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1. Introduction

RAN 4 has received an LS from RAN 1 [1] titled LS on TDD inter-band CA with different UL-DL configurations on different bands. This contribution discuss the questions presented in the LS and drafts a response LS to RAN1. 
2. Discussion

RAN 1 LS [1] had two questions which are attached below.

Q1: For the possible TDD inter-band aggregation scenarios, what are the relevant TDD inter-band spacing’s (and their priorities) compared to FDD duplex spacing’s?

Q2: If a UE supports aggregating cells on different bands with different UL-DL configurations, can it be assumed that the UE supports simultaneous transmission/reception on the different bands?

The first question is asking what are the possible TDD band combinations (e.g. B38 and B40 in China) and priority order of the combinations and whether TDD band combination needs more or less separation between aggregated bands than FDD furthermore the second question asks if different UL/DL switching points are employed on different bands, whether transmission on one band while reception on another band can be supported simultaneously. 
2.1 Band Separation
Similarly as for FDD terminal there is a need to combine two transceiver chains to single antenna for simultaneous TDD operation. This can be done for example using diplexer see Figure 1. This combining operation gets more challenging when the band separation gets smaller and this is seen mainly as an increased insertion loss of this component. The increased insertion loss makes it more difficult or impossible for UE to meet the current single carrier RESFSENS or maximum output power requirements; this has been extensively discussed in RAN 4 during FDD inter-band CA studies. It is difficult to say what is the minimum separation of the bands that can be combined because it depends for example how much REFSENS/MOP degradation is acceptable. However that can be said that there is no difference combining FDD or TDD bands in this sense. The additional insertion loss coming from the combining the bands will be present also when UE supporting a certain band combination is configured to single band FDD/TDD operation on these particular bands. 

The RAN1 question about the prioritization of the TDD band combinations is difficult for RAN 4 to answer. Band combinations are agreed in RAN Plenary and are based on operator proposals which arise from commercial needs. Therefore it is impossible for RAN 4 to rank any prioritization order between TDD band combinations.
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Figure 1 TDD inter-band CA UE architecture

2.2 Different UL/DL switching points with simultaneous transmission/reception on the different bands
Second question from RAN1 was asking that if a UE supports aggregating cells on different bands with different UL-DL configurations, can it be assumed that the UE supports simultaneous transmission/reception on the different bands. 
Support for different UL/DL switching points in single carrier operation is mandatory hence all UE must be able to do that. For UE to be able to operate on aggregated cells it must have functionality that combines two bands simultaneously into antenna port, this can be achieved for example with diplexer. For UE to be able to operate aggregated cells with different UL/DL switching points it additionally needs band pass filter at PA output to reduce the Tx noise from Rx bands. Hence it can be argued that UE capable of aggregating TDD carriers which in single carrier mode can be operated in different UL/DL switching points it does not necessarily support simultaneous transmission/reception on the different bands with different UL/DL switching points. Having said that it is noted that for majority of the TDD bands there is a need to have some filtering because of co-existence issues (ISM, Band 7…) hence filter less TDD terminals might not be that common in future. 

One way forward could be that the support for different UL/DL switching points is defined as a capability. Meaning that if UE supports certain TDD operator band combination it will signal support for that CA configuration as is currently specified in RAN2 specs and that means that UE can receive or transmit on aggregated carriers which have the same UL/DL switching point. Then in addition to signalling the support for certain CA configuration UE can separately signal the capability for supporting different UL/DL switching points. This approach would enable a possibility to make selection between the flexibility of network operation coming from different UL/DL switching points and the better REFSENS and MOP performance in UE enabling better coverage (because of reduced filtering needs).
3. Conclusion

In this contribution we have discussed the issue asked in RAN 1 LS to RAN 4 and have provided a draft LS response.
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1. Overall Description:

RAN WG4 would like to that RAN WG1 for their LS on TDD inter-band CA with different UL-DL configurations on different bands. RAN WG4 has discussed this topic on meeting # 60bis and has agreed to provide following answers to RAN WG 1.

RAN WG1 Q1: For the possible TDD inter-band aggregation scenarios, what are the relevant TDD inter-band spacings (and their priorities) compared to FDD duplex spacings?

RAN WG4 Answer 1: It is difficult to give exact answer which band combinations are not feasible for TDD inter-band CA, but it can be noted that when band separation decreases combining bands gets more difficult. Combining bands with small frequency separation tends to increase UE hardware losses and thus have negative impact on UE coverage. It can also be noted that this phenomenon is common for FDD and TDD CA. 
RAN WG4 answer to the question about the prioritization of the band combinations is that the decisions on band combinations WI’s are done on RAN Plenary and thus RAN WG 4 is not able to provide prioritization information.
RAN WG1 Q2: If a UE supports aggregating cells on different bands with different UL-DL configurations, can it be assumed that the UE supports simultaneous transmission/reception on the different bands?

RAN WG4 Answer 2: There can be UE architectures that support aggregation of cells on different bands without the support of simultaneous transmission/reception on the different bands. RAN WG 4 is in opinion that it would be beneficial to develop a capability signalling to indicate a support for different UL-DL configurations with simultaneous transmission/reception on the different bands. If UE does not indicate support for this capability it can be only configured to CA operation in those networks which have same UL-DL configurations on different bands.
2. Actions:

To: 3GPP RAN WG1, 3GPP RAN WG2
ACTION: 
RAN WG4 kindly ask RAN WG1 to consider answers provides in this LS response
ACTION: 
RAN WG4 kindly ask RAN WG2 to consider the usefulness of the capability indicated in the RAN WG4 Answer 2
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