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1 Introduction
In RAN1#67 meeting, some progresses in different bands with different TDD UL-DL configurations are achieved, however some aspects are still FFS as following listed:
· The scheduling timing for Rel-11 inter-band CA for supporting different TDD UL-DL configuration is proposed as follows,

· For non cross-carrier scheduling, the same Rel8/9/10 scheduling timing should be used.
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· For the mapping rule of UL Grant and PUSCH transmission (uplink)

· Same scheduling timing rule in Rel8/9/10 should be used.

· For cross-carrier scheduling, if cross-carrier scheduling is supported 
· For the mapping rule of DL Grant and PDSCH transmission (downlink)

· DL Grant and PDSCH are in the same TTI.

· Multi-TTI/cross-subframe scheduling is FFS.

· For the mapping rule of UL Grant and PUSCH transmission (uplink) FFS
In this contribution, we share our views on the cross-carrier scheduling.
2 Discussion
2.1 Cross-carrier scheduling 
For cross-carrier scheduling in different band with different TDD UL-DL configurations, the scheduling problem is that scheduling subframe might be an UL subframe which cannot transmit DL/UL grant, as depicted in Fig.1. For DL scheduling, subframe 8 of SCell can’t be cross-scheduled since the corresponding scheduling subframe is an UL subframe in PCell, i.e. Fig.1(1). Similarly, for UL scheduling, subframe 7 of SCell can’t be cross-scheduled by subframe 3 in PCell, i.e. Fig.1(2).
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Fig 1. Problematic subframe for cross-carrier scheduling

2.1.1 PCell has more UL subframes than that of SCell
In this case, UL grant of PCell may base on its own timing. UL subframe of SCell is a subset of PCell, thus SCell can follow the scheduling timing of PCell. From the perspective of simplicity and backward compatibility, UL synchronized HARQ timing shouldn’t be changed. Moreover, PHICH is transmitted on the Cell carrying the UL grant, so PHICH timing of SCell should also be based on PCell’s.     
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Fig 2. Problem (1)

Proposal 1: In case PCell has more UL subframes than that of SCell, UL grant of SCell can follow PCell timing.
For problematic subframe 3 and 8 there are three solutions for cross-scheduling: 

Cross-subframe scheduling

If cross-subframe scheduling is allowed the corresponding scheduling relation should be defined, i.e., one subframes of PCell should schedule the subframe of the same TTI and subframe 3(or 8) of SCell simultaneously. Thus, the distinction of cross-carrier and cross-subframe DCIs can be explicitly required. The additional signaling can be needed. For cross-carrier scheduling the search space of SCell is concatenated, the cross-subframe DCI search space design need consider. Cross-subframe scheduling also bring the scheduling delay problem because PDSCH and PDCCH will not occur in the same subframe.  
Multi-TTI scheduling

For this method, multiple subframes is scheduled by a single PDCCH, therefore the additional signaling can be necessary to indicate the scheduled TTI set. A possible condition is that one subframe is an initial transmission and another one is retransmission in a multi-TTI scheduling set. This condition can require the additional standardization design. Moreover, the link adaption can be influenced for multiple TTI scheduling using the same time-frequency resources and modulation and coding scheme.
Disable cross-scheduling for conflicted subframe
For subframe 3 and 8, self-scheduling is used. This method has the advantage of simplicity in which less standardization efforts are needed. 
Observation1：Cross-subframe or multi-TTI scheduling needs more specification effort. The additional signaling might be required.
Proposal 2: For conflicted subframe, disable cross-scheduling.

2.1.2 PCell has more DL subframes than that of SCell
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Fig 2. Problem (2)
For the non-conflicted subframe, such as subframe 2 and 7, there are two options for the scheduling grant:
Option1: UL grant is based on the scheduling timing of PCell, as pink line shown in Fig.2.
Option2: UL grant is based on the scheduling timing of SCell, as blue line shown in Fig.2.
In both condition, PHICH subframe of PCell should base on the subframe and timing of Cell transmitting UL grant for keeping backward compatibility.  

For the conflicted subframe, i.e. subframe 3 and 8, option 2 is a natural choice. However, based on SCell self-scheduling timing, the transmitting grant subframe of PCell might not be a PHICH subframe. PHICH subframe can still base on the configuration of PCell, but PHICH resources should be increased.
Observation2：When PCell has more DL subframes than that of SCell:

For non-conflicted subframe, UL grant scheduling timing of SCell can follow PCell or can base on self-scheduling timing.
For conflicted subframe, UL grant is cross-scheduled on PCell subframe based on SCell timing. 

Observation3: The new PHICH subframe shouldn’t be increased.
In the hybrid switch-point periodicity case, the cross-carrier scheduling becomes more complex. As shown in Fig.3, the subframe 7 of SCell cannot be cross-scheduled no matter the scheduling timing of PCell or SCell is used, so the change of scheduling timing seems inevitable in this case.
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Fig.3 hybrid switch-point periodicity case
Proposal 3: Some combinations of UL-DL configurations should be restricted. Combination of the same switch-point periodicity should have higher priority. 
3 Conclusions
In this document, we discussed cross-scheduling of different TDD UL-DL configurations on different bands used in Rel-11. 
Proposal 1: In case PCell has more UL subframes than that of SCell, UL grant of SCell can follow PCell timing.
Observation1：Cross-subframe or multi-TTI scheduling needs more specification effort. The additional signaling might be required.
Proposal 2: For conflicted subframe, disable cross-scheduling.
Observation2：When PCell has more DL subframes than that of SCell:

For non-conflicted subframe, UL grant scheduling timing of SCell can follow PCell or can base on self-scheduling timing.

For conflicted subframe, UL grant is cross-scheduled on PCell subframe based on SCell timing. 

Observation3: The new PHICH subframe shouldn’t be increased.
Proposal 3: Some combinations of UL-DL configurations should be restricted. Combination of the same switch-point periodicity should have higher priority. 
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