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1 Introduction

In the last meeting, it was agreed to have discussion on the motivation/benefits of TDD different UL-DL configuration on different bands in this meeting. Questions to address were also captured by the chairman as following.
· For RAN1#66bis, aim to provide analysis of the motivation/benefits for inter-band aggregation of CCs with different TDD UL-DL configurations, before deciding whether inter-band aggregation of CCs with different TDD UL-DL configurations will be supported in the RAN1 specs in Rel-11.

· Questions to address:
· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?

· How many bands are supported? (QC: supporting more than 2 bands is quite unrealistic)

· Are there any restrictions on which combinations of UL-DL configurations can be aggregated?

· Is PUCCH still transmitted on only 1 CC?

· Is PUCCH always on the PCell?

· Is PHICH transmitted on the cell carrying the UL grant?

· Same HARQ timing rules as in Rel-10?

· Same scheduling timing as in Rel-10?

In this contribution, we provide the motivation of different UL-DL configuration on different bands. We also propose the approaches of the discussion to support TDD different UL-DL configurations on different bands relating to the last meeting questions.
2 Discussion
2.1 Motivation
One of remarkable merits of TDD is the DL/UL traffic ratio can take into account UL-DL configuration in the same bandwidth. In hierarchical cell structure type deployment where the combination of larger cell and smaller cells in different bands, there could be the case that UL-DL configuration is different on each band because of the difference of the traffic pattern or the average coding rate difference for the different coverage. To have CA capability among these different UL-DL configurations allows to have the chance to utilize CA. 
In addition, to have different configurations on different bands allows finer granularity to adopt DL/UL ratio for a CA capable UE.
2.2 Approach
At RAN1#66 meeting, many issues and solutions on supporting TDD different UL-DL configurations between bands were proposed. Then the questions to address were listed based on them by our chairman. We think before discussing the questions one by one, it would be better to identify the approaches and to decide which approach RAN1 takes in Rel-11 should be clarified because answers to the questions vary depending on the approach.
Proposal 1: Before discussing the questions to address, which approach RAN1 takes in Rel-11 should be clarified.
According to the last meeting discussion, we think the approaches can be categorized by following criteria. 

- Whether simultaneous UL/DL is supported or not.

- Whether to utilize cross-carrier scheduling and/or to utilize self scheduling

- The difficult case is handled by changing PDCCH/PDSCH/PUSCH/PUCCH timing and/or by introducing PUCCH on SCell

Based on above criteria, 6 approaches shown in Fig 1 are possible. The main characteristics are also shown in Figure 1. These characteristics are 

- Whether any band combination or simplified RF is possible or not

- CA based HetNet is possible or not

- How much the supported combinations are limited.
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Fig.1 Approaches to the support of TDD different UL-DL configurations on different bands

In order to support all frequency combination including narrow band relation of inter-band, there is a case that simultaneous UL and DL for UE is not possible because of frequency separation and self-interference to the UE receiver from UE transmitter. Hence, the system should support the case that UE does not support simultaneous UL/DL. 
In this condition, the HARQ-ACK transmission issue (as discussed in [1]) in the case of “SIB2 configured DL subframe on PCell and SIB2 configured UL subframe on SCell” is solved simply by not supporting the combinations of UL-DL configurations including such a case. Then we can reuse the same HARQ-ACK transmission timing scheme as in Rel-10. 
Regarding the case of “SIB2 configured UL subframe on PCell and SIB2 configured DL subframe on SCell”, it can be translated to, per a UE perspective, “if there is uplink transmission on PCell, there is no transmission/reception on SCell. Otherwise there is no transmission on PCell (Note that there can be downlink reception on PCell if the SIB2 configured UL subframe is faked to DL subframe) and there can be downlink reception on SCell”. This further means, per a UE perspective, “the UE behaviour is half duplex in spite cell SIB2 configuration is not necessary to be half duplex”. We think this case (Approach 1) has the minimum essential function for Rel11. Then other cases (Approaches 2-6) are rather optimization. To change HARQ-ACK transmission timing or cell means to support simultaneous UL/DL.
In Approach 1, any band combination can be supported by not supporting simultaneous UL/DL. But more limitation due to not supporting simultaneous UL/DL is needed in addition to not supporting the combinations of UL-DL configurations including the case of “SIB2 configured DL subframe on PCell and SIB2 configured UL subframe on SCell”.
Proposal 2: At least Approach 1(No simultaneous UL/DL and self-scheduling) is supported in Rel-11 to support all frequency combinations including narrow band relation.

Approaches 2-6 show the cases supporting simultaneous UL/DL. Approach 6 supports both self scheduling and cross-carrier scheduling, and there is no restriction to the combination of UL-DL configurations. Approach 6 is most optimized but we don’t think RAN1 can take it due to the limited standardization time in Rel-11. Therefore for frequency combinations supporting simultaneous UL/DL, we propose to take Approach 6 in later release and to concentrate on either Approach 2/3 or Approach 4/5 as the modification of Approach 1 in Rel-11.
Proposal 3: Approach 6(full support of all combinations) will be considered in later release.

Approach 2/3 supports self scheduling only. In this approach, the HARQ-ACK transmission issue is solved by shifting the transmission timing to a later subframe (Approach 2) (as discussed in [3]) or allowing PUCCH on SCell (Approach 3) (as discussed in [4]).

Approach 4/5 supports cross-carrier scheduling only. In this approach, the PDCCH scheduling timing issue (as discussed in [2]) is solved by not supporting the combinations of UL-DL configurations including the case of “SIB2 configured UL subframe on PCell and SIB2 configured DL subframe on SCell”, which is opposite to the limitation used in Approach 1. The solution to the HARQ-ACK transmission issue is the same as Approach 2/3 respectively.

Approaches 2, 3, 4 and 5 support simultaneous UL/DL hence restriction on the combinations would be more modest than Approach 1 which does not support simultaneous UL/DL.
Comparing Approach 2/3 and Approach 4/5, we think Approach 2/3 looks simpler than Approach 4/5. Furthermore, in Approach 4/5, not supporting the combinations of UL-DL configurations including the case of “SIB2 configured UL subframe on PCell and SIB2 configured DL subframe on SCell” means, in general, “SCell is always UL heavier than PCell”. Then even if support of cross-carrier scheduling is prioritized in order to support CA based HetNet with Approach 4/5, such limitation may incur the usefulness in HetNet. Hence we prefer to take either Approach 2 or 3 in Rel-11 for frequency combinations supporting simultaneous UL/DL.
Proposal 4: Either Approach 2(self-scheduling, change the timing) or 3(self-scheduling, PUCCH on SCell) is taken in Rel-11 for frequency combinations which can support simultaneous UL/DL.
3 Conclusion 
In this contribution, we discussed the motivation and the approach to support TDD different UL-DL configuration on different bands.
Proposal 1: Before discussing the questions to address, which approach RAN1 takes in Rel-11 should be clarified.
Proposal 2: At least Approach 1(No simultaneous UL/DL and self-scheduling) is supported in Rel-11 to support all frequency combinations including narrow band relation.

Proposal 3: Approach 6(full support of all combinations) will be considered in later release.

Proposal 4: Either Approach 2(self-scheduling, change the timing) or 3(self-scheduling, PUCCH on SCell) is taken in Rel-11 for frequency combinations which can support simultaneous UL/DL.

References 

[1] R1-112379, “Views on inter-band CA with different TDD configurations on different bands”, Nokia Siemens Networks, Nokia Corporation
[2] R1-112503, “Data scheduling in CA with different TDD UL-DL configurations”, Samsung
[3] R1-112408, “CC-specific TDD configuration for enhanced CA in Rel-11”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[4] R1-112474, “Consideration on Different TDD UL/DL Configurations for Inter-band CA”, LG Electronics

































































































































PAGE  
3GPP
2/4

