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1. Introduction & Background
During the last  3GPP TSG RAN WG1 #76 meeting, the TDD Pcell DL HARQ timing for TDD-FDD carrier aggregation with self-carrier scheduling was extensively discussed, but  no consensus for either the option 1) 
  in R1-140958 or the option 2c-B2
 in R1-140977 was reached. After the discussion at RAN#63, it is concluded that if there is no RAN1 decision on DL HARQ timing of TDD Pcell case by RAN #64, then TDD PCell will not be considered in Rel-12.
In this contribution, we will first analyze the neccesity on supporting the TDD Pcell use case in TDD-FDD CA, and then compare the Options 1) and Option 2c-B2 for DL HARQ timing of TDD Pcell case. 
2. On supporting of TDD Pcell in TDD-FDD CA

TDD and FDD are two duplex modes in LTE, which are of equally importance for practical deployments. Under such consideration, it is agreed in the WID [2] of LTE TDD-FDD Joint Operation to ‘Introduce LTE TDD – FDD Carrier Aggregation support including either TDD or FDD as PCell’. We do not see any technical reason to remove the agreement of supporting TDD as Pcell.
It needs to be clarified that the discussion of TDD Pcell use case is only limited to the self-carrier scheduling case. TDD Pcell use case shall be supported for cross-carrier scheduling considering the relevant HARQ timing has been specified. 
· Without supporting of TDD Pcell, for cross-carrier scheduling can not be applied. In particular, consider a use case when Macro eNB and a small cell are deployed closely and are both configured with two same CCs, a FDD CC and a TDD CC. To reduce the interference between PDCCH of the Macro eNB and small cell, cross-carrier scheduling can be employed. The basic concept is let the Macro eNB use one CC (e.g., the FDD CC) as Pcell to cross-carrier scheduling another CC (e.g., the TDD CC), in order to blank the PDCCH of the scheduled CC. Meanwhile, the small cell can use the CC (e.g., the TDD CC), which is the scheduled CC of the Macro eNB, as the scheduling Pcell cell to schedule another CC (e.g., the FDD CC). In such scenario, at least one cell needs to deploy TDD as Pcell. 
The TDD Pcell for self-scheduling can be applied for UEs with UL CA capability, if PUCCH on SCell is supported. 
· Specifically, in the WID of dual connectivity [3], it is clarified that “After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.” It is easy to extend those enhancements on PUCCH of dual connectivity to CA with some minor specification work, so as to support PUCCH on Scell. If PUCCH on Scell is allowed for TDD-FDD CA to serve UEs with UL-CA capability, it is nature to support TDD Pcell case for those UL-CA capable UEs so as to simplify the PUCCH procedures and reduce the PUCCH load on Pcell.
Finally, supporting both TDD and FDD as PCell provides flexibility from network perspective, and no particular reason for UE to only support TDD as PCell or FDD as PCell. 

· “Load balance” is discussed and proposed by some companies in RAN1#76. For example, it is possible that a TDD CC (e.g., in Band 39) and a FDD CC (e.g., in Band3) are deployed together at the same eNB. Consider that the configuration of Pcell or Scell is UE-specific, in order to well the load balance of the two CCs, part of the UEs can be configured with the FDD CC as Pcell and part of the UEs can be configured with TDD CC as Pcell. If only FDD Pcell is supported, the PUCCH of the FDD CC will be congested when PUCCH is only allowed to be transmitted on Pcell. In addition, the PDCCH of the FDD CC will be congested when cross-carrier scheduling is enabled.
Proposal 1: TDD Pcell use case shall be supported for cross-carrier scheduling considering the relevant HARQ timing has been specified.
Proposal 2: It is neccesary to support TDD Pcell case in TDD-FDD CA for self-carrier scheduling. 
3. Discussion on two options for PDSCH HARQ timing for TDD PCell self-scheduling
3.1. Benefits and drawbacks of Option 1) 
The benefit of Option 1), which is to allow the FDD SCell PDSCH timing depend on TDD PCell timing + additional new timing, is that all the DL subframes of FDD Scell can be used by a CA-capable UE when TDD is PCell in order to increase the per-UE peak data rate about 5.6%
.  
Meanwhile, from the system-level throughput perspective, the gain of Option 1) over  Option 2c-B2 is neglectable. Since all the downlink subframes on FDD SCell can be shceduled for either option 1) or option 2c-B2.
To earn such limited gain, UCI, DCI and buffer of UEs should be enhanced for introducing additional new timings for Option 1) as discussed below in details.
1) Required UCI enhancements:

Firstly, the additional new HARQ timing should be carefully designed to reduce increased UL feedback load while keeping the feedback evenly distributed in the uplink frames. Secondly, when Pcell is TDD config. 2/4, the HARQ-ACK bits of five FDD Scell DL subframes need to be transmitted in one TDD Pcell UL subframe. Then the maximum number of supported aggregated CCs is 4, which is not consistent with the agreement of RAN1 #74b  that allows the maximum supported number of aggregated CCs is 5. Besides, since the PUCCH Format 1b with channel selection designed for R-11 CA only supports the cases with value of M no more than 4, the current PUCCH Format 1b with channel selection can not be applied when Pcell is TDD config. 2/4. The enhancement of PUCCH Format 1b with channel selection to support cases with M>4 is required. 
Although the UCI does not needs to be enhanced by simply restricting the TDD PCell UL/DL configurations and maximum number of aggregated cells, as stated in [4], the restriction may limit the achivable downlink peak data rates of some UEs with good channel condition.
2) Required DCI and UE buffers enhancements:
When TDD config. 5 is used for Pcell, the maximum number of DL HARQ processes for FDD SCell PDSCH with additional new timing increases to 17. Since maximum of 15 DL HARQ processes is supported in current spec., the field of HARQ process number in DL grant should be extended to support new maximum number of DL HARQ processes. Accordingly, the buffer of UE needs to be increased to support the increased number of HARQ process. 
3.2. Benefits and drawbacks of Option 2c-B2 
Comapred with Option 1), Option 2c-B2 lets the PDSCH HARQ timing of FDD SCell follow one of the existing 7 U/D configurations as the DL reference configuration. The advantage of Option 2c-B2 lies on that it has little additional impact on the specification, and the design for TDD inter-band CA in Rel-11 can be applied straightforwardly.
The drawback of such solution is that some downlink subframes of FDD SCell, which corresponds to the uplink subframes of the reference configuration, cannot be used for CA-capable UE which is configured a FDD CC as Scell. Thus the per-UE peak data rate of such CA-capable UE is affected. However, since the CA configuration is UE-specific, although those downlink subframes can not be allocated for the CA-capable UE with FDD as SCell, they can be assigned to other Non-CA-capable UEs or CA-capable UEs that configured the FDD cell as Pcell. Consequently, Option 2c-B2 has quite limited system-level throughput loss compared with  Option 1). 
Proposal 3: Option 2c-B2 is suggested as the solution for SCell PDSCH HARQ timing when PCell is TDD carrier and SCell is FDD carrier.
Table 1. Summary of Pros and Cons of Option 1) and Option 2c-B2
	
	Pros
	Cons

	Option 1)
	· All the DL subframes of FDD Scell can be scheduled by a CA-capable UE if network configure TDD as PCell.
	· Peak data rate gain is only restricted to TDD PCell, while no gain is observed when the network can configure FDD as Pcell, system-level throughput gain is neglectable.
· New HARQ timing design is required.
· When Pcell is TDD config. 2/4:

· maximum number of supported aggregated CCs is 4;

· current PUCCH Format 1b with channel selection can not be used;
· The field of HARQ process number in DL grant should be extended;

· Buffer of UE needs to be increased to support increased number of HARQ process.

	Option 2c-B2
	· Little additional impact on the spec., can reuse the design for Rel-11 TDD inter-band CA.
	· Some DL subframes of FDD SCell cannot be used for one CA-capable UE with a FDD CC as Scell.


4. Conclusions
In this contribution, we first analyzed the neccesity on supporting TDD Pcell for TDD-FDD CA in case of self-scheduling, and then compared the pros and cons of Options 1) and 2c-B2 for DL HARQ timing when PCell is TDD. We propose that:
Proposal 1: TDD Pcell use case shall be supported for cross-carrier scheduling considering the relevant HARQ timing has been specified.
Proposal 2: It is neccesary to support TDD Pcell case in TDD-FDD CA for self-carrier scheduling. 
Proposal 3: Option 2c-B2 (R1-140977) is proposed as the solution for SCell PDSCH HARQ timing when PCell is TDD carrier and SCell is FDD carrier.
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� : Option 1): FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell; 


� :Option 2c-B2: For the case of TDD as Pcell and FDD as Scell and self-carrier scheduling, the PDSCH HARQ timing on the FDD Scell follows a DL reference TDD UL-DL configuration;


�: Assuming TDD PCell configured with TDD configuration 2. For example, when two CCs are configured for a UE and the Pcell is TDD with config. 5 while Scell is FDD, if config. 5 is set as the reference configuration for FDD Scell in Option 2-c), the number of additional DL subframes of Option 1) over Option2c-B2 is 1, which only bring roughly 5.6% downlink data rate gain for the UE.
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