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1
Introduction
The new WI of CA enhancement was agreed in RAN#51 meeting [1]. In RAN1#66 meeting, the following agreements were reached:
1. No new TDD UL/DL configurations will be considered in this WI.
2. If support of different TDD UL-DL configurations on different bands is specified, it is assumed that the UEs will be informed of the actual UL/DL configuration of aggregated CC.
In this meeting, the motivation and advantage of CC specific TDD configuration of different operation mode is addressed, for different operation mode i.e. simultaneous and non-simultaneous Tx-Rx for TDD UE respectively. In [2], we analysed the details of different operation modes and in this paper we focus on the analysis of the use cases and the application scenario for two different operation modes, based on the agreements reached in RAN1#66.
2 Discussions
Basically three use cases for CC specific TDD configuration were proposed by companies in RAN1#66 meeting [3]
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[4],  co-existence requirements, DL throughput improvement in HetNet scenario, and the eMBMS scenario. In this section, a detailed analysis for these application scenarios and use cases of CC specific TDD configuration with or without simultaneous Tx-Rx are presented and discussed.
3.1 Co-existence requirement
When the operated LTE bands are adjacent to legacy TD-SCDMA bands, LTE TDD DL/UL configuration is restricted to certain specific TDD configurations to avoid DL-UL interference between adjacent bands, but for the carrier in a different frequency band of the inter-band TDD CA UE, it would be possible to use a different TDD configuration not restricted by the co-existence requirement. This is shown in the figure below.
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Figure 1 Co-existence scenario
Here, Band A and Band Z have a large separation and are both used for TD LTE system. Band A is also used for a TD-SCDMA system on a carrier frequency adjacent to the TD-LTE system. To enable co-existence with TD-SCDMA system on Band A, the TDD LTE DL/UL configuration used needs to be restricted, e.g. only to TDD configuration1 or 2. For Band Z, if CC specific TDD configuration is not supported, it would have to use the same TDD configuration as Band A, i.e. also restricted by the co-existence requirements which is obviously unnecessary. If CC specific TDD configuration is supported, more TDD DL/UL configurations could be used on Band Z either for DL&UL throughput optimizations or UL coverage improvements.
If CC specific TDD configuration is supported, we do not need to consider simultaneous Tx-Rx for non-simultaneous Tx-Rx TDD UE since this will be an additional capability for new TDD UEs, but some UL or DL subframes for a given UE have to be muted.  For example, when TDD configuration 1 and TDD configuration 5 are aggregated for DL throughput improvements, three UL subframes have to be muted and 50% of the UL resources are switched off for such TDD UEs. Thus for non-simultaneous Tx-Rx TDD UE, if the target for improvement is throughput in one direction, the resources for other direction has to be decreased or sacrificed. However for simultaneous Tx-Rx mode, these muted DL/UL subframes could be utilized thus leading to higher DL/UL throughput. For example the DL heavy TDD configuration in Band Z may be configured based on the need of throughput on a system level while there might be a subset of UEs that still require considerable UL traffic. For this subset of UEs, it is not desirable to support DL heavy TDD configurations on band Z at the cost of significantly impacted UL throughput on band A. On the other hand, even for this subset of UE, when there is no need to support extremely asymmetric DL and UL traffic, it is not straightforward for them to be active UL in Band A by switching off DL reception for some DL subframes in Band Z, as the latter will require further complexity in both specifications and UE implementation.
3.2
HetNet Scenario
In HetNet scenario, if different bands are used for low power cell and macro cell, then different TDD DL/UL configuration can be used to improve the DL and/or UL throughput in low power cell e.g. Pico cell or Femto cell. For example in Figure 2, Band A and Band Z are different band, Band A is used for macro cell coverage and Band Z is used for low power cell for DL and/or UL throughput improvement. Then TDD configuration with more DL or UL subframes could be used on Band Z.
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Figure 2 HetNet Scenario

Similar to the analysis in previous section, compared with non-simultanoues Tx-Rx TDD UE the simultaneous Tx-Rx mode does requiring decreasing the UL throughput for the TDD UEs when CC specific TDD configuration is used to improve DL throughput, and this is important for UEs that need improved DL throughput, but not at the sacrifice of decreased UL throughput.
3.3
eMBMS Scenario
For the eMBMS scenario, one carrier is dedicated to use for eMBMS services and highly likely a TDD configuration with more DL subframes will be used. With Band Z in Figure 3 used for eMBMS and Band A for macro cell coverage, a TDD configuration with more UL subframes will be used in Band A compared to Band Z.. A UE receiving emBMS services will need to read the MBSFN subframes and cannot utilize the corresponding UL subframes. Also in this case, , simultaneous Tx/Rx will benefit the UE. 
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Figure 3 eMBMS Scenario
Observation 1: For CC specific TDD configuration scenarios, simultaneous Tx-Rx mode enables DL/UL throughput improvement without sacrificing the throughput in the opposite link direction;

Moreover, if non-simultaneous Tx-Rx mode is initially supported, and simultaneous Tx-Rx mode is only included at a later stage, RAN4 would need to define the RF requirements for inter-band TDD CA twice.
Observation 2: RAN4 will have more work if different UE modes, simultaneous vs. non-simultaneous Rx-Tx,  are supported in different time scales for CC specific TDD configuration
Proposal:   RAN1 should discuss the schemes for both simultaneous Tx-Rx mode and non-simultaneous Tx-Rx mode. If no significant increase in complexity, simultaneous Tx-Rx mode should be supported from the start.

4
Conclusions
In this paper, scenarios for CC specific TDD configuration are discussed and analysed, as well as the advantage and disadvantage of simultaneous Tx-Rx mode and non-simultaneous Tx-Rx mode in these scenarios. From the discussion, we have the following observation and proposal:
Observation 1: For CC specific TDD configuration scenarios, simultaneous Tx-Rx mode enables DL/UL throughput improvement without sacrificing the throughput in the opposite link direction;

Observation 2: RAN4 will have more work if different UE modes, simultaneous vs. non-simultaneous Rx-Tx,  are supported in different time scales for CC specific TDD configuration
Proposal:   RAN1 should discuss the schemes for both simultaneous Tx-Rx mode and non-simultaneous Tx-Rx mode. If no significant increase in complexity, simultaneous Tx-Rx mode should be supported from the start.
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