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1 Introduction 

In RAN#60, a new WI on LTE TDD-FDD joint operation was approved [1]. In the last RAN1 #74, the following deployment scenarios were agreed to be supported by TDD-FDD joint operation [2]:

· FDD+TDD co-located (CA scenarios 1-3), and FDD+TDD non-co-located with ideal backhaul (CA scenario 4)

·    FDD+TDD non-co-located (small cell scenarios 2a, 2b, and macro-macro scenario), with non-ideal backhaul, subject to the outcome of the non-ideal backhaul related study items where relevant. 

In this contribution, we will mainly discuss the scheduling/HARQ timing issues in TDD-FDD CA, including both self-CC scheduling and cross-CC scheduling cases. Most problems are generated in the cases where a TDD CC is Pcell.
2 Scheduling/HARQ timing 
In this section, we will analyze scheduling/HARQ timing issues for Scells in case Pcell is either an FDD CC or a TDD CC for both self-CC scheduling and cross-CC scheduling.,The possible solutions are further provided for scheduling/HARQ collision or resource lack issues.
2.1 Self-CC scheduling

2.1.1 PCell being an FDD CC
· For DL, the PDSCH HARQ timing can follow either FDD PCell or TDD SCell. Following FDD DL PCell is preferable due to the short HARQ delay. 

· For UL, we propose the PUSCH scheduling/HARQ timing of TDD SCell follows its own timing to keep the feature of UL synchronous HARQ in TDD systems. 
2.1.1 PCell being a TDD CC

2.1.2.1 PUSCH HARQ timing of FDD UL Scells
· For Self-CC scheduling cases and when a TDD CC is configured as PCell, the PUSCH HARQ timing of an FDD UL CC  will follow FDD timing with a short HARQ delay.
2.1.2.2 PDSCH HARQ timing of FDD DL Scells
For PDSCH in case self-CC scheduling and TDD is configured as PCell, no scheduling issue exists, but HARQ collision/lack issues may exist.  For CA in the current specifications, there is an important constraint defined with PCell that physical uplink control channel (PUCCH) which carries HARQ is only conveyed by Pcell. When TDD CC and FDD CC are aggregated and a TDD CC is configured as PCC, the ACK/NACK will be carried by PUCCH on TDD PCC in most cases. The main HARQ timing problems are shown in Fig. 1. We denoted the DL subframes on both TDD and FDD CCs as the consistent DL subframes, and the DL subframes only on FDD DL CCs are the inconsistent DL subframes.  
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Fig. 1 Illustration of the scheduling timing issues in case of self-CC scheduling and a TDD CC is PCC.
To solve the above problems, we consider the following solutions: 
Alt1: Allow parallel PUCCH transmissions on multiple carriers. For TDD-FDD CA UEs, besides PUCCH on TDD Pcell, another PUCCH is transmitted on an FDD SCell for HARQ transmission. Each cell follows its own HARQ timing and transmits the HARQ information on the PUCCH on that cell. .
Alt2: The HARQ of a DL subframe n on the FDD DL CCs is carried on the UL subframe k on the TDD PCC, where it is the nearest UL subframe with an SF index 
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. This approach would minimize the HARQ delay.
Alt3:  For the consistent DL subframes, the HARQ timing follows that of the TDD PCell, while for the inconsistent DL subframes, two alternatives could be considered:
Option1: same as Alt2 just for the inconsistent DL subframes. 

Option2: the HARQ of the (continuous) inconsistent DL subframe(s) is (are) bundled with the HARQ of the later consistent DL subframe. The reason to bundle with the later one is to guarantee the A/N delay is larger than 4 TTIs. The inconsistent DL subframs share the same HARQ process ID with the bundled consistent one. 
The advantage of Alt3 Option2 is that it keeps the same HARQ process management as TDD Pcell. On the other hand, new HARQ process IDs may be introduced for the inconsistent DL subframe in Alt2 and Alt3 Option1, which would impact a bit on the current DL HARQ process management and signalling. 

Alt 4: Keep the principle of one PUCCH only but allow PUCCH to be transmitted on SCell. In this case, PUCCH is transmitted on FDD SCell. Although this breaks the original principle of having PUCCH on PCell only, it is a very simple solution and a lot of legacy designs can be reused.  It therefore seems worthy of further consideration. 
2.2 Cross-CC scheduling 

2.2.1 FDD CC being the scheduling CC

· For DL, if we assume PUCCH is still only permitted on Pcell

· If an FDD CC is Pcell, the PDSCH HARQ timing of the TDD scheduled Scell can follow either FDD or the TDD scheduled Scell timing. We prefer to follow FDD DL Pcell with a short HARQ delay for TDD DL SFs.
· If a TDD CC is Pcell, the PDSCH HARQ timing of the TDD scheduled Scell follows TDD Pcell if TDD Pcell and TDD Scell are configured with the same TDD configuration. Otherwise, for CC-specific TDD CA, follow the agreements achieved on the cross-carrier scheduling for PDSCH in Table 10.2-1of [3].  
· For UL, we propose that the PUSCH HARQ timing of the TDD scheduled Scell follows the HARQ timing of the TDD configuration of the TDD scheduled CC to guarantee synchronous PUSCH retransmissions for the TDD scheduled SCell.
2.2.2  TDD CC being the scheduling CC
In this case, due to the fact that DL transmission on a TDD CC is not continuous, one cannot always find a DL subframe on the TDD scheduling CC to carry PDCCH for the inconsistent DL/UL subframes on the FDD CCs according to scheduling timing of TDD. Therefore, the inconsistent DL/UL subframes on FDD CC cannot be scheduled normally, and the peak data rate for TDD-FDD CA UEs will be significantly reduced, as shown in Fig. 1. 
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Fig. 2 Illustration of the scheduling/HARQ timing issues in case of cross-CC scheduling and a TDD CC is the scheduling CC
To solve the above scheduling and HARQ timing issues of the inconsistent DL/UL subframes, multi-SF/cross-SF scheduling should be supported, and the following solutions can be considered: 

Solution1: Modify the multi-SF scheduling in semi-persistent scheduling (SPS)
In the current system, both UL and DL SPS are already supported, in which the radio resources are semi-statically configured and allocated to a UE with longer time period than one subframe till explicit/implicit release. SPS scheduling is triggered by detection of UL/DL DCI scrambled by SPS-RNTI, in which resource allocation and MCS for SPS packets are conveyed. The other key parameters, such as semiPersistSchedIntervalDL(/UL); implicitReleaseAfter; numberOfConfSPS-Proce, are carried in SPS-config IE indicated by RRC signaling.  However, the scheduling manner for SPS in the current system cannot satisfy the requirements for the cases of multi-SF scheduling in TDD-FDD CA. SPS was mainly designed for services with periodic packet arrival, such as VoIP, for which the data packets are small in size, periodic, and less sensitive to gain from channel selective scheduling. However, for TDD-FDD CA, the services may be best effort data services, which are quite different from the services supported in SPS. Thus, the parameters defined for SPS may not be suitable any more, such as the highest MCS of SPS is 15, the smallest scheduling interval is 10ms, and so on.  In addition, the trigger, release and HARQ schemes are also not suitable any more for multi-SF scheduling in TDD-FDD CA and modifications on them are necessary for multi-SF scheduling in TDD-FDD CA. 
Solution2: introduce DL/UL scheduling index in DCI, via a bitmap 
In the current TDD specification, multi-subframe scheduling has already been supported for TDD UL/DL Configuration 0, and the maximum number of co-scheduled subframes is two (UL subframes). As shown in Section 8.0 of [1], if for TDD UL/DL configuration 0, if both MSB and LSB of the UL index in an UL PDCCH/EPDCCH are set in subframe n, the UE shall adjust the corresponding PUSCH transmission in both subframes n+ k and n+7, where k is given in Table 8-2 of [1]. For the implementation of the subframe indication for multi-subframe scheduling in TDD-FDD CA, since the number of co-scheduled subframes may be larger than 2 for both UL and DL, the original UL Index may not be suitable. Therefore, it could be considered to add a new DL/UL scheduling index field in DL/UL grants in the form of a bitmap. 

Solution3: bundling the scheduling/HARQ of the inconsistent DL/UL SFs with a consistent DL/UL subframe.   
To be more sensitive to the gain from channel selective scheduling and minimize the scheduling delay, the (continuous) inconsistent UL/DL subframe(s) could be bundled with, and is (are) multi-SF scheduled by, the DL subframe conveying the UL/DL grant of the previously adjacent consistent UL/DL subframe. In case the previous adjacent consistent UL/DL subframe is scheduled, the following inconsistent UL/DL subframe(s) are scheduled with the same PUSCH/PDSCH resource allocation and MCS. This bundling rule is known to both eNB and UEs, and the main advantages are no additional signaling is needed and the HARQ process management is simple via assigning the same HARQ process ID for the bundled SFs.
Thus some potentially feasible solutions do exist for HARQ/Scheduling issues for the cases of cross-CC scheduling when a TDD CC is the scheduling CC. However, considering the flexibility of these solutions and their impacts on standardization, a simplified option would be to only support cross-CC scheduling with FDD CC being the scheduling CC.
3 Conclusions
In this contribution, we discussed the potential scheduling and HARQ timing issues, and some possible solutions, for both self-CC and cross-CC scheduling cases with either TDD or FDD CC being Pcell or the scheduling CC. Further study is needed to choose from the different alternatives to well balance the performance, the feature flexibility, and the complexity. 
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