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1. Introduction
In the last RAN1 meetings [1], the issues on TDD-FDD CA HARQ design have been intensively discussed and the agreements were made as:
For TDD-FDD carrier aggregation, at least PUCCH on PCell-only is supported as in Rel-10/11 carrier aggregation, regardless of whether or not UE is configured with UL-CA

· Discuss further whether or not to additionally support PUCCH on SCell
· FFS: TDM switching between PCell and SCell PUCCH
For the case of PUCCH transmission on PCell only:
· For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier
· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing SCell timing regardless whether SCell is TDD or FDD
· When PCell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on SCell with self-scheduling, HARQ timing follows PCell timing
In this contribution, we provide our considerations on specification impact of the potential TDD-FDD CA HARQ designs based on current standardization status.
2. Discussion on Detailed HARQ Design
Generally the HARQ design in LTE/LTE-A is composed with DL HARQ and UL HARQ design. For DL HARQ, since the HARQ feedback for PDSCH or PDCCH indicating DL SPS release is carried on PUCCH (we mainly talk about the DL HARQ feedback on PUCCH, since not in all the UL subframes there exist PUSCH transmission), the DL HARQ design could be an unified design in TDD-FDD CA scenario in both Cross-Carrier-Scheduling (CCS) or Self-Scheduling scenarios for the assumption that PUCCH is transmitted on PCell only (PUCCH on SCell is still FFS). However for UL HARQ, the PHICH, which should exist in the same component carrier with scheduling PDCCH, will be used to feed back the ACK/NACK, thus CCS or Self-Scheduling will definitely affect the UL HARQ design in TDD-FDD CA scenario. In Self-Scheduling scenario, the HARQ design can follow the current HARQ design with no specification efforts, non-degrading performance and can work well. In CCS scenario, the UL HARQ should be improved or redesigned definitely.
2.1. DL HARQ Design
Until last RAN1 meeting, at least “PUCCH on PCell only” is supported while “PUCCH on SCell is still FFS”. In DL HARQ design, if PUCCH on SCell is supported, the main specification efforts will focus on the PUCCH on SCell design, and the corresponding DL HARQ design can follow the current design. In this section, we focus on the “PUCCH on PCell only” case.
2.1.1. FDD as PCell, TDD as SCell 

In R10/R11, it can aggregate at most 5 carriers for one UE in FDD or TDD. In TDD-FDD CA, “at most 5 carriers” still exists, while at least one of the SCell carriers should be a different duplex mode from the PCell carrier. In fact, SCell carrier working in the same duplexing mode case is not precluded, and the HARQ design in such case can follow current CA scheme. Therefore in designing HARQ scheme, when we say “FDD (TDD) as PCell, TDD (FDD) as SCell”, it just means we focus on the design in different duplexing mode between PCell and SCell carrier. Also as we assume that PUCCH is transmitted on PCell only, the HARQ transmission could be commonly designed for both CCS and Self-Scheduling cases.
For “FDD as PCell, TDD as SCell” HARQ design, as PUCCH resource is available in each subframe, the most convenient and easily accepted design is reusing the FDD HARQ timing in PCell. In such case, the DL subframe of TDD SCell will no longer need HARQ ACK/NACK bundling and thus DAI field (2 bits) in DL assignment DCI is no longer necessary. Also the HPN field in DL assignment DCI, which is currently designed 4 bits, can at least save 1 bit since the HARQ process number will not exceed 8. As in TDD CA with different configured carriers’ scenarios, the HARQ ACK/NACK timing in SCell can refer to that of PCell. When we view FDD PCell as a “special” configuration with PUCCH in each subframe, the TDD SCell’s HARQ ACK/NACK timing can also be designed to refer to that of PCell, and thus higher layer signallings or predetermined indication are necessary for TDD SCell to understand it. Additionally, PUCCH in TDD subframe can be set to DTX mode with no specification efforts [2].
Observation 1: In “FDD as PCell, TDD as SCell” scenario, the DL HARQ design can take full advantage of current HARQ design to make the specification efforts as small as possible. Possibly, the DL assignment DCI for TDD SCell can be the same as that of FDD PCell’s and thus higher layer signalling or predetermined indication is necessary for TDD SCell to understand it. 
2.1.2. TDD as PCell, FDD as SCell
In this case, the PUCCH will no longer exist in each subframe. Different from R10/R11 TDD CA, the FDD SCell will possibly have additional DL transmissions during the UL subframes in TDD PCell besides during DL subframes. Two candidate designs are proposed until the last RAN1 meeting: Options 1) and 2-c) of HARQ timing of PDSCH transmission on SCell with self-scheduling [1]. 
· Option 1) FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
· If UL/DL configuration 5 is used, the number of HARQ processes is less than 17

For Option 1, the additional new timing needs to be designed and all the DL subframes in FDD SCell will be fully utilized. Besides the capability of interpreting DCI with DAI and HPN field in FDD SCell, the bundling number M of DL subframes HARQ for one UL subframe in TDD PCell may exceeds the current specification scope (M ≤4) since the additional DL subframe in FDD SCell are introduced.  Designing new HARQ timing to make the additional FDD DL subframe HARQ ACK in FDD SCell uniformly distributed to limited quantity of UL subframes in the form of bundling with other subframes in some configurations, such as configuration 0,1,3,6. However for configuration 2,4,5, new HARQ timing may suffer M>4 problem. To solve this, two possible solutions may work:
Solution 1: for UL/DL configuration 2, 4 and 5, PUCCH format 1b with channel selection is not supported, only PUCCH format 3 can be used for UE, 

Solution 2: for UL/DL configuration 2, 4, further study enhancement of PUCCH format 1b with channel selection to support the M>4 cases.
For Solution 1, the specification efforts for designing PUCCH format 1b with channel selection of M>4 can be saved, while only applying PUCCH format 3 will decrease the flexibility and the resource may be wasted for the case when applying extended PUCCH format 1b with channel selection is enough, e.g. in 2 aggregated cells case. On the other hand, designing PUCCH format 1b with channel selection of M>4 will bring quite a lot of specification efforts. The design will be some kind of trade-off.
· Option 2-c) The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations

· 
2-c) The DL reference TDD U/D configuration is configured by higher layers

For Option 2-c, the specification efforts for designing new HARQ timing will be saved. However, higher layer signalling should be designed to indicate applying which configuration HARQ timing for FDD SCell. Additionally there still exists resource waste in such design, since at least one subframe aligned with TDD PCell UL subframe with feedback will be wasted.  
Additionally, the DAI and HPN field should also be introduced in FDD SCell since its DL HARQ feedback should be aligned with TDD PCell.

Observation 2: In “TDD as PCell, FDD as SCell” scenario, the specification efforts of DL HARQ design cannot be saved for either Option 1 or Option 2-c. Obviously Option 1 will bring more specification efforts. Option 2-c seems requiring less specification efforts while the resource cannot be fully utilized. Additionally, the DAI and HPN field should also be introduced in FDD SCell.
2.2. UL HARQ Design
In Self-Scheduling scenario, the best way for the UL HARQ design is just following the current HARQ scheme in each aggregated carrier respectively.
In CCS scenario, when FDD carrier schedules TDD carrier, since the PHICH transmission and PDCCH with UL grant will exist in every subframe, it seems that the TDD carrier can reuse FDD UL HARQ timing. A detailed problem is the UL grant DCI for TDD configuration 0 have a UL index field (2 bits) which serves when DL subframes are less than UL in TDD. If the scheduling FDD UL HARQ timing is used, this field seems unnecessary. Anyway, such design needs less specification efforts, which may just include some higher layer configuration or indicating in advance.
When TDD carrier schedules FDD carrier, the DL subframes in TDD will possibly be less than the UL subframes in FDD carrier. To scheduling all the UL subframes, one possible way is to extend the UL index field to UL grant DCI in each configuration. Other higher layer signalling is also needed.
Therefore we have the following observations:
Observation 3: For UL HARQ design in TDD-FDD CA, in  Self-Scheduling scenario, no specification efforts need to be paid; In CCS scenario, specification efforts include the design of DCI indication for UL grant and the corresponding higher layer signalling, and TDD scheduling scheme design is more complicated than FDD.
Observation 4: Since UL and DL don’t exist simultaneously in TDD carrier, the design for HARQ will be more complicated and need more specification efforts in “TDD SCell” or “TDD scheduling” than other scenarios.
3. Conclusions
In this contribution, we provide our further considerations on the specification efforts for designing HARQ scheme in TDD-FDD CA, and have the following observations:
· Observation 1: In “FDD as PCell, TDD as SCell” scenario, the DL HARQ design can take full advantage of current HARQ design to make the specification efforts as small as possible. Possibly, the DL assignment DCI for TDD SCell can be the same as that of FDD PCell’s and thus higher layer signalling or predetermined indication is necessary for TDD SCell to understand it. 
· Observation 2: In “TDD as PCell, FDD as SCell” scenario, the specification efforts of DL HARQ design cannot be saved for either Option 1 or Option 2-c. Obviously Option 1 will bring more specification efforts. Option 2-c seems requiring less specification efforts while the resource cannot be fully utilized. Additionally, the DAI and HPN field should also be introduced in FDD SCell.

· Observation 3: For UL HARQ design in TDD-FDD CA, in Self-Scheduling scenario, no specification efforts need to be paid; In CCS scenario, specification efforts include the design of DCI indication for UL grant and the corresponding higher layer signalling, and TDD scheduling scheme design is more complicated than FDD.

· Observation 4: Since UL and DL don’t exist simultaneously in TDD carrier, the design for HARQ will be more complicated and need more specification efforts in “TDD SCell” or “TDD scheduling” than other scenarios.
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