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1
Introduction
In the latest WID for LTE carrier aggregation enhancement [1], one of the enhancements to be investigated is “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands”. The topic has already been discussed in RAN1#66 meeting, with the focus on the duplex capability of TDD UEs. It is an important issue for RAN1 to proceed on this topic because the assumption of TDD UE duplex capability has significant impact on the RAN1 specification design. An LS [2] was sent to RAN4 asking how the assumption should be made from UE implemention point of view. 
In this paper we provide some updates on our general views on this feature.
The targeted scenario is that more than one carrier is deployed by a single TDD operator, and the carriers are aggregated at a single base station, as shown in Figure 1. Besides, the separation between the two carrier frequencies should be large enough to avoid UL-DL interference from the same device, and the exact requirement could be studied in RAN4.  
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Figure 1: Considered scenario, carrier aggregation at single base station
2
Motivation
One of the advantages of TDD system is the flexible resource utilization through different TDD configurations. By configuring different TDD configurations, the ratio between available UL and DL resources can range from 3UL:2DL to 1UL:9DL. 
It could enable more free and efficient network deployment for a TDD operator which holds multiple carriers on different bands, if various TDD configurations can be employed on different bands. For example, the operator might use UL-heavy configuration on lower-frequency band to improve UL coverage, while a DL-heavy configuration could be used on higher-frequency band to boost DL capacity for a hotspot or indoor area. We note that this kind of operation is basically inherently supported with the current RAN1 specifications, when carrier aggregation is not considered.
Observation: It is possible for a TDD operator to employ different TDD configurations on different bands, and this may have no relevance to CA.
Rel-11 TDD UE is supposed to be able to support inter-band CA. Given that fact, we think it is unreasonable that inter-band CA cannot be configured to such UE only because different TDD configurations are used on different carriers in different bands. In this sense, inter-band CA with different TDD configurations on different bands should be supported. 
The benefits of inter-band CA with different TDD configurations on different bands can be found mainly in 2 aspects:

1) Peak data rate increase

This is the very fundamental motivation of CA, i.e. to enable the UE to exploit the resources on multiple carriers.

2) Flexible UL/DL resource utilization

Compared with same TDD configuration on different carriers, eNB can allocate UL/DL resources to CA UE with more flexibity, thus achieving better adaptation to the UE’s traffic load. This also matches well with the motivation of defining 7 TDD configurations from the beginning of TDD design. 
As a summary, we have the following proposal:

Proposal 1: In Rel-11 inter-band CA for TDD different uplink-downlink configurations on different bands should be supported. The benefits include

· Peak data rate increase

· Flexible UL/DL resource utilization
3
Discussions on TDD UE duplex capability
As mentioned before, RAN1 needs to make an assumption about TDD UE duplex capability to continue the discussion. There are 2 possible TDD UE implemtations to be considered. The first one is that TDD UE supports inter-band CA, and also supports simultaneous transmission/reception on different bands (named as full duplex TDD UE for simplification); the other one is that TDD UE supports inter-band CA, but cannot transmit on one band and receive on another band in a same subframe (named as half duplex TDD UE for simplification). In this section, we will discuss the implications of the 2 implementations and provide our preference about which type of TDD UE should be assumed in next stage for RAN1 discussions.
3.1
Significance
It is obvious that full duplex TDD UE can enjoy all the benefits of inter-band CA with different TDD configurations on different bands.
For half duplex TDD UE, in subframes with UL on one band while DL on another band (named as conflicting subframes for simplification), the UE can only use resources in one direction, and there will be some scheduling constraints at the eNB so that resources in the other direction would not be allocated to the UE. 
Half duplex TDD UE cannot fully achieve peak data increase because although configured with CA, it cannot use all the resources on multiple carriers, as shown in Figure 2. The flexible UL/DL resource allocation cannot be easily applied to half duplex TDD UE also because of the scheduling constraints. We note that the UL/DL prioritization in conflicting subframes can be semi-static or even dynamic, but it will require a lot of specification efforts, as will be discussed in the next subsection. 

Observation: Half duplex TDD UE cannot fully achieve peak data increase, and the flexible UL/DL resource allocation cannot be easily applied.
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Figure 2: Scheduling constraints for half duplex TDD UE 

3.2
Specification efforts

Full duplex TDD UE can have independent TDD operations on each band. There are some problems regarding A/N feedback if PUCCH is only allowed on PCell as in Rel-10, and regarding DL assignment/UL grant/PHICH if cross-carrier scheduling is configured. Those problems require small or medium specification efforts to solve, as we will discuss in Section 4.
For half duplex TDD UE, there need to be some efforts to specify UL/DL prioritization in conflicting subframes because transmission and reception cannot be performed in the same subframe. (If nothing is specified for UE behaviou, the UE will transmit on UL resources if there is some UL transmissim scheduled/configured, and also by default monitor PDCCH and perform measurement on DL resources.) 
If the UL/DL prioritization in conflicting subframes is pre-defined (to follow direction on PCell), the specification effots will be quite small, but as mentioned in previous section, it’s not so meaningful to configure inter-band CA with different TDD configurations on different bands for such UE. If the UL/DL prioritization in conflicting subframes is semi-static or dynamic, as discussed in [3], the specification efforts will be much larger to solve the timing problem due to the fact that UL/DL direction in the conflicting subframes is subject to change; besides, there are some compatibility issues with other UEs on the same carrier which have normal timing according to the TDD configuration.
Observation: Significant specification efforts are required to enable half duplex TDD UE to benefit from inter-band CA with different TDD configurations on different bands.
3.3
UE implementation
If inter-band CA with different TDD configurations on different bands is supported, typically there will be separate RF chains for different bands with different UL/DL switching points. There could be some cost/performance penalty for TDD UE to support simultaneous transmission/reception on different bands, e.g., additional component insertion loss and/or additional filtering, but if we take FDD UE requirements as baseline, there is no showstopper found to implement full duplex TDD UE. Our view on UE implementation can be found in [4] in more detail. 

Observation: There are no showstoppers foreseen that would prevent from implement ing full duplex TDD UE.

As a summary, we have the following proposal:
Proposal 2: Full duplex TDD UE should be assumed for inter-band CA with different TDD configurations on different bands, while half duplex TDD UE and inter-band CA with different TDD configurations on different bands do not need to be supported at the same time. The reasons are:

· Half duplex TDD UE cannot fully achieve peak data rate increase

· Significant specification efforts are required for half duplex TDD UE to benefit from flexible UL/DL resource utilization
· There are no showstoppers foreseen that would prevent from implement ing full duplex TDD UE.
4
Discussions on control singaling timing
When UE is configured with inter-band CA with different TDD configurations on different bands, there are some well known problems regarding control signaling with A/N and DL assignment/UL grant/PHICH. To agree on solutions for the problems, some questions were listed in the Chaiman’s note of RAN1#66 meeting. Here we provide our views on how the problems should be solved by answering those questions.

· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?

[NNSN]: Cross-carrier scheduling should be supported when some benefits can be justified. 

· How many bands are supported? (QC: supporting more than 2 bands is quite unrealistic) 
[NNSN]: We are fine to limit the number of bands, but maybe RAN4 is better to answer this question.

· Are there any restrictions on which combinations of UL-DL configurations can be aggregated? 
[NNSN]: We support to have some limitations on the combinations. 

· Is PUCCH still transmitted on only 1 CC? 
[NNSN]: We support to have PUCCH from only 1 carrier in 1 subframe. 

· Is PUCCH always on the PCell? 
[NNSN]: We are currently open to this. 

· Is PHICH transmitted on the cell carrying the UL grant? 
[NNSN]: Yes, we do not see strong motivation to break the Rel-10 principle.

· Same HARQ timing rules as in Rel-10? 
[NNSN]: We are currently open to this. 

· Same scheduling timing as in Rel-10? 
[NNSN]: We are currently open to this.

5
Conclusion
In this paper we provided our general view on supporting inter-band CA and different TDD configurations on different bands, in particular on the assumption of TDD UE duplex capability. Specifically, we have the following proposals:
Proposal 1: In Rel-11 inter-band CA for TDD DL and UL including different uplink-downlink configurations on different bands should be supported. The benefits include

· Peak data rate increase

· Flexible UL/DL resource utilization
Proposal 2: Full duplex TDD UE should be assumed for inter-band CA with different TDD configurations on different bands, while half duplex TDD UE and inter-band CA with different TDD configurations on different bands do not need to be supported at the same time. The reasons are:

· Half duplex TDD UE cannot fully achieve peak data rate increase

· Significant specification efforts are required for half duplex TDD UE to benefit from flexible UL/DL resource utilization
· There are no showstoppers foreseen that would prevent from implement ing full duplex TDD UE.
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