, since the false detection possibility of the PDSCH starting symbol is tied with the corresponding PDCCH decoding error and is confirmed by CRC check, consequent false operations derived from the false detection of PDSCH starting symbol can be avoided. The Option C [4] is the simplest one and has smallest specification impact. However, it could have resource waste in the cross-scheduled CC.
Among the above options, we prefer option B in order to have a backward compatible design and efficient usage of resources. One drawback of the Option B is necessity of additional signaling resource of 1~2 bits, but it can be compensated to utilized unused field in the Rel-10 DCI formats.
Proposal 1: The PDSCH starting symbol position should be explicitly indicated through PDCCH in the cross-carrier scheduling.
3. Details on the Explicit Indication Through PDCCH
Considering PDSCH starting symbol indication method, we should consider Rel-8 UE operations and backward compatibility issue. If the PDSCH starting symbol index for cross carrier scheduling is set to l, i.e., 1, 2, and 3 for
[image: image1.wmf]DL

RB

10

N

>

 assuming the first symbol is indexed by 0, available CFI values carried in PCFICH on that carrier should be limited to 1, …, l which can be less than the maximum CFI defined in Rel-8. For example, the cross scheduled PDSCH starting symbol index is 2, the eNB should transmit PDCCH in the PDSCH CC only with 1 or 2 symbols even a CFI of 3 can be dynamically needed in some subframes. This is a restriction on the Rel-8 design, and non-backward compatible design. Therefore, if we should use an RRC signaling for PDSCH starting symbol in the cross-carrier scheduling, the last symbol position derived from the maximum Rel-8 CFI will be only proper one for the RRC signaling since it’s obvious that RRC signalings couldn’t follow subframe dynamics. 
In addition, there were similar discussions for PDCCH symbol indication method [5]. With lots of analysis and debates, dynamic CFI indication was agreed against slower CFI indication in BCH because variation of scheduled UEs can change fast enough. Even in the cross-carrier scheduled CC, the number of scheduled UEs can be varied. Therefore, resource waste can’t be avoided in subframes where few UEs or no UEs are scheduled.

Therefore, the necessity of RRC signaling scheme seems to be further investigated because it is the same option as the last and predetermined PDSCH starting symbol option considering Rel-8 backward compatibility and it yields resource waste due to subframe-by-subframe variation of the number of scheduled UEs. 
Considering HetNet scenarios where cross-carrier scheduling is most likely to be used, the last PDSCH starting position might be the most useful one because eNB couldn’t dynamically exchange the size of PDCCH control region. Thus, the last symbol position would be a baseline for cross-carrier scheduled PDSCH. However, the fixed and last PDSCH symbol position yields resource waste when CFI in the PDSCH CC is smaller than the maximum. Thus, we can consider jointly encoding the PDSCH symbol position for cross carrier scheduling with CI into 3 bit CIF if it has enough remaining states. 
Table 1 shows an example of the joint encoding. In case of 
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, the possible PDSCH starting symbol indices are 1, 2, and 3 assuming the first symbol is indexed by 0. The number of unused states varies according to the number of configured CCs. With a smaller number of CCs, a full set of PDSCH starting symbol position can be included in CIF, while a limited PDSCH starting point is jointly encoded in the large number of CCs. In case of 2 or 3 CCs, a full set of joint information of CI values and PDSCH starting symbol positions can be included in 3 bit CIF. However, when the number of unused states is less than those of PDSCH starting symbol positions, the last starting symbol position should have the first priority due to backward compatibility issue. Thus, at least, the last PDSCH starting symbol should be included in order not to limit CFI flexibility in the PDSCH CC. The priority of PDSCH starting symbol position should have a descending order, i.e. 3, 2, and 1, in order to minimize resource waste. Thus, the inclusion of B=3 and B=2 is more beneficial than B=1 in case of 4 CCs. 
Table 1. Joint encoding of PDSCH starting symbol index, B with CI (
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)
	CI
	Number of Scheduled CCs

	
	2
	3
	4
	5

	000
	CC0
	CC0
	CC0
	CC0

	001
	CC1, B=1
	CC1, B=1
	CC1, B=2
	CC1, B=3

	010
	CC1, B=2
	CC1, B=2
	CC1, B=3
	CC2, B=3

	011
	CC1, B=3
	CC1, B=3
	CC2, B=2
	CC3, B=3

	100
	reserved
	CC2, B=1
	CC2, B=3
	CC4, B=3

	101
	reserved
	CC2, B=2
	CC3, B=2
	reserved 

	110
	reserved
	CC2, B=3
	CC3, B=3
	reserved 

	111
	reserved
	reserved
	reserved 
	reserved 


Proposal 2: The PDSCH starting symbol indices are jointly encoded with CI into 3 bit CIF in the cross-carrier scheduling, and the last starting symbol position should be at least included in CIF for backward compatible designs.

4. Conclusion

We can conclude with the following proposals:
· The PDSCH starting symbol position should be explicitly indicated through PDCCH in the cross-carrier scheduling.
· The PDSCH starting symbol indices are jointly encoded with CI into 3 bit CIF in the cross-carrier scheduling, and the last starting symbol position should be at least included in CIF for backward compatible designs.
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