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1. Introduction
At the RAN1 #74bis meeting, LTE TDD-FDD joint operation with carrier aggregation was discussed, and the following agreements were achieved:

· Ideal backhaul is assumed for TDD-FDD CA

· TDD and FDD cells are synchronized

· Maximum number of aggregated CCs is 5

· Aggregation of different UL-DL configurations for TDD carriers on different bands is supported

· Same UL-DL configuration should be applied for intra-band CA

· A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA

· Not supporting UL TDD-FDD CA means that UE can only be configured with one serving cell in UL
· RAN1 should focus on TDD-FDD CA assuming simultaneous Rx/Tx capability

· Further discussion of TDD-FDD CA UE not supporting simultaneous Rx/Tx is not precluded
Under above assumptions, there are still some issues need to be further investigated:
· Whether or not cross-carrier scheduling is supported?

· Whether or not to support PUCCH on PCell or SCell?
· How to support HARQ/scheduling?

· DL self-carrier scheduling

· UL self-carrier scheduling

· DL cross-carrier scheduling (if supported)

· UL cross-carrier scheduling (if supported)
In this contribution, we present our views on part of the remaining issues underlined above. First, necessity of cross-carrier scheduling will be discussed. After that we will analyze how to support HARQ/scheduling in DL and UL.

2. Cross-carrier scheduling
Cross-carrier scheduling was adopted in Rel.10 mainly to support HetNet scenarios [1]. In order to transmit DL control signals in the presence of strong co-channel interference, cross-carrier scheduling would be beneficial. However, such cross-carrier scheduling mechanisms are not necessary unless HetNet deployment is assumed. According to the WID, such non-co-located co-channel deployment would not be the main scope of this WI. Although HetNet deployment is considered, so far we have other means such as eICIC and/or EPDCCH. Hence, we do not see a strong need at this moment to specify cross-carrier scheduling for TDD-FDD CA. Although there may be some small benefit, the amount of specification work would not be marginal, especially for cross-carrier scheduling from a TDD cell to FDD cell. Before the technical discussion of cross-carrier scheduling, a clear benefit and usage cases need to be clarified.
Furthermore, UL cross-carrier scheduling is further complicated to support between FDD and TDD cells. This is because UL HARQ is synchronous, and UL HARQ RTTs are different between FDD and TDD. Although solution may be found with some modification of the UL HARQ timing, actual operation would not be acceptable since the NW may need to manage TDD-FDD CA UEs and other UEs such as non-CA UEs, TDD CA UEs, and FDD CA UEs, simultaneously. As a result, the UL cross-carrier scheduling is not expected to be used.
Proposal 1: Cross-carrier scheduling is not supported for TDD-FDD CA unless strong/urgent need is identified.

3. UL scheduling/HARQ timing

It is quite natural that, in the case of self-carrier scheduling, UL scheduling and HARQ timings are determined by its own cell.
Proposal 2: In UL, TDD and FDD cells follow their own scheduling/HARQ timings.
4. DL HARQ timing
In this section, we analyze the DL HARQ timing issue assuming cross-carrier scheduling is not applicable to TDD-FDD CA. Here, we only investigate the non-UL-CA capable UE, which was agreed as the minimum UE requirement at the last meeting. We assume that the non-UL-CA capable UE transmits the PUCCH on PCell. The study of UL-CA capable UE is presented in a parallel contribution [2].
4.1. FDD is configured as PCell
For the FDD PCell case, TDD-FDD CA can work with either TDD timing or FDD timing. However, considering the large RTT latency for PDSCH retransmission and lower ACK/NACK transmission efficiency due to some kind of bundling when PUCCH format 1b is configured for the HARQ feedback with TDD HARQ timing, it may be better to follow FDD HARQ timing for PDSCH transmission on the TDD SCell.
Proposal 3: TDD SCell follows FDD HARQ timing in case FDD CC configured as the PCell 
4.2. TDD is configured as PCell

For the TDD PCell case, a FDD SCell is seen as a TDD cell with an UL/DL configuration different from the TDD PCell. We see two issues need to be concluded to support TDD PCell case; HARQ timing issue, and HARQ process number (HPN) issue.
HARQ timing issue

The following three alternative HARQ timing relationships for FDD SCell are possible:
Alt.1 Follow HARQ timing of PCell as specified in Rel-10
In Rel-10 TDD CA, it is assumed that the UL/DL configuration of SCells is the same as that for the PCell. Therefore, SCell DL HARQ timing is the same as that for the PCell. In this alternative, the HARQ feedback principle in Rel-10 TDD CA is reused. However, since the actual amount of UL/DL resources in an FDD SCell is not the same as that in the TDD PCell, this alternative cannot fully utilize UL/DL resources on the FDD SCell. In the extreme case, when the UL/DL configuration of TDD PCell is in configuration #0, there will be a large number of DL subframes that cannot be scheduled due to a lack of a defined DL HARQ feedback timing in the TDD PCell. This case is illustrated in Fig.1. 
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Fig. 1 Example of following the HARQ timing of PCell
Pros:
· Can reuse the HARQ feedback principle in Rel-10 TDD CA
Cons:
· Loss of DL subframe utilization when the UL/DL configuration of TDD PCell is UL-heavy
· Loss of scheduling flexibility

· Increased number of HARQ processes on FDD SCell in some cases
Alt.2 Follow HARQ timing of reference cell as specified in Rel-11
To improve the DL subframe utilization and scheduling flexibility by providing the occasions for corresponding HARQ-ACK feedback, following HARQ timing of reference cell specified for inter-band TDD CA in Rel-11 could be reused. For example, when TDD PCell is in configuration #0, TDD PDSCH HARQ timing corresponding to TDD UL-DL configuration # 2 can be used for PDSCH in a FDD SCell, which leaves 2 DL subframes on the FDD SCell without HARQ-ACK feedback, as shown in Fig.2. Accordingly, UL control channel design for Rel-11 TDD inter-band CA with different UL-DL configurations can be reused. Due to longer RTT time on TDD reference cell, the number of HARQ processes on FDD SCell will increase as well. 
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Fig. 2 Example of following HARQ timing of reference cell
Pros: 
· Can reuse the HARQ feedback principle in Rel-11 TDD CA
· DL subframe utilization is improved compared to Alt.1
· Scheduling flexibility is improved compared to Alt.1
Cons: 
· Still some loss of DL subframe utilization
· Still some loss of scheduling flexibility
· Increased number of HARQ processes on FDD SCell in some cases
Alt.3 Add new HARQ timing by extending Alt.2.
If it is desirable to make all DL subframes usable, new additional HARQ timing could be considered. With regard to this alternative, there would be a tradeoff between the specification impact and performance benefit. In order to make the spec. impact as little as possible, existing solution should be considered as the baseline, i.e., Alt.2. Then, the feasibility of new additional HARQ timing could be investigated on the top of Alt.2. Considering RTT variations and the subset/superset relationship of DL subframes, UL/DL configurations #2, #4, and #5, would be feasible as reference configurations. One example is shown in Fig.3, where UL-DL configuration #2 is used as the reference configuration. New HARQ timing needs to be defined for the subframes which are responsible for HARQ feedback in the UL of the reference configuration.
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Fig. 3 Example of new HARQ timing based on reference cell
However, according to Fig.3, there will be 5 DL subframes on the FDD serving cell mapping to one UL subframe for HARQ feedback. In Rel-10/11, PUCCH format 1b with channel selection can only support up to 4 DL subframes for each UL subframe. In addition, when 5 CCs are configured for one UE, e.g. 1 TDD CC and 4 FDD CC, the maximum DL subframes mapping to one UL subframe is 24, which exceeds the maximum number of DL subframes supported by current PUCCH format 3. Thus, if Alt.3 is supported, some new design for HARQ feedback on the PUCCH may be needed.  
Based on the analysis above, we give 3 possible sub-alternatives of Alt.3.
Alt.3.1 Restrict the scheduling 
In this alternative, the maximum number of schedulable DL subframes is restricted, so that the total HARQ feedbacks supported by corresponding PUCCH will not be affected. Different from Alt.2, the unscheduled DL subframes could be determined based on the eNB preference and have it change dynamically as in Fig. 4. UE should monitor PDCCH/EPDCCH on the all of the consecutive 5 DL subframes, but only 4 of them will actually be used. Similar to Alt.2, the number of HARQ processes on FDD SCell will increase due to a longer RTT.
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Fig. 4 Example of restrict the scheduling
Pros: 
· DL subframe utilization is improved compared with Alt.1

· Increased scheduling flexibility compared with Alt.2
Cons: 
· Still some loss of DL subframe utilizations

· Cannot achieve full scheduling flexibility

· New HARQ timing definition
· Increased number of HARQ processes on FDD SCell 
Alt.3.2 Time domain bundling for PUCCH format 1b and PUCCH 3
In this alternative, we consider to enhance current PUCCH design to support more HARQ feedbacks, so that all the DL subframes on FDD SCell could be schedulable, as shown in Fig.5. It is proposed to perform time domain bundling to compact the HARQ feedback bits into the number which is supported by current PUCCH format 1b and PUCCH 3. The number of HARQ processes on FDD SCell will also increase due to a longer RTT.
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Fig. 5 Example of Time domain bundling
Pros:
· Full DL subframe utilization

· Full scheduling flexibility

Cons:
· New HARQ timing definition
· Time domain bundling for PUCCH enhancement
· Increased number of HARQ processes on FDD SCell 
· HARQ performance degradation due to additional A/N bundling
Alt. 3.3 Define new mapping relationship for PUCCH format 1b
HARQ feedback in PUCCH format 1b with channel selection is formed by 2 steps. As shown in Fig.6, the 1st step is to map the HARQ feedback bits of each CC to 2 RM code input bits. Then total 4 RM code input bits could be obtained from 2 aggregated CCs. The 2nd step is to indicate the 4 RM code input bits by 2 transmitted bits combined with transmission resource (channel) selection. However, current specification only supports mapping from the HARQ bits of 2~4 DL subframes to 2 RM code input bits. In order to support the mapping of 5 HARQ bits to 2 RM code input bits, we need to define a new mapping relationship. In Fig.6, for TDD PCell, the legacy mapping relationship is reused to support the mapping from 4 HARQ bits to 2 RM code input bits. For an FDD SCell, a new mapping relationship is applied. 
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Fig. 6 Example of defining new mapping relationship
Pros:

· Full DL subframe utilization

· Full scheduling flexibility

Cons:

· New HARQ timing definition
· Additional new mapping relationship for PUCCH enhancement
· Increased HARQ process on FDD SCell 
· HARQ performance degradation due to additional mapping relationship from 5 bits
The overall comparison are summarized in Table 1
Table.1 Overall comparison

	
	Pros
	Cons

	Alt.1: Follow HARQ timing of PCell as specified in Rel-10
	· Can reuse the HARQ feedback principle in Rel-10 TDD CA
	· Loss of DL subframe utilization when the UL/DL configuration of TDD PCell is UL-heavy
· Loss of scheduling flexibility

· Increased HARQ process on FDD SCell in some cases

	Alt.2: Follow HARQ timing of reference cell as specified in Rel-11
	· Can reuse the HARQ feedback principle in Rel-11 TDD CA

· DL subframe utilization is improved compared to Alt.1

· Scheduling flexibility is improved compared to Alt.1
	· Still some loss of DL subframe utilization

· Still some loss of scheduling flexibility

· Increased HARQ process on FDD SCell in some cases



	Alt.3.1: Extension of Alt.2 with scheduling restriction
	· DL subframe utilization is improved compared with Alt.1

· Increased scheduling flexibility compared with Alt.2
	· Still some loss of DL subframe utilization

· Cannot achieve full scheduling flexibility

· New HARQ timing definition
· Increased HARQ process on FDD SCell

	Alt.3.2: Extension of Alt.2 with Time domain bundling
	· Full DL subframe utilization

· Full scheduling flexibility
	· New HARQ timing definition
· Time domain bundling for PUCCH enhancement
· Increased HARQ process on FDD SCell
· HARQ performance degradation due to additional A/N bundling

	Alt.3.3: Extension of Alt.2 with new mapping relationship for channel selection
	· Full DL subframe utilization

· Full scheduling flexibility
	· New HARQ timing definition
· Additional new mapping relationship for PUCCH enhancement
· Increased HARQ process on FDD SCell
· HARQ performance degradation due to additional mapping relationship from 5 bits


Proposal 4: Alternative 2, i.e. Follow HARQ timing in reference cell as specified in Rel-11., should be the baseline for non-UL-CA capable UE in TDD-FDD CA when TDD is PCell.
Proposal 5: If new HARQ timing is introduced, Alts. 3.1-3.3 could carefully be investigated taking into account the tradeoff between specification impact and performance benefit.
HARQ process number(HPN) issue
Currently, the maximum of 8 parallel HARQ processes are supported in FDD CC. These 8 processes are distinguished by 3 HPN bits in DCI. If TDD CC is configured as PCell, no matter which alternative as above is selected, the number of parallel HARQ processes on an FDD SCell will increase in some cases. For Alt.1 and Alt.2, the maximum number of HARQ processes on an FDD SCell is 15, and for Alt.3, it is extremely 17 when FDD SCell follows the TDD reference UL/DL configuration 5. Thus the HPN field in FDD DCI should be extended. 
The most straight forward way for Alt.1~Alt.3.1 is to use TDD-DCI in FDD SCell. From the network point of view, TDD-DCI is mixed with FDD-DCI in PDCCH of FDD cell. However,  this simply solves the HPN issue.

For Alt.3.2 and Alt.3.3, due to the additional HARQ timing, TDD-DCI may not be sufficient either, especially when the reference UL/DL configuration is #5. New bits in the HPN field need to be specified. This could be seen as an explicit solution.

Implicit extension could also be considered. For example, the eNB selects the sequence to mask the CRC of specific DCI based on the value of additional HPN bits in the similar way as UE transmit antenna selection in LTE Rel8/11. In the UE side, UE could interpret the additional HPN bits based on the detected masked sequence. 
The HPN bits could also be implicitly deduced from the location of PDCCH in blind decoding. For example, when the additional HPN bit is ‘0’, eNB places the PDCCH in the candidate location with odd index. In contrary, if the additional HPN bit is ‘1’, eNB places this PDCCH in the candidate location with even index.
Compared to the explicit HPN field extension, implicit methods do not require additional resources at the cost of some side effects. For example, the false alarm probability may be increased in the CRC masking method and blocking probability may be increased in the PDCCH location selection method.
Proposal 6: HARQ process number extension for FDD SCell needs further investigation.
5. Conclusion
In this contribution, first, we presented our view on cross-carrier scheduling. After that, we analyzed the alternative ways of UL and DL HARQ/scheduling respectively. For DL HARQ/scheduling, several alternative ways are given to solve the problems when TDD CC is configured as PCell, and analysis is provided by comparing the pros and cons. Following proposals are achieved:
Proposal 1: Cross-carrier scheduling is not supported for TDD-FDD CA unless strong/urgent need is identified.
Proposal 2: In UL, TDD and FDD cells follow their own scheduling/HARQ timings..
Proposal 3: TDD SCell follows FDD HARQ timing in case FDD CC configured as the PCell.
Proposal 4: Alternative 2, i.e. Follow HARQ timing in reference cell as specified in Rel-11., should be supported for non-UL-CA capable UE in TDD and FDD CA as the baseline.

Proposal 5: If new HARQ timing is introduced, Alts. 3.1-3.3 could carefully be investigated taking into account the tradeoff between specification impact and performance benefit.
Proposal 6: HARQ process number extension for FDD SCell needs further investigation
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