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1
Introduction
The new WI of CA enhancement was agreed in RAN#51 meeting [1]. In the WID, the following working area was agreed as one method for CA enhancement:
· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands

This means that different TDD configurations could be configured on each of the inter-band carriers for a TDD UE with CA capability, which will be called CC specific TDD configuration in the following text. In this paper, we discuss the very first issue for the CC specific TDD configuration, that is, how the TDD UE operates in CA mode under CC specific TDD configuration.
2
CC Specific TDD Configuration
The most specific characteristic of CC specific TDD configuration is the existence of overlapped subframes, i.e. a TDD UE will have DL and UL subframe in the same TTI. This is shown in the following figure:
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Figure 1 Overlapped subframes in CC specific TDD configuration
From Figure 1 we can see that because of different TDD configurations, UL and DL subframes will exist in the same subframe. Thus with CC specific TDD configuration, the first and the most important issue to be discussed is how TDD UEs should to cope with this kind of overlapped subframes. Does the TDD UE need to know the actual TDD configuration on each carrier? Does the TDD UE need to support simultaneous transmission and reception? Since legacy Rel-10 TDD UEs do not support inter-band CA, these issues will be discussed for Rel-11 TDD UEs in the following sections.
3
Indication of CC specific TDD configuration
When carriers with different TDD configurations are aggregated for a TDD UEs, the first issue is the necessity of indicating the actual TDD configurations to the UE. If we do not indicate the actual TDD configurations to the UEs, e.g. reusing Rel-10 signaling, the UE will assume that all carriers are configured with the PCell’s TDD configuration. This will result in the issues listed below.

Since the actual TDD configuration for the SCell is different with that for the PCell, there will be fake UL subframes and fake DL subframes in the SCell. This is shown in the following figure:
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Figure 2 Fake DL/UL subframes for legacy TDD UEs

Obviously, in these fake DL/UL subframes, the UE cannot do normal transmission and reception as in normal DL- or UL-only subframes. For fake UL subframes, implementation-based methods are enough to block a UE’s UL transmissions. For example, the eNB does not send UL grants for these subframes and the eNB does not configure D-SR and SRS resource on these subframes. Additionally, there is no problem for UL feedback transmission, since the UL feedback is always on the PCell.

For fake DL subframes, more issues arise. Although the eNB can avoid DL scheduling in these subframes, the UE would still assume CRS is transmitted in those subframes. This will severely impact CRS based measurement and UE implementation algorithms, e.g. channel estimation, AFC, timing synchronization, AGC, SNR estimation, channel profile/correction etc., which typically rely on cross-subframe filtering of CRS measurements. Besides, radio link monitoring is also be impacted. To solve these issues, the UE will need to know which subframes are ambiguous in order not to use those subframes in its processing.

One backward compatible solution for this could be to use the two CSI subsets that have been agreed for eICIC in Rel-10 [2]. Then UEs will have separate process and measurement for two sets of subframes, and with the knowledge of fake DL subframes, eNB could abandon the CSI report for the fake DL subframes, and the system performance will not be impacted as much. However, this may impact eICIC performance when CC specific TDD configuration coexists with an eICIC scenario, and the solution also increases the UE implementation complexity, since filters may need to be tailored to the configured subframe pattern.

Based on the above analysis, a TDD UE which supports CC specific TDD configuration should know the actual TDD configuration on each carrier. This can easily be supported with little effort since TDD configuration has already been added to the SCell configuration signaling in Rel-10. Then there will be no CRS measurement and process issues for new TDD UEs. Hence, we have the following proposal:
Proposal 1: 
Indicate the actual TDD configuration for new UEs that support CC specific TDD configuration;

4 
Simultaneous transmission and reception
For new TDD UE design, generally there are two operation principles to cope with overlapped subframes

· Support simultaneous transmission and reception in overlapped subframes, or
· Do not support simultaneous transmission and reception in overlapped subframes

Allowing simultaneous transmission and reception seems to be the straightforward operation mode, and the advantage of such operation is that UE can maximally utilize all DL/UL subframes on each carrier. However, if a TDD UE can support simultaneous transmission and reception in the same TTI, is it still a TDD UE with the advantages that entails? Our understanding is that TDD is defined per RF chain. Thus for inter-band CA, where multiple RF chains need to supported, the simultaneous transmission and reception does not happen within the same RF chains and in each RF chain there is still TDD duplex mode. 
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Figure 3 New TDD UEs support simultaneous transmission and reception

To avoid self-interference, a large enough frequency gap between carriers configured with different TDD configuration needs to be ensured for a new TDD UE to be able to support simultaneous transmission and reception. Further discussions is needed on how such an operation principle impacts UE implementation and therefore the cost, e.g. extra duplex filter need to be added and how this will impact UE cost and implementation complexity.
In RAN2#74 meeting, some HARQ issues were proposed in [3] for simultaneously transmission and reception. The issues were feedback missing problem due to the PCell subframe not being an UL subframe, missing DL assignment and missing PHICH problem caused by cross scheduling etc. These issues and more potential issues of HARQ need to be studied if simultaneous transmission and reception is supported. The issues seem to be solvable, e.g. the most straightforward way is to disable cross scheduling. 
If simultaneous transmission and reception are not supported by all UEs, those UEs cannot utilize all DL/UL subframes and will miss transmission or reception chances due to subframe blocking for overlapped subframes. Further consideration is needed from peak data rate and also DL/UL traffic points of view on whether it is sufficient to configure only a single CC to such UEs. With the proposal above that the UEs know the actual TDD configurations on each carrier, there will be no CRS measurement and process issues here, but still new UE behavior is needed e.g. for CRS measurement related procedure. In some cases, the UE needs to follow indicated TDD configuration, while for other procedures, it is sufficient to follow the same TDD configuration as for the PCell.
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Figure 4 TDD UEs not supporting simultaneous transmission and reception

Since one direction needs to be blocked in the overlapped subframe, the first potential issue is how to prioritize subframe direction for overlapped subframes. For example, in Figure 4 the UL subframe in the PCell is prioritized and the DL subframe in the SCell is blocked. Possible types of prioritization for overlapped subframes are listed below for example:
· Fixed prioritization: The direction of overlapped subframes will not be changed after the SCell is configured;
· Semi-statically prioritization: The direction can be semi-statically changed, e.g. using RRC signaling to configure which direction is prioritized;
· Dynamically prioritization: The direction can be dynamically changed, e.g. via L1 signaling or prioritization patterns;
All the above solutions will impact the actual TDD timing on the aggregated carrier and each operation principle will lead to different designs. So we suggest that RAN1 will need to evaluate the gain, complexity and effort needed in order to decide which solution and operation principle is preferred.
Proposal 2: 
RAN1 should consider the need to support simultaneous transmission and reception before deciding how to progress with CA and a CC specific TDD configuration.

4
Conclusions
This paper discussed the operation principles for new TDD UE to cope with overlapped subframes in CC specific TDD configuration, and also analyzed the impact for rel-10 legacy TDD UEs. Based on the discussion, we have the following proposals:
Proposal 1: 
Indicate the actual TDD configuration for new UEs that support CC specific TDD configuration;

Proposal 2: 
RAN1 should consider the need to support simultaneous transmission and reception before deciding how to progress with CA and a CC specific TDD configuration.
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