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1 Introduction
In RAN1 #66, inter-band CA with different TDD UL-DL configurations was discussed. In this contribution, we discuss the motivation/benefits of inter-band CA with varied TDD UL/DL configurations under the two alternative assumptions that UE can and cannot perform simultaneous Tx/Rx.
2 Motivation of support for CA with different TDD UL/DL configurations

· Co-existence among multiple systems – e.g., TD-SCDMA, TDD LTE. Consider an example where CC1 is close to a TD-SCDMA carrier and hence needs to align with TD-SCDMA’s frame structure in order to avoid serious uplink-downlink interference; while CC2 does not have such constraints. The reasons why it is beneficial for CC2 to use a different frame structure from CC1 include:
1. Avoiding conflicts with some fixed timeslots of TD-SCDMA limits the number of available configurations for TDD LTE
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Fig.1: Co-existence of TD-SCDMA (only fixed TS considered) and TDD LTE
In order to align with the fixed Time Slots of TD-SCDMA, sub-frames 6 & 7 in the LTE system should be configured with S & U respectively. Therefore, only UL-DL configurations 0/1/2/6 can possibly be configured for the LTE system, even without considering the alignment with other TSs of TD-SCDMA. In addition, only the special sub-frame configuration 0/5 can be used (for the carrier adjacent to TD-SCDMA bandwidth) in order to avoid the potential interference with the UpPTS of TD-SCDMA. The carrier far away from TD-SCDMA bandwidth can support a different special sub-frame configuration as already supported by R10.
For TD-SCDMA, the supported DL/UL configurations can vary from (1+K):(6-K), K=0:1:5, while for TDD LTE, the possible configurations are: DL/UL -> 2:3, 1:1, 3:2, 4:1. Obviously, the DL-heavy configurations such as configurations 3/4/5 cannot be supported.
When the other TD-SCDMA TSs are considered, the available configurations for the TDD LTE system are reduced even further. For example, when the typical DL:UL -> 4:3 configuration is employed for TD-SCDMA, the only available configurations for TDD LTE are configurations 1 and 2, i.e., DL:UL-> 3:2 or 4:1. Moreover, coordination may be necessary between TD-SCDMA and the partially conflicting 3rd and 8th sub-frames of LTE.
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Fig.2: Co-existence of TD-SCDMA (DL:UL->4:3) and TDD LTE
2. Different services provided by TDD LTE/LTE-A and TD-SCDMA. For example, TD-SCDMA systems usually do not employ the extremely unbalanced frame structures (e.g., 6:1) since there are typically 2 or 3 TSs (TD-SCDMA system can support at most 8 voice users per TS with the 1.28MHz bandwidth) that need to be reserved for voice services in practical deployments.

However, the TDD-LTE/LTE-A system has more flexibility to be deployed with asymmetric DL:UL configurations because one DL/UL subframe pair can support many more voice users.
As an example, if the TD-SCDMA carrier employs the typical DL:UL->4:3 ratio, and as a result CC1 is constrained to use configuration 2 (4:1) being the highest compatible DL:UL ratio, without support for different UL-DL configurations CC2 will not be able to be support more DL-heavy traffic levels for data download services; however, if aggregation of different UL-DL configurations is supported, CC2 could use configurations 4 or 5, giving an increase in DL capacity on CC2 of 2.8% and 16% respectively
. 

Thus, the potential benefit of supporting aggregation of different UL-DL configurations seem small unless Configuration 5 is utilized, but significant if Configuration 5 is utilized. 
· HTN deployment
One HTN deployment strategy of interest is to use some of the available carriers at the Low Power Nodes (LPNs), while the macro eNBs use more carriers than the LPNs. For example, the macro eNBs use CC1 and CC2, while the LPNs use CC2 only. It is quite possible for the LPNs to prefer a different configuration than the macro eNBs since usually the macro eNBs serve many more UEs than the LPNs and have a more balanced DL/UL traffic ratio. However, CC2 will be constrained to use the same configuration at the macro eNBs as at the LPNs to avoid interference. Then we have:
· Macro eNB: CC1 -> configuration A, CC2 -> configuration B
· LPN: CC2 -> configuration B
For the macro UEs, the aggregation of CC1 and CC2 will result in the “CA with different UL-DL configurations”.
As an example, if we assume the macro eNB uses the symmetric configuration 1, then a DL capacity increase of 40% or 58% can be available on CC2 on both the macrocell and the LPNs if configurations 4 or 5 respectively are used on CC2.

Observation 1: CA with different TDD UL/DL configurations can benefit at least multiple system co-existence and HTN scenarios.
Observation 2: The potential downlink capacity gains range from approximately 2.8% to 58%, depending on the configurations used.

Observation 3: The most significant benefits depend on the use of TDD Configuration 5. 

3 Dependence of the potential benefits on UE support for simultaneous Tx/Rx
At RAN1#66, it was decided to ask RAN4 whether it can be assumed that the UE supports simultaneous transmission/reception on the different bands. The answer to this question may influence the flexibility and hence the usefulness of  “CA with different UL-DL configurations”. While awaiting the answer from RAN4, we consider here the impact of the two possible answers on the potential benefits of “CA with different UL-DL configurations”.
· Without simultaneous Tx-Rx
If the UEs do not support simultaneous Tx-Rx, the sub-frames with different configurations on the aggregated CCs cannot be simultaneously allocated to the UE, as shown in Fig.3.

[image: image3.emf]D

CC1 U

CC2

D

U D

S

U D D D S

U D

S

U U D S U

U


Fig.3: Available subframes for CA with simultaneous Tx/Rx

When the CA can only be conducted on limited subframes, the benefit of CA seems relatively unclear since there is a much simpler way to achieve similar throughputs, namely aggregating sub-frames in the time domain, as shown in Fig.4.
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Fig.4: “Sub-frame Aggregation” to replace CA

Moreover, the scheduling flexibility could be affected. Taking cross-cell scheduling as an example, the UE could not demodulate the SCC’s DL subframes when transmitting UL data/signalling at the corresponding PCC’s UL subframe, and vice versa.
Observation 4: Without simultaneous Tx/Rx at the UE side, the benefit of “CA with different TDD UL/DL configurations” is limited.
· With simultaneous Tx/Rx

If simultaneous Tx/Rx is supported, the benefits of “CA with different TDD UL/DL configurations” are as discussed in Section 2.
4 Summary
We derive the following observations regarding the motivations and potential benefits for “Inter-band Carrier aggregation with different TDD UL-DL configurations”:
Observation 1: CA with different TDD UL/DL configurations can benefit at least multiple system co-existence and HTN scenarios.
Observation 2: The potential downlink capacity gains range from approximately 2.8% to 58%, depending on the configurations used.

Observation 3: The most significant benefits depend on the use of TDD Configuration 5. 

Observation 4: Without simultaneous Tx/Rx at the UE side, the benefit of “CA with different TDD UL/DL configurations” is limited.
Based on the above observations, we propose that:
· CA with different TDD UL/DL configurations should be supported in R11 if simultaneous Tx/Rx is supported by the UE. It is unclear whether it is worthwhile to support CA with different TDD UL/DL configurations if simultaneous Tx/Rx is not supported by the UE.





















































































































� Assuming Special Subframe Configuration 3 in CC2, and Special Subframe Configuration 0 in CC1 in order to align with TD-SCDMA. Note that even in Rel-10, it is already possible to support different Special Subframe Configurations on different aggregated CCs, and therefore even without supporting different UL/DL configurations it is already possible for one aggregated CC to have significantly more DL capacity than another. For example, for a carrier with UL/DL configuration 1, the DL capacity can be increased by 26% just by changing the special subframe configuration from 0 to 3.
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