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Introduction
As part of carrier aggregation enhancements following is agreed (apart from other agreed points):

· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands [1]
In Rel-10 carrier aggregation for TDD it is assumed that all the carriers will be having same TDD configuration and aggregation is possible only for intra-band. In this document it is analysed what are the implications of supporting carrier aggregation in TDD when different TDD configurations are supported in different cells. 
Discussion
Some of the motivations to support inter-band call specific TDD configuration carrier aggregations can be considered as:
1. TDD configuration inherently provides flexibility in terms of asymmetric operation based on UL/DL traffic. When different TDD configurations are aggregated it can further provide flexibility in terms of DL: UL ratio.

2. It can provide flexibility for handling co-existence issues with legacy TDD system where operators are restricted to select TDD configuration in such a way that it can coexists with legacy TDD system operating in adjacent band rather than primarily based on traffic pattern.
3. It could be beneficial to make lower frequency cell as UL heavy and higher frequency carrier as DL heavy, because with this UL coverage can be better.

4. When HetNet is deployed in one cell then it can be beneficial to have different DL:UL ratio in other aggregated cell to balance the available DL:UL subrame ratio as per traffic need.

5. Currently different TDD configurations can be supported in different band without carrier aggregation so it make sense to have same support in case of carrier aggregation as well [2]

Observation 1: Based on the discussion above it can be seen that there exist some motivation to support cell specific TDD configuration in inter-band carrier aggregation.
Inter-band TDD carrier aggregation with cell specific TDD configuration is considered based on the assumption that there is sufficient frequency separation present between the bands. However as per [3] it can be seen that the frequency separation between some of the TDD bands is very small and in some cases it is almost nill. RAN4 is required to specify exactly how much minimum frequency separation is required between two TDD bands to allow cell specific TDD configuration in inter-band carrier aggregation.
Assuming that there will be some minimum required separation is available between two TDD bands for supporting cell specific TDD configurations for inter-band carrier aggregation then there are two possibilities:

UE Type 1: Simultaneous transmission and reception in different TDD bands is NOT supported

UE TYPE 2: Simultaneous transmission and reception in different TDD bands is supported

Typically RF chains for different bands are different however if simultaneous TS and RX happens if different bands because of different timings of DL and UL as per TDD configuration that it is possible that there can be leakage from Tx of one band to Rx of another band. This will require additional hardware such as duplexer. Though there will be additional cost for it but it will not be very large. So it is better that simultaneous Tx and Rx operation in different cell should be supported. To gain the full potential of carrier aggregation and avoid loss of peak UE throughput it is better to focus on UE of type 2 only. This will ease the eNB scheduler as well because it will not have to deal with mix of UE type 1 and UE type 2 in the field.
Proposal 1: UE with simultaneous Rx and Tx capability should be considered as baseline for cell specific inter-band carrier aggregation.
Capability information will be required to carry this information to eNB about UE type.
In Rel-10 it is implicitly assumed by UE that the all the aggregated cells have same TDD configuration. There will be misunderstanding in the UE when same principle is applied in this case. To avoid such misunderstanding RAN1 in RAN1 #66 has agreed [4] that UE will be informed about TDD configuration of each aggregated cell.

In general two main issues with Cell Specific TDD configuration for inter-band Carrier aggregation are:
1. Cross carrier scheduling: Cross carrier scheduling will be affected as there is possibility that there is no corresponding DL subframe in the other cell. It is clear that supporting the cross-carrier scheduling in cases of different TDD UL/DL configurations between the CA cells requires additional standardization efforts and time. Limiting the supported combinations of TDD UL/DL configurations between the CA cells can be considered to reduce the standardization efforts. Otherwise, cross-carrier scheduling with subframe indicator in an earlier subframe can be considered for more flexibility. In order to do trade-off analyses for the approaches, it seems RAN1 needs to further investigate and discuss on the need for cross-carrier scheduling in cases of different TDD UL/DL configurations between the CA cells [5].
2. HARQ Timings: As in Rel-10 Ack/Nack goes on Pcell so if there is no UL subframe in Pcell at the time when Ack/Nack for data on Scell then there will be HARQ timing issue. It is possible that always make UL heavy cell as Pcell to solve this issue. However forcing UL heavy cell to be Pcell always is not good because it is better to select Pcell based on better coverage point of view. RAN1 needs to investigate what needs to be done to correct this issue if it is required to do so.  

RAN1 is discussing whether introduction of PUCCH in Scell will help in solving the HARQ timing issue. From RAN2 point of view PUCCH introduction in Scell has some impact into RAN2 specification compared to Rel 10. Such as RLM in Scell with PUCCH, mechanism to specify which Scells are having PUCCH and what all other Scells can send feedback in it, CQI/DSR rules need to be specified etc.
As it is discussed that for UE Type 1 all the subframes of aggregated cells can’t be utilised because simultaneous Tx and Rx is not possible. Even for higher capability UE of UE Type 2 it is seen that there is need to correct the the HARQ timings based on TDD configuration combinations. Going forward when more number of cells are aggregated and each cell supports different TDD configuration then it will lead to a huge number of combination of different TDD configuration. To give such level of flexibility might not be justified for the complexity and gain. So it is better to restrict number of different TDD configuration supported in aggregated cells to a low value. 
Proposal 2: Restrict number of different TDD configuration supported in aggregated cells to a low value. 
Proposal

In this contribution, we analysed cell specific TDD configuration in inter-band carrier aggregation. We propose:
Proposal 1: UE with simultaneous Rx and Tx capability should be considered as baseline for cell specific inter-band carrier aggregation.
Proposal 2: Restrict number of different TDD configuration supported in aggregated cells to a low value. 
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