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Discussion and decision
1. Introduction
WI on LTE TDD-FDD joint operation including carrier aggregation [1] was agreed in RAN plenary #61. The outcome of the initial scenario evaluation phase of the work item is captured in TR36.847 [2]. 
On this contribution, we focus on TDD-FDD carrier aggregation with ideal backhaul between the involved network nodes. We consider the deployment scenarios as well as UE and network requirements for TDD-FDD CA and present our preference for first steps in TDD-FDD CA specification work. We address also the standard support necessary for TDD-FDD CA. 

2. TDD-FDD CA scenarios and UE/network requirements  
TR36.847 captures the outcome of the initial scenario evaluation phase of the WI. It presents deployment scenarios, assumptions on backhaul as well as carrier frequency, and requirements on backward compatibility, UE capabilities, as well as on performance relevant for TDD-FDD joint operation. When looking the scenarios and requirements from TDD-FDD CA viewpoint, we point out following:
Deployment scenarios: TDD-FDD CA solution is identified for TDD-FDD joint operation when ideal-backhaul can be assumed [2]. LTE CA scenarios 1-4 are the relevant deployment scenarios for ideal backhaul assumption, containing both co-located and non-co-located deployments.  
UE capabilities: We see that TDD-FDD CA should support DL CA capable UEs with and without UL CA capability. Carrier aggregation is supported for the same UE capabilities in the earlier LTE releases. Also the considered deployment scenarios are the same. Thus it is natural to continue supporting the same UE capabilities also with TDD-FDD CA.   
Carrier frequency assumptions: TR36.847 lists four carrier frequency assumptions for TDD-FDD joint operation: 
· Carrier frequency of TDD is far away enough from joint operated FDD carrier frequencies 
· Carrier frequency of TDD is near the UL band of joint operated FDD

· Carrier frequency of TDD is near the DL band of joint operated FDD
· Carrier frequency of TDD locates between the UL band and DL band of joint operated FDD

Carrier frequency assumptions translate to different interference scenarios, and it is worth considering how to take these interference scenarios into account in RAN1 specification work. It is required that legacy FDD (or TDD) UEs may camp on and connect to a FDD (or TDD) carrier that is part of TDD-FDD CA operation. Hence one can expect that the considered TDD (or FDD) carrier frequency combinations do not present severe co-existence problems from the network perspective. However, severe UE self-interference may be faced in case of conflicting transmissions to and from the UE in nearby bands. To avoid excessive interference in a challenging carrier frequency combination, it may be necessary to simply block interfering transmissions. For example, it could be necessary to mute UL transmissions or refrain from DL transmissions on Scell to the CA UE. 
The key performance benefit from TDD-FDD CA is increased UE throughput as well as network capacity. We see that these benefits are attractive especially for the DL direction. In this light, a TDD/FDD band combination that does not require any Scell muting or requires only Scell UL muting is attractive in terms of performance benefits. It should be noted that Scell UL muting is easily achieved via simply by not configuring or scheduling UL Scell to UE. In more challenging band combinations experiencing Scell DL blocking, SCell DL muting or even Pcell UL muting (facilitating e.g. UE synchronization to Scell carrier), the achievable performance benefits appear to be considerably less significant.  
We also see that thorough consideration of complex interference situations faced with different carrier frequency assumptions does not simply fit into the time budget allocated for the WI in RAN1 and RAN4. On the other hand, TDD-FDD CA band combinations that can yield most attractive performance benefits do not require interference situations to be addressed in RAN1 specification work. Hence we propose that TDD-FDD CA specification work in RAN1 is focused first on the assumption “Carrier frequency of TDD is far away enough from joint operated FDD carrier frequencies”, which does not require any particular interference situations to be considered in RAN1. Other carrier frequency assumptions can be later addressed in TDD-FDD CA specification work if particular needs are identified.          
Proposal 1: TDD-FDD CA supports DL CA capable UEs with and without UL CA capability.
Proposal 2: TDD-FDD CA specification work focuses first on the carrier frequency assumption “Carrier frequency of TDD is far away enough from joint operated FDD carrier frequencies”.
3. Standard support for TDD-FDD CA
In this section, we present aspects that we see necessary to consider during TDD-FDD CA specification work.
3.1 Scheduling and HARQ feedback timing
Scheduling and HARQ feedback timing for PDSCH and PUSCH can be seen as the most important issues to be tackled. Decisions on the timing can affect the changes needed for HARQ, PUCCH, PHICH, as well as for DCI and UCI content. To minimise the required changes on the standard, it is attractive to use the timing mechanisms already existing for PDSCH and PUSCH. 
One approach could be to follow Rel-11 TDD inter-band CA solution. DL and UL reference timing configurations could be defined, determining timing for PDSCH HARQ feedback and PUSCH scheduling and HARQ feedback, respectively. These timing configurations would then be determined to be equal with either FDD timing or with the timing of relevant TDD UL/DL configuration, depending on the considered case. Unavoidably HARQ RTT would be changed at least in some cases, meaning that TDD-FDD CA would require changes to HARQ design, e.g., to the number of HARQ processes. Additionally changes would be required on specification of DRX timers such as HARQ RTT timer if the PDSCH timing on the scheduled cell was changed. This would trigger standard changes to TS36.321, requiring some additional RAN2 specification work. Also the scheduling of both non-CA UEs and TDD-FDD CA UEs on same carrier would be complicated on Scell, as not all UEs would follow the same timing for PDSCH and PUSCH retransmissions.      
An alternative is to simply follow the timing of the scheduled cell in all cases. With this approach, there is no need to make any changes to HARQ design, e.g. on HARQ timing or on number of HARQ processes. This would limit the specification and implementation impact from TDD-FDD CA. It would not require any changes to TS36.321 such as HARQ RTT timer. Also the scheduling of both non-CA UEs and TDD-FDD CA UEs on same carrier is straightforward, as both UE groups follow the same timing for PUSCH retransmissions.
Naturally this approach requires also some standard changes. In the case of FDD as a Pcell, standard changes would be limited to changes on UCI payload and DCI configuration. In the case of TDD as a Pcell, the largest change would be configuration of PUCCH transmissions on a FDD Scell instead of TDD Pcell. When FDD PDSCH is scheduled and FDD HARQ feedback timing is followed, PUCCH transmission should be supported also during TDD DL subfames. A simple solution is to allocate PUCCH transmissions on a FDD Scell instead of TDD Pcell. The approach requires some changes to PUCCH resource allocation as well as considerations on UCI transmission during Scell activation or configuration. We see this approach preferable due to its simplicity, especially in the case of FDD Pcell, and limited impact on standards.
Proposal 3: Scheduling and HARQ feedback timing is based on timing mechanisms that are already defined for PDSCH and PUSCH on TDD and FDD.
Proposal 4: Scheduling and HARQ feedback timing follows the timing of the scheduled cell.

3.2 Other standard impacts
In addition to the scheduling and HARQ feedback timing, TDD-FDD CA requires also other changes to standards. As said, these changes depend on the agreed scheduling and HARQ feedback timing. 
· Uplink control information: E.g. the number of PDSCH HARQ-ACK bits required for TDD Scells differ from the number of bits seen in FDD CA. This aspects needs to be considered during specification work. 
· PUCCH resource allocation may require modifications as discussed in previous section, and further studies are needed.
· Downlink control information: Support for cross-carrier scheduling in TDD-FDD CA needs to be discussed. In the case of TDD Pcell, current cross-carrier scheduling can support scheduling for only a portion of FDD Scell subframes. Extending cross-carrier scheduling to cover all FDD Scell subframes is an optimisation feature. The need for it may be discussed in later phase of WI with assessment of achievable benefits, if WI progress with respect to time budget allows.     
· PHICH: PHICH is not always available on TDD Pcell in some cross-carrier scheduling cases, e.g. if PUSCH HARQ feedback timing follows the scheduled cell timing. In that case, PHICH-less operation needs to be introduced also on FDD carriers.  
Proposal 5: Possible standard changes to UCI, PUCCH resource allocation, DCI and PHICH operation are to be considered once the principle(s) for scheduling and HARQ feedback timing have been agreed.
4. Summary
In this contribution, we considered TDD-FDD CA and TDD-FDD CA and presented our preference for first steps in TDD-FDD CA specification work with following proposals:
Proposal 1: TDD-FDD CA supports DL CA capable UEs with and without UL CA capability.

Proposal 2: TDD-FDD CA specification work focuses first on the carrier frequency assumption “Carrier frequency of TDD is far away enough from joint operated FDD carrier frequencies”.
Proposal 3: Scheduling and HARQ feedback timing is based on timing mechanisms that are already defined for PDSCH and PUSCH on TDD and FDD.
Proposal 4: Scheduling and HARQ feedback timing follows the timing of the scheduled cell.

Proposal 5: Possible standard changes to UCI, PUCCH resource allocation, DCI and PHICH operation are to be considered once the principle(s) for scheduling and HARQ feedback timing have been agreed.
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