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1. Introduction
In the previous RAN1#66bis meeting, we have confirmed the benefits and motivation on inter-band CA with different TDD UL-DL configuration (e.g. legacy system co-existence, traffic adaptation for HetNet, flexible configuration for coverage extension and higher peak rate). Additionally, support of inter-band CA TDD with different TDD configurations in Rel-11 was agreed as below.
· Support the inter-band CA of TDD carriers with different configurations in Rel-11.
As following box, we also have shared the company views on questions raised in RAN1#66 [1]-[9]. However, we did not have any conclusion on this specification impact for inter-band CA TDD with different TDD configuration and further discussion was treated on email for this issue. 

[image: image1]
In this contribution, we therefore provide our views based on above questions considering simultaneous transmission and reception for inter-band CA with different TDD configuration.
2. PUCCH transmission
For PUCCH transmission timing in Rel-11, one major discussion point on DL HARQ timing is whether Rel-10 DL HARQ timing and PUCCH transmission only on PCell can be maintained even for inter-band CA with different TDD configuration. The following options can be selected for one solution for DL HARQ timing on inter-band CA with different TDD configuration.
As seen figure 1, there are two aggregated CCs on inter-bands which are configured by TDD configuration #2 for CC#1 (additionally, PCell is assumed by CC#1) and TDD configuration#1 for CC#2. The following figure 1 shows the problem case on PUCCH transmission timing for different TDD configuration due to no UL subframe on PCell in conflicting subframes.
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Figure 1: Problem of PUCCH transmission timing for different TDD configuration 
The DL scheduling can not be allocated in subframe #4 and #9 on CC2 because there are no associated UL subframes on CC1 configured as PCell for PUCCH transmission associated with PDSCH transmission if Rel-10 DL HARQ timing is maintained. To solve above miss-matched timing problem, following options can be considered as alternatives.
A. Option 1. PUCCH transmission among aggregated CCs on inter-band can be switched according to current DL HARQ timing on each CC. (i.e. PUCCH transmission is allowed on SCell.)
According to PUCCH transmission switching on conflicting subframes, it can maintain the current Rel-10 PUCCH transmission timing without any modification. For example, if DL scheduling are scheduled in subframe #4 and #9 on CC2, PUCCH transmission can occur in corresponding UL subframe #3 and #7 on CC2 even if CC2 is configured as SCell in figure 1. It would have therefore less standard impact by just allowing the PUCCH transmission on SCell and additional opportunity of PUCCH transmission for other purposes such as CSI reporting can be obtained to handle the multiple CSI reporting for inter-band CA in TDD. However, it will always require the UL CA capability to UE and therefore, UEs only supported with single UL CC would have some troubles to utilize this option [2]. 

B. Option 2. Based on PUCCH transmission timing for PCell, PUCCH transmission timing for SCells can be modified. (i.e. new PUCCH timing for SCell)
The option 2 will cause the modifications of current Rel-10 PUCCH transmission timing if we assume that only one PUCCH transmission on PCell in a UL subframe is maintained even for Rel-11 same as Rel-10 principle. In option 2, while PUCCH transmission timing on PCell is maintained as Rel-10 timing, that of SCell could be modified based on PUCCH transmission timing of PCell and subframe n+ 4 principle (e.g. PUCCH A/N information corresponding to PDSCH in subframe n on SCell is transmitted in available UL subframe on PCell after subframe n+4). Also, compared to option 1, one benefit of option 2 is that it does not require the UL CA capability for all UEs configured inter-band CA in TDD because PUCCH transmission on PCell is just enough to solve the PUCCH timing problem which is caused by different TDD UL-DL configuration. However, it will also require the additional standard work for introduction of new PUCCH transmission timing in Rel-11 TDD. 
C. Option 3. Multiple PUCCH transmission can be allowed based on multiple anchor groups [4].
In option 3, multiple PUCCH transmission is allowed by multiple anchor groups which are similar to TA group approach. The Option 3 has the similar design principle as option 1 because both options allow the PUCCH transmission on SCell and require less specification effort. However, the option 3 may allow multiple PUCCH transmissions in a subframe among aggregated CCs while the option 1 support only one PUCCH transmission among aggregated CCs in a subframe. And, the option 3 has several restrictions on using cross-carrier scheduling, activation/deactivation for SCell and only supporting for UL-CA UEs. Moreover, the additional issues related RF side may occur in RAN 4 such as CM issue, power control and so on.
Proposal 1: Option 2 can be basically considered for different TDD UL-DL configuration with following assumptions. 
· Same PUCCH timing as Rel-10

· Only one PUCCH transmission on only one CC

· PUCCH transmission is only possible on PCell

Additionally, whether option 1 and 3 can be considered is FFS for UL CA capable UEs.
3. Scheduling

For cross-carrier scheduling in Rel-10, it is introduced for PDCCH load balancing and inter-cell interference coordination in HetNet, which is the most efficient scheme based on FDM manner among considering handling schemes to avoid the interference from other serving cells. It can be also used for handling other cases considering the property of cross carrier scheduling (e.g. for half duplex UE [2]). However, if it is agreed to be used for the different TDD configuration in Rel-11 CA, cross-carrier scheduling without modification of current scheduling timing will cause some problems. The following options can be therefore discussed for the proper scheduling decision when the cross-carrier scheduling is configured on inter-band CA in TDD.
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Figure 2: Scenario of scheduling problem on PCell in case of cross-carrier scheduling 
If we see the figure 2, it is assumed that there are two configured CCs with different TDD configuration (PCell : TDD configuration#0, SCell : TDD configuration#2) on inter-bands and DL/UL grant for SCell is scheduled on PCell (i.e. cross-carrier scheduling is performed by PCell). In this case, since the number of DL subframes on PCell is less than that on SCell, there is no opportunity to schedule the PDSCHs on SCell due to absent DL subframes on PCell (i.e. subframe#3, 4, 8 and 9 on SCell). The following could be one of options for this issue.
A. Option 1. Cross-carrier scheduling is not allowed in case of different TDD configuration on inter-bands.

The option 1 does not require any modifications in standard effort point of view. However, if we consider the HetNet based CA scenario with different TDD configuration on inter-band, it could somewhat have the some PDCCH scheduling impacts when considering the interference coordination in HetNet based CA scenarios.
B. Option 2. Scheduling restriction by eNB
In option 2, it has also the less standard efforts for handling of scheduling timing similar to option 1 while option 2 cause the much resource waste by scheduling restriction. It would give the serious impact on the performance and be not matched with main motivation and benefits of CA.
C. Option 3. Cross-subframe scheduling
As seen in figure 2, for DL scheduling on the subframe #3, 4, 8 and 9 on SCell, it can be scheduled in previous DL subframes on PCell similar to scheduling method being used for current TDD configuration #0 which can schedule the two UL grant by UL index and related parameter in one DL subframe. If the combination among TDD configurations and the number of supported CCs on inter-band is appropriately restricted, the cross-subframe scheduling can be considered for this issue.
D. Option 4. Switching of scheduling cell [3]
The scheduling cell may be switched according to UL-DL configurations of the serving cells, cell priority, cell index etc. In other words, the scheduling cell may be changed on different subframes. For example, in subframe #3, 4, 8 and 9, since there is no DL subframe on PCell which is configured as cross-carrier scheduled cell, it can change the cross-carrier scheduled cell from PCell to SCell in order not to block the scheduling.
Proposal 2: Cross-carrier scheduling should be supported for different TDD configuration in Rel-11.

Proposal 3: For handling of scheduling timing in case of cross-carrier scheduling, one of above all can be considered. However, we slightly prefer the options without resource waste (e. g. option 3 or option 4) 
4. PHICH timing
When the cross-carrier scheduling is used for different TDD configuration, the current PHICH timing in Rel-10 is also affected like scheduling issue. The PHICH timing and UL grant by PDCCH are tied to each other for synchronous HARQ operation in uplink. However, in case of enabling cross-carrier scheduling, it seems that there is no clear benefit on that PHICH transmission is not followed on a cell carrying UL grant and therefore, it is preferred that PHICH transmission is maintained with current Rel-10 principle. 
Proposal 4: The PHICH timing related issues are recommended to be treated after discussion of scheduling timing for easy standard work.
5. Restriction of the number of bands and TDD configurations

For the restriction of number of bands, it seems most companies think that it is better to start the discussion with assuming two different bands considering practical deployment and easy standardization works. We also agree that it would be much better than considering more than two different bands. 
And, regarding restriction of TDD UL-DL configuration for inter-bands CA with different TDD configuration, since it is quite related with discussion on scheduling timing and HARQ timing, we think it would be better to consider it together with discussion of scheduling timing and HARQ timing. For example, if more UL subframes on PCell than SCell are always configured with specific restriction of TDD UL-DL configuration, PUCCH transmission timing issue will be easily solved due to enough PUCCH transmission opportunity on PCell. Meanwhile, if DL subframes on PCell than SCell are always configured, it is helpful to design the scheduling timing for different TDD configuration. Therefore, if we agree any TDD UL-DL configuration restriction for different TDD configuration on inter-band CA, we think it firstly need to evaluate the trade-off on the restriction of either more UL subframe on PCell or more DL subframe PCell than SCell for better design of timing issues.
Proposal 5: Two different bands are preferred for supporting different TDD configuration as starting point of discussion. 
Proposal 6: The restriction of TDD configuration can be discussed considering design principle of both scheduling timing and PUCCH transmission timing.

6. Conclusion
This contribution provides our views on above questions from previous meeting for further discussion of different TDD configuration. For conclusions, the followings are our proposals:
Proposal 1: Option 2 can be basically considered for different TDD UL-DL configuration with following assumptions. 

· Same PUCCH timing as Rel-10

· Only one PUCCH transmission on only one CC

· PUCCH transmission is only possible on PCell

Additionally, whether option 1 can be considered is FFS for UL CA capable UEs.
Proposal 2: Cross-carrier scheduling should be supported for different TDD configuration in Rel-11.

Proposal 3: For handling of scheduling timing in case of cross-carrier scheduling, one of above all can be considered. However, we slightly prefer the options without resource waste (e. g. option 3 or option 4)
Proposal 4: The PHICH timing related issues are recommended to be treated after discussion of scheduling timing for easy standard work.

Proposal 5: The two different bands are preferred for supporting different TDD configuration as starting point of discussion. 

Proposal 6: The restriction of TDD configuration can be discussed considering design principle of both scheduling timing and PUCCH transmission timing.
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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?














