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1   Introduction
One of the objectives of Release 11 LTE carrier aggregation enhancement WI [1] is to investigate, 

· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands
RAN1 has initiated related discussions on this topic in RAN1#66 meeting. However this issue also has a lot of implications to RAN4 work, e.g. the UE feasibility aspect to support simultaneous UL and DL on different band needs to be analyzed. In [2], RAN1 send a LS to RAN4 asking some questions about this issue. This document will discuss this issue and give our views on TDD inter-band carrier aggregation for simultaneous UL and DL on different band.
2   Discussion
2.1   Review of RAN1 LS[2] 
In RAN1 #66, RAN1 discussed TDD inter-band carrier aggregation with different UL-DL configurations on different bands, where transmission directions in the same subframe on different bands may be different, i.e. downlink on one band and uplink on another band. RAN1 needs feedback from RAN4 to evaluate UE implications for support of simultaneous transmission/reception on different bands. Hence, RAN1 would like to ask RAN4 the following questions:

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?

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?

Before answering RAN1 questions, let’s take a look at the impact of different uplink-downlink configurations on inter-band carrier aggregation of BS and UE. 

2.2    Discussion

There are 2 cases for TDD inter-band carrier aggregation depending on UL/DL configurations on the aggregation bands.

Case 1: Same uplink-downlink configurations on the aggregated operating band a and band b.

Figure 1 Same UL-DL configuration for band a and band b

Case 2: Different uplink-downlink configurations on the aggregated operating band a and band b.

Figure 2 different UL-DL configurations for band a and band b 
An example implementation for BS and UE is shown in figure 3. The following will give analysis on these two cases.
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Figure 3 Example implementation not supporting simultaneous transmission and reception

For Case 1, both transmission and reception between the aggregated bands are time aligned. All the discussions except for band-specific issue in other inter-band WI is also applicable to or can be easily extended for TDD inter-band carrier aggregation for this case. In this case the duplexer in figure 3 is used just to combine the two signals from band a and b. There is no stringent filtering requirement on this duplexer which is more cost-effective and more implementable. 
For Case 2, the eNB needs to support simultaneous transmission and reception on the aggregated bands in the crossing subframe #3/8.  In the subframes that have the same direction, the UE can easily realize inter-band carrier aggregation as in case 1 since the transmission or reception is time aligned and there is no self interference issue. Whether UE can support simultaneous transmission and reception or not in the crossing subframe #3/8 depends on the inter-band distance which will impact the implementation complexity of the duplexer in figure 3. So it should be a band-dependant issue and should be discussed on a case by case basis. Taking Band 38 and Band 40 as a candidate scenario for TDD inter-band carrier aggregation, the corresponding inter-band frequency distance as well as the relative bandwidth (Bandwith/Band Centre Freq=50/2345=2.1%) is similar to that of FDD band 1 (Bandwith/Band Centre Freq=60/1950=3%). There might a possibility to support this feature for this particular combination. However the impact of self interference issue from one band to another band still needs to be carefully evaluated before any conclusion. 
Compared to Case 1, the main impact of case 2 on UE implementation include,

· Stringent filtering requirement on duplexer is needed to filter the transmitter interference from one band to another band when these two bands have simultaneous UL and DL. 

This will add cost to UE. There is almost no filtering requirement on duplexer in Case 1 since the purpose of duplexer in case 1 is just to combine signals from 2 branches. 
· The receiver filter needs to improve rejection performance since currently the blocking level is increased to +23dBm when simultaneous UL/DL exists on the 2 bands. 

The receiver filter in figure 1 just needs to consider out of band blocking level of -15dBm. The increased 37dB (23dBm-（-15dBm）)rejection is not negligible for UE implementation. 
· The receiver may also need to consider some improvements in corresponding to the simultaneous transmission in another band. 

Since it does not consider any rejection of transmitter in another band, the current transceiver may need to be re-designed.
From the analysis above, it is seen that there should be no problem for a UE to do inter-band carrier aggregation in the subframes that have the same direction. However simultaneous uplink and downlink on different bands is rather implementation dependant and it is a band-specific issue. The most important premise is that the two bands for CA should have large enough frequency separation. Since this feature will increase UE cost and complexity obviously, significant benefits should be identified before deciding to introduce this feature in Rel-11.  Further evaluations in RAN1 and RAN4 are both needed.
2.3 Draft answer to RAN1 questions

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?

RAN4 Answer: The TDD inter-band spacings and the FDD duplex spacings are both band specific. Hence, the comparison of TDD inter-band spacings to FDD duplex spacings shall be done case by case. Currently there is no band specific work item on TDD inter-band carrier aggregation in RAN4. Taking Band 38 and Band 40 as a candidate scenario for TDD inter-band carrier aggregation, the corresponding inter-band frequency distance as well as the relative bandwidth (Bandwith/Band Centre Freq=50/2345=2.1%) is similar to that of FDD band 1 (Bandwith/Band Centre Freq=60/1950=3%).

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?

RAN4 Answer: The feasibility of TDD UE supporting simultaneous transmission/reception on different bands depends on the frequency distances of the aggregated TDD bands. Additional UE implementation complexity and cost occur for TDD UEs supporting simultaneous transmission/reception on different bands, compared to UEs not supporting simultaneous transmission/reception on different bands. In the end, whether a UE shall support simultaneous transmission/reception on different bands needs to consider the trade off between performance benefits and UE complexity/cost.

3   Conclusion
This document discussed the issue on inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands. Based on the discussion, we have the following observations
Observation 1: Whether TDD UE can support simultaneous uplink and downlink transmission/reception on different bands is scenario-specific, e.g. the frequency distance of the band is the determining factor.
Observation 2: Even if the frequency distance of the aggregated bands is large enough for UE to handle the self-interference, it also adds cost and complexity to UE implementation to support simultaneous transmission and reception.

It is proposed to consider trade off between the benefits bring by this feature and UE implementation aspects before deciding to support this feature in the inter-band carrier aggregation for TDD.
A draft LS to RAN1 with CC to RAN2 is provided in [3] based on the observations in this paper.
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