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1. Introduction
In RAN #51 meeting, the WI proposal [1] for LTE CA enhancements was agreed, which includes the following item to be studied for CA enhancement in Rel-11 TDD mode.

·  “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-
downlink configurations on different bands”.
In recent 3GPP RAN1#66 meeting, for Rel-11 CA, there was a detailed progress achieved as follows:
· Support of different TDD UL-DL configurations on different bands

· Agreements:

· No new TDD UL/DL configurations will be considered in this WI.

· If Support of different TDD UL-DL configurations on different bands is specified, the UEs will 

be informed of the actual UL/DL configuration of each aggregated CC.

· Way forward on UE functionality (half vs full duplex):

· Compare benefits & Evaluate UE implications of supporting aggregation of CCs with different 

UL/DL configurations in different bands with/without simultaneous rx/tx

· LS to RAN4 to ask about relevant inter-band spacings (and their priorities) compared to FDD 

duplex spacings - can simultaneous Tx/Rx be assumed - R1-112823.

Until the latest meeting, there are still open issues need further considerations. In this contribution, we discuss these issues and give our analysis of the pros and cons. 
2. Discussion 
In Rel-10, the same UL-DL configuration is supported for different CCs when it considers the co-existence with a legacy TD-SCDMA system on the adjacent frequency. However, this may restrict the overall system throughput and flexibility of resource utilization. 

In Rel-11, inter-band carrier aggregation with different UL-DL configuration has been considered for better system throughput and uplink coverage as well as compatibility to legacy system. More flexibility could be achieved by configuring different UL-DL configurations on different CCs, which is not supported in Rel-10. However, there are still the following issues need further assessment.
2.1 Support cross-carrier scheduling for aggregated TDD cells with different UL-DL configurations?

For Rel-10 carrier aggregation, cross-carrier scheduling is supported with agreements as follows:

· Only intra-band CA is supported for Rel-10 TDD mode.

· The same TDD UL-DL configurations are adopted for all aggregated carriers within a band.

From the above agreement, because of the same UL-DL configuration for different CCs, cross-carrier scheduling can be easily implemented with simple HARQ and scheduling timing aligned with PCell. 
In Rel-11, based on the assumption that simultaneous transmission and reception is not supported, if the UL-DL configuration of a SCell is different from that of the PCell, the HARQ timing of the SCell should be considered. Therefore, it needs to consider whether to support cross-carrier scheduling for aggregated TDD cells with different UL-DL configurations or not. 
—— Option 1: Cross-carrier scheduling not supported for TDD cells with different UL-DL configurations
That means, cross-carrier scheduling in Rel-10 intra-band aggregation can be only extended to use for aggregated TDD cells, including intra-band and inter-band, which have the same UL-DL configuration. 
· Pros: 
· Rel-10 physical control signal mechanism could be reused
· No need to change HARQ and scheduling timing
· Good backward compatibility to Rel-10
· Small influence on the current specification
· Cons: 
· Not suitable for TDD cells with different UL-DL configurations
· Possible performance degradation
—— Option 2: Cross-carrier scheduling supported for any TDD cells without restriction

Here, cross-carrier scheduling is used for any aggregated TDD cells, no matter have the same or different UL-DL configurations, i.e. without any restriction. 
In this option, since the transmission directions in a subfame on different cells may conflict for different UL-DL configurations, cross-carrier scheduling may require modifications of HARQ timing and UL&DL scheduling timing, and technical details are still FFS. 
If there is at least one carrier with good channel quality in each band, this carrier can be used for power control and as a reference carrier for TA. In this case, necessity is not strong to support cross-carrier scheduling for inter-band aggregation with different UL-DL configurations.
· Pros: 
· Mitigate the control channel interference in Het-Net scenarios
· Applicability in most of the scenes in Rel-11

· Good scalability to any aggregated cells
· Cons: 
· Need modifications of existing HARQ and UL&DL scheduling timing
· Possible degradation of resource utilization due to scheduling blocking
· Necessity is not strong for some cases
· Much influence on current specification
From the above analysis, although option 2 needs the modifications of existing HARQ and UL&DL scheduling timing and technical details are still FFS, for its good applicability and scalability, it is preferred to further consider support of cross-carrier scheduling for aggregated TDD cells with different UL-DL configurations in Rel-11. 

Proposal 1: Support of cross-carrier scheduling for aggregated TDD cells with different UL-DL configurations could be further considered in Rel-11, and technical details are still FFS.
2.2 How many bands are supported?

In Rel-10, intra-band aggregation between carriers with the same UL-DL configuration is supported. For a Rel-11 UE, to keep co-existence with legacy system as well as maintain system throughput, inter-band aggregation between carriers with different UL-DL configurations in different bands is also considered to support. 
As for the number of aggregated bands supported in Rel-11, it probably depends on the capability of receiver, the requirements of maximum peak rate and maximum system UL&DL throughput, etc. Under normal circumstances, the inter-band carrier aggregation between two bands is usually a high probability event that meet general demands. For example, TDD configuration 1 is used on 2.6GHz to have balanced DL:UL ratio, and another cell on 2.0GHz can be aggregated with TDD configuration 2 to keep co-existence with neighbouring TD-SCDMA system. If the number of inter-band aggregated bands are more than two, technical details may be more complex and uncertain. 
Due to the limited WI timeline of Rel-11, if the above capability and requirements are not significantly affected, it is preferred to limit the number of inter-band aggregated bands to two for simiplity and reality.
Proposal 2: It is preferred to restrict inter-band carrier aggregation with different UL-DL configurations to at most two bands in Rel-11.

2.3 Are there any restrictions on which combinations of UL-DL configurations can be aggregated?
In RAN1 #66, RAN1 sent LS[2] to ask RAN4 to evaluate UE implications for support of simultaneous transmission/reception on different bands. If simutaneous transmission and reception are not supported, there must be restricitons on combinations of different UL-DL configurations for the following reasons. 
Firstly, to keep co-existence with legacy TD-SCDMA system, which usually adopts typical configurations of 4:2 and 3:3, some TDD UL-DL configurations must be restricted to use due to incompatibility.
Secondly, if one TDD UL-DL configuration on a band is chosen for the compatibility to legacy system, it should select a specific UL-DL configuration on another band to maintain the required system throughput and/or expand uplink coverage. Consequently, all the TDD UL-DL configurations cannot be arbitrarily combined.

Next, if TDD UL-DL configurations between two aggregated bands differ too much, it may lead to the  scheduling blocking problem, which decreases the resource utilization. 
Finally, if only two carriers and restriction on combinations of UL-DL configurations are clear down, it will be beneficial to reduce the influence on specification and implementation as well as the workload in each work group. 
Proposal 3: It should restrict the combinations of TDD UL-DL configurations for inter-band carrier aggregation in Rel-11.

2.4 PUCCH on SCell?
For considering whether PUCCH on SCell is supported, that is equivalent to answer the following questions, i.e., 
· Is PUCCH still transmitted on only 1 CC?

· Is PUCCH always on the PCell?

In Rel-10 CA，periodic CSI reporting on PUCCH, there will be at most one periodic CSI report for a downlink carrier in a subframe based on the prioritization rule. In order to solve the possibility of multiple periodic CSI feedback collision and frequent CSI dropping issue, there are many ways proposed to support multiple CSI feedbacks in one subframe to improve uplink resource utilization and maintain DL throughput. As one of them, multiple PUCCHs scheme could be a way to report multiple periodic CSI feedbacks, and a detailed analysis is given in contribution[3]. 

Observation 1:  PUCCH is not necessary to be still transmitted on only 1 CC in Rel-11. 
In contribution[4], the introduction of PUCCH on SCell can enable the network to acquire HARQ feedback much earlier, and furthermore reduce the possibility of UCI conflict to a great extent by load sharing, and so the dropping rate of UCI is decreased.
In contribution[5], Sharp proposed to introduce a new concept of special SCell in Rel-11. The special SCell is configured with PUCCH and has the functionality of timing reference in a TA Group. This is a feasible direction for the PUCCH configuration on SCell, the configured periodic PUCCH transmission can help UE maintain UL timing and reduce the possibility of RA initiation.
In addition, with the introduction of CoMP and distributed antennas in Rel-11, more periodic CSI feedbacks for uplink transmission would be required. It seems that only feedbacks on PCell is not enough, and thus the consideration of PUCCH on SCell would be a way for enhancement. 

Moreover, for full-duplex UE case, i.e. supporting simutanous transmission and reception, when cross-carrier scheduling is not adopted for inter-band carrier aggregation, one PUCCH on each band seems to be an simply equivalent extension of Rel-10 UE operation on each band. In this case, PUCCH transmission on SCell is supported for inter-band carrier aggregation.
In subsection 2.2, under normal circumstances, the inter-band carrier aggregation over two bands is usually a high probability event that meet general demands. In consideration of UE’s implementation complexity and backward compatibiltiy, PUCCH on PCell and one SCell on two bands are recommended and sufficient to satisfy common requirements. 
· Pros: 
· Shorten the HARQ timing and reduce the dropping rate of UCI
· Help UE maintain its UL timing for the SCell TA group 

· Suitable to both CA and CoMP transmission senarios

· Used for full-duplex UE with no cross-carrier scheduling
· Cons: 
· Technical details need further consideration
· Possible CM problem needs RAN4’s assesment
· Specification Modification
Proposal 4: PUCCH on PCell and one SCell on two bands are recommended, and technical details need further consideration. 
Proposal 5: It is preferred to ask RAN4 to firstly evaluate the CM feature introduced by multiple PUCCHs. 
2.5 Is PHICH transmitted on the cell carrying the UL grant?
In Rel-11, if cross-carrier scheduling for aggregated TDD cells is supported, there are two separate considerations for such a PHICH transmission question, according to whether to support group scheduling. Here, group scheduling means one PDCCH with UL grant is able to schedule one group of multiple UL CCs for uplink transmission in the same time. 

—— Option 1: Not support group scheduling

In this option, one PDCCH with UL grant can only schedule an UL CC for uplink transmission, and corresponding HARQ-ACK will be sent via PHICH channel on the cell carrying the UL grant. 
—— Option 2: Support group scheduling

Since one PDCCH with UL grant is able to schedule one group of multiple UL CCs for uplink transmission at the same time, it requires multiple PHICH channels to feedback corresponding HARQ-ACKs, which may result in PHICH conflict.  In this case, PHICH is not necessarily transmitted on the cell carrying the UL grant, and its allocation needs further consideration in PHICH enhancement. For instance, the number of PHICH sequence could be increased to solve such problem. 
Proposal 6: Whether PHICH is transmitted on the cell carrying the UL grant depends on the circumstances that group scheduling is supported in Rel-11.  
2.6 Same HARQ and scheduling timing rules as in Rel-10?
In Rel-10, HARQ and UL-DL scheduling timing rules were introduced in the case of cross-carrier scheduling with same UL-DL configuration for different CCs. 

In Rel-11, if simultaneous transmission and reception is not supported and cross-carrier scheduling for aggregated TDD cells with different UL-DL configurations is considered, existing HARQ and UL&DL scheduling timing rules are no longer suitable, and thus it is preferred to modify these rules for better performance.
Proposal 7: HARQ and UL&DL scheduling timing rules should be redesigned for Rel-11.  
3. Conclusion
This contribution considers the relevant open issues for inter-band carrier aggregation to RAN1, and give our analysis with the pros and cons, and proposes the following observations and suggestions: 
Observation 1:  PUCCH is not necessary to be still transmitted on only 1 CC in Rel-11. 

Proposal 1: Support of cross-carrier scheduling for aggregated TDD cells with different UL-DL configurations could be further considered in Rel-11, and technical details are still FFS.

Proposal 2: It is preferred to restrict inter-band carrier aggregation with different UL-DL configurations to at most two bands in Rel-11.

Proposal 3: It should restrict the combinations of TDD UL-DL configurations for inter-band carrier aggregation in Rel-11.

Proposal 4: PUCCH on PCell and one SCell on two bands are recommended, and technical details need further consideration. 
Proposal 5: It is preferred to ask RAN4 to firstly evaluate the CM feature introduced by multiple PUCCHs. 
Proposal 6: Whether PHICH is transmitted on the cell carrying the UL grant depends on the support of group scheduling in Rel-11.  
Proposal 7: HARQ and UL&DL scheduling timing rules should be redesigned for Rel-11.  
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