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1. Introduction 
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?

In this contribution, we explain the inter-band CA with different TDD UL-DL configurations on aggregated cells and propose some responses to the LS in R1-112867/R4-11xxxx.
2. Discussion 

The Rel-11 CA enhancements work item [1] objective includes the following working area to be investigated as one TDD CA enhancement:

· “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands”.
The above bullet gives the following two kinds of TDD CA operation to be studied in Rel-11:

· Inter-band CA with the same TDD UL-DL configuration across aggregated cells (Pcells and Scells). To support this, it seems no additional work on top of R10 CA mechanism is needed in RAN1 and mainly RAN4 is involved.

· Inter-band CA with different TDD UL-DL configurations on aggregated cells. To support this, there are some issues to be worked out in RAN1 and RAN2. Issues regarding scheduling and corresponding HARQ timing may need further investigation in RAN1/RAN2.
With the above understanding, RAN1 could continue its studies under the assumption of no simultaneous transmission/reception with different UL/DL configurations in the aggregating cells. However, the issue remains open in the later case.
From RAN4's perspective, the major concern will be the impact on the TDD UE architecture, the cost and complexity. On top of that, some considerations on the foreseeable usage of this feature would be helpful. Two potential usage scenarios can be identified:

1. In het-net deployment scenarios, see Figure 1.

2. In coexistence within the TDD networks
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Figure 1 Use case of TDD inter-band CA with different UL-DL configuration on different CCs

Figure 1 shows a typical example, where CC1 and CC2 are on different bands, Macro Cell on CC1 provides the Macro coverage and RRH cells on CC2 are used to improve throughput at hot spots, and RRH cell on CC2 can be aggregated with underlying Macro cell on CC1. As mobility is performed based on CC1 coverage, the UL-DL configuration on CC1 should primarily consider sufficient number of UL subframes to guarantee UL coverage even if UL traffic load is very low, e.g. 2 UL subframes per half frame are required to guarantee Macro coverage as shown in figure 1 (in very large coverage case, 3 UL per half frame would be required). On the other hand, the RRH cells on CC2 should be configured with DL heavy UL-DL configuration because UL traffic is usually much less than DL traffic in the hot spots. In this deployment scenario, imposing UL-DL configuration on CC2 same as that on CC1 may result in UL resource waste and consequently DL throughput loss on RRH cells. Hence, different UL-DL configurations on aggregated inter-band cells could be useful to support more flexible UL-DL traffic asymmetries in the Het-net deployments.
On the other hand, to allow co-existence with a neighbouring TDD network, the cell on the operating band adjacent to the operating band of neighbouring TDD network should have a specific TDD UL-DL subframe configuration to avoid the interference, while other cells on the non-adjacent bands may need to have different TDD UL-DL subframe configurations to satisfy the overall UL-DL traffic asymmetry requirement or other purposes. So enabling inter-band CA in this case implies the capability of aggregating cells with different TDD UL-DL configurations on different bands.
3. Proposal 

RAN4 will eventually specify the RF core requirements and performance for this feature. One important issue to investigate in RAN4 is the potential Tx/Rx leakage (i.e. due to duplex-mode operation for this feature) interference. So, it should be noted that the frequency spacing between Pcell and Scell will need further consideration. Also, powering such a multi-transceiver UE architecture  may slightly increase the power consumption and some restrictions based on realistic inter-band aggregation combinations should be considered. So, the important target for RAN4 is to balance the different aspects of this feature. Otherwise, RAN4 will face the risk of unable to complete the Rel-11 CA enhancement work on time. 
Proposal: 
RAN4 therefore should respond to the LS R1-112867 as soon as possible in order to progress the CA enhancement work, both in RAN1/2/4. We therefore propose some tentative answers here to progress the work. 

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 response]: With regards to the TDD interband CA with different UL-DL configurations in different aggregating cells, RAN4 is understood that some impacts on the UE complexity can be foreseen, where  this could  depend on the TDD inter-band aggregation scenarios (note that prioritisation on the TDD inter-band  aggregation scenarios may be required). To support simultaneous transmission/reception on different bands, it is necessary to activate additional transceiver chain and the use of additional duplexer. So, even though this is feasible from UE implementation perspective, some restrictions on the UE capability may be needed, including the Tx/Rx frequency separation. For instance, in the Band 38 + Band 40 case, the smallest and largest Tx/Rx frequency spacings could be 170 MHz and 320 MHz, respectively. Larger Tx/Rx frequency spacing will ease the UE implementation and complexity. 
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 response]: For a UE to support different UL-DL configurations on aggregating Pcells and Scells, RAN4 is understood that existing UL-DL subframe configurations in Rel-10 will be re-used. Based on existing TDD UE architecture, the half-duplex operation is possible. To assumed full-duplex mode of operation, additional transceiver chain and duplexer may be needed. In a synchronous TDD network (with/without multiple TA), it is highly probable of different UL-DL subframes across the aggregating Pcells and Scells, where support of simultaneous Tx/Rx on different bands could facilitate more efficient resource management across the aggregating Pcells and Scells.  
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