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1
Introduction
One of the candidate enhancements included in the LTE carrier aggregation enhancement WID [1] is “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands”. 
In RAN1#68bis meeting [2], it was extensively discussed on how to support half duplex UE with inter-band CA with different TDD configurations on different bands. Related collusions are as follows.
For PUSCH HARQ-ACK and scheduling timing, to confirm the working assumption from RAN1#68:
· For half-duplex case, follow SCell SIB1 configuration in case of self scheduling.
On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)
· In case of self scheduling
· 
For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing
· Can be revisited after discussion of other DL and UL cases
· 
FFS which alternative to choose for half-duplex case, in case of self scheduling,
· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration
· Alt 2: the transmission direction is determined by eNB
On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)
· In case of self scheduling
· 
For half duplex case, working assumption is the timing table in alternative 1
·   In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs.

· 
FFS which alternative to choose for half-duplex case, in case of self scheduling,
· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration
· Alt 2: the transmission direction is determined by eNB
In this contribution, we will provide our view on how to support half duplex UE configured with inter-band CA with different TDD configurations on different bands.
2
Discussion
From standardization point of view, the main impact in supporting half duplex operation is the HARQ and scheduling timing. Basically, there will be a look-up table specifying the reference configuration for timing for each pair of combined TDD configurations. The current problem is whether half and full duplex operation should follow a same timing table, or there should be separate timing tables for half and full duplex operation, respectively.
In our view, same table or separate tables will not make much difference in the standard efforts, and the most important deciding factor should be the transmission direction in the conflicting subframes, as it is the essential mode of operation of half duplex, and specification should just reflect how the system is supposed to be operated.

Proposal 1: For half duplex operation, the transmission direction in conflicting subframes should be firstly decided, and the timing can be then designed accordingly.
There are 2 alternatives to decide the transmission direction, namely
· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration
This is a simple and clean solution, and the benefit is that scheduling constraint for the half duplex UE is clearly known at the eNB after CA is configured, thus enabling a simple eNB scheduler implementation. In particular when cross-carrier scheduling is configured, eNB can treat the half duplex UE as if it is configured same TDD configuration among all carriers. 

The drawback is the transmission direction in conflicting subframes is fixed and cannot be flexibly selected between UL and DL. This does not seem to be a big problem to us, since half duplex UE anyway cannot fully enjoy the benefit of CA with different TDD configurations on different bands, and it does not make much sense to complicate eNB scheduler implementation for it.
· Alt 2: the transmission direction is determined by eNB
The basic idea of this alternative is that if an UL transmission is scheduled/configured in a conflicting subframe, the half duplex UE will enable UL in that subframe; otherwise, UE will enable DL and monitor DL resources in that subframe. The benefit is flexible transmission direction in conflicting subframes; however, we cannot see much gain in such flexibility. For example in Figure 1, DL is dynamically determined by eNB in subframe#3, and as a result UL resource on PCell cannot be used; this would further limit the scheduling of subframe#7/8 on PCell due to lack of PUCCH for HARQ feedback.
eNB scheduler implementation is complicated with varying scheduling constraint. For example still in Figure 1, a PUSCH transmission in subframe#7 on SCell will have its PHICH feedback in subframe#3 on SCell, which means DL has to be enabled in subframe#3, and the DL resource in subframe#8 on PCell cannot be used by the UE.
UE implementation is also complicated due to handling of possible DL(UL transition without guard period. 
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Figure 1: Example of half duplex operation with transmission direction dynamically determined by eNB  

Since half duplex operation should not be the optimization target, it does not make sense to have complex eNB and UE implementation for it, especially when the gain of flexible UL/DL in conflicting subframes is not justified. 
Proposal 2: For half duplex operation, Alt 1 (the transmission direction of all subframes follow PCell SIB1 configuration) should be used to determine the transmission direction in conflicting subframes.
Once the transmission direction is decided, the timing table can be decided accordingly. For Alt 1, it is straightforward that the PDSCH HARQ timing on SCell should follow PCell SIB1 configuration, for both Case B and Case C. Further, with cross-carrier scheduling from PCell, the PUSCH HARQ and scheduling timing on SCell should follow PCell SIB1 configuration. Cross-carrier scheduling from another SCell with different TDD configuration should be disabled.   

Proposal 3: For half duplex operation, PDSCH HARQ timing on SCell should follow PCell SIB1 configuration for all cases, and PUSCH HARQ and scheduling timing on SCell with cross-carrier scheduling from PCell  should follow PCell SIB1 configuration. Cross-carrier scheduling from another SCell with different TDD configuration should be disabled.
3
Conclusion
In this paper we provided our view on supporting inter-band TDD CA with different TDD configurations on different bands for half duplex operation, and have the following proposals:
Proposal 1: For half duplex operation, the transmission direction in conflicting subframes should be firstly decided, and the timing can be then designed accordingly.
Proposal 2: For half duplex operation, Alt 1 (the transmission direction of all subframes follow PCell SIB1 configuration) should be used to determine the transmission direction in conflicting subframes.

Proposal 3: For half duplex operation, PDSCH HARQ timing on SCell should follow PCell SIB1 configuration for all cases, and PUSCH HARQ and scheduling timing on SCell with cross-carrier scheduling from PCell  should follow PCell SIB1 configuration. Cross-carrier scheduling from another SCell should be disabled.
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