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Discussion and decision
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 RAN1#66bis meeting, the following agreement was reached:

· Support the inter-band CA of TDD Carriers with different configurations in Rel-11.

And also identify the benefits of supporting inter-band CA of different TDD configuration

· Legacy system co-existence

· Hetnet support, aggregation of traffic-dependent carriers

· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

· Higher peak rate

After RAN1#66bis meeting, following open questions and issues are under email discussion in email reflector. 
1. Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?

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

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

4. Is PUCCH still transmitted on only 1 CC?

5. Is PUCCH always on the PCell?

6. Is PHICH transmitted on the cell carrying the UL grant?

7. Same HARQ timing rules as in Rel-10?

8. Same scheduling timing as in Rel-10?
9. High-level requirement
In this paper, we analyse each question and show our views on these questions.
2
Discussions
2.1 


Cross-carrier Scheduling Support
In Rel-10, cross-carrier scheduling is used for some scenarios e.g. PDCCH load balancing, CA-based eICIC in HetNet scenario, and also PDCCH-less carrier that is likely to be supported in the future. Cross-carrier scheduling is also necessary for CC specific TDD configuration for these scenarios as we discussed in [2].
Proposal 1: Cross-carrier scheduling should be supported for CC specific TDD configuration if corresponding scenarios needs to be supported.
2.2 


Supported Bands’ Number
If CC specific TDD configuration is supported, different TDD configuration could be aggregated for TDD UEs on different frequency bands with enough band separation between each other. From the use cases analysed in [3], co-existence requirement, Hetnet scenario and eMBMS usage, we don’t see the necessity to aggregate carriers with more than two different TDD configurations, unless we want to have the combination scenario supported, e.g. combination of use case 1 and 2, that one CC is for macro coverage, one CC is for co-existence with legacy TDD system, and one CC is for femto cell to enhance DL throughput. This seems the corner case. Thus, we do not need to support more than two different TDD configurations.

Proposal 2: No support more than two different TDD configurations.
2.3 


Combination Restriction on TDD configuration
In RAN1#66, some companies proposed to consider some restrictions on the number of TDD configuration combinations in order to limit the specification work, especially for the problems associated with scheduling or HARQ timing design [4]
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[5]. Restriction of the combinations will limit the identified benefits of CC specific TDD configuration. At least, combination-dependent solutions should be avoided to ease the complexity and specification work. 
Proposal 3: No need to restrict combination number of TDD configuration or at least not introduce combination dependent solutions.
2.4 


PUCCH Issues
In Rel-10, PUCCH transmission is restricted to only one cell. This is to avoid high PAPR of multiple PUCCHs since only intra-band CA is supported in Rel-10. In Rel-11 TDD, there could be multiple RF chains for inter-band UL CA, which could make it possible to send multiple PUCCHs without high PAPR. However there are no multiple PUCCHs for FDD although the UL inter-band CA is under discussion. Besides, we do not see multiple PUCCHs will decrease the solution complexity and have the following proposal:
Proposal 4: PUCCH is only transmitted on one cell at one time.

In Rel-10, PUCCH is also restricted to Pcell only, since Pcell do not have the (de)activation and is the most stable cell. We think this is still valid for for Rel-11 TDD we should also keep this principle as much as possible. As a result of this and the wish to not introduce a new HARQ timing introduced, there will be cases when the PUCCH is missing and a simple and straight forward solution would be to transmit PUCCH on Scell. To keep the principle of Rel-10, the PUCCH can be conditionally extended to Scell. One example of such conditional extension is that the PUCCH is extended only to the Scell in case the Pcell is in DL while the Scell is in UL and when simultaneous Tx and Rx is allowed. As long as Pcell is in UL, all PUCCH should be transmitted on Pcell as in Rel-10. This keeps the spirit of Rel-10 of only transmitting PUCCH in one cell at a time and the solution’s complexity is low since we do not need to change the HARQ timing.
Proposal 5:  PUCCH could conditionally be extended to Scell.

2.5 


PHICH Issues
In [6], it was indicated that for the PHICH timing design in LTE Rel-10, the subframe where PHICH/PDCCH is transmitted was aligned with the subframe where initial PDCCH was transmitted due to the use of synchronous HARQ in UL. In Rel-11 for CC specific TDD configuration, we do not see any reason that PHICH need to be transmit on the different cell of UL grant and prefer sticking with the design chosen in Rel-11.
Proposal 6: PHICH will be transmitted on the cell carrying the UL grant.

2.6 


HARQ Timing Issues
If HARQ timing needs to be changed, a large workload is expected especially for defining the HARQ timing for all the TDD configuration combinations. Hence we prefer not to modify the HARQ timing unless absolutely necessary.
Proposal 7: Keep the same HARQ timing rule as in Rel-10.
If new HARQ timing or different HARQ timing is introduced for a given TDD configuration combination, there will be different scheduling timing for UEs that support CC specific TDD configuration and legacy TDD UEs. This kind of different scheduling timing may decrease the scheduling gain and complicate the scheduler design at eNB side and we do not see a strong motivation to introduce such. 
Proposal 8: Keep the same scheduling timing as in Rel-10.
2.7 


High-level Requirement
Full duplex mode will enable more resources being available for a specific TDD UE, and thus can fully achieve the benefits identified in the last RAN1 meeting, as we analysed and discussed in [7]. Hence, it is beneficial to support full duplex mode. Furthermore, there exist some specific HARQ issues for half duplex mode as indicated in [8]. RAN1 is suggested to further study and evaluate these specific HARQ issues for half duplex mode.
Proposal 9: Full duplex mode should be supported. RAN1 is suggested to have further study and evaluation for half duplex mode.

3
Conclusions
In this paper, we analysis each question that listed in last RAN1 meeting minutes, and given our view on these questions. Based on the discussion, we have the following proposals:
Proposal 1: Cross-carrier scheduling should be supported for CC specific TDD configuration if the corresponding scenarios are to be supported.
Proposal 2: No support for more than two bands.
Proposal 3: No need to restrict the number of TDD configurations as long as no new HARQ timing is introduced.
Proposal 4: PUCCH is only transmitted on one cell.

Proposal 5: PUCCH can conditionally be extended to Scell.

Proposal 6: PHICH will be transmitted on the cell carrying the UL grant.

Proposal 7: Keep the same HARQ timing rules as in Rel-10.

Proposal 8: Keep the same scheduling timing as in Rel-10.

Proposal 9: Full duplex mode should be supported. RAN1 is suggested to have further study and evaluation for half duplex mode.
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