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1. Introduction
In the previous RAN1#66 meeting, different TDD configuration on inter-band CA in Rel-11 was discussed. As results from the discussion in RAN1#66, the following questions were made;

[image: image1]
In this contribution, we provide our views based on above questions considering simultaneous transmission and reception for inter-band CA with different TDD configuration.
2. Discussion
2.1. DL HARQ timing

In Rel-10, since same TDD configuration should be configured, there are no timing related issues for DL/UL grant and HARQ in LTE TDD. However, in Rel-11, we are discussing to introduce the different TDD configuration among aggregated CCs on inter-band. By introducing it, the modified HARQ timing can be considered in Rel-11. For DL HARQ 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, respectively. The following example is the main problem case for DL HARQ on different TDD configuration
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Figure 1: Option 1 (PUCCH transmission switching method according to current DL HARQ timing on each CC)

A. 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 if Rel-10 DL HARQ timing is maintained. To solve above miss-matched timing problem, following options can be considered as alternatives.
i. Option 1. PUCCH transmission among aggregated CCs on inter-band can be switched according to current DL HARQ timing on each CC. 
According to PUCCH transmission switching on certain subframes, it can maintain the current Rel-10 DL HARQ timing without any modification. For example, if DL scheduling are scheduled in subframe #4 and #9 on CC2, PUCCH transmission can be occurred in corresponding UL subframe #3 and #7 on CC2 even if CC2 is configured as SCell in figure 1. In some scenarios, if the DL HARQ timing is collided on between several SCells, one PUCCH transmission on corresponding subframe can be employed on one SCell with lowest SCell index. 
ii. Option 2. As TDD configuration on PCell, DL HARQ timing on PCell can be applied for all aggregated CCs. 
The option 2 will cause the modifications of current DL HARQ timing. In this case, the DL HARQ timing could be modified based on criterion of DL and UL switching periodicity on PCell. It may have some problems which can cause the backward compatible issue and huge standard works for modification.
iii. Option 3. All UL subframe positions on SCell should be located in subset of that of PCell. In other words, when TDD configuration on PCell is configured, the possible sets of TDD configuration on SCell are automatically decided.
For example, if TDD configuration #4 is configured for PCell, the possible TDD configuration sets on SCells would be TDD configuration #5 for inter-band CA with different TDD configuration. In option 3, there would be therefore very tight restrictions to decide the UL-DL configuration of PCell. 
Proposal 1: the option 1 can be considered to support the DL HARQ timing without any timing related modification for different TDD configuration in Rel-11.
Proposal 2: the PUCCH transmission on SCell should be supported for DL HARQ timing issue on different TDD configuration in Rel-11.
2.2. Scheduling

For cross-carrier scheduling in Rel-10, it is introduced for 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 possible to schedule the DL/UL grants of other serving cell on scheduling cell configured by eNB. However, when considering the different TDD configuration in Rel-11 CA, cross-carrier scheduling would cause some problems which are related to scheduling timing in LTE TDD [1]. The following options can be discussed for the proper scheduling decision when the cross-carrier scheduling is configured.
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Figure 2: Scenario of scheduling problem on PCell in case of cross-carrier scheduling 
A. 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.
i. 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.
ii. 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 break the motivation and benefits of different TDD configuration.
iii. 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 UL grant method on current TDD configuration #0. 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.
iv. Option 4. the PCell is always configured with more the number of UL subframe than than SCell
By configuring TDD configuration with more UL subframe than SCell for PCell, it may avoid the scheduling timing related issue for different TDD configuration. On the other hand, it will have some restrictions to configure the TDD configuration on both PCell and SCell. In addition, the cross-carrier scheduling can be optionally enabled in case of only deployment as option 4.
Proposal 3: the option 3 can be considered as solution for scheduling timing issue if cross-carrier scheduling should be supported for different TDD configuration on inter-band CA of Rel-11. Otherwise, the one of other options can be treated for future study on this issue.
2.3. PHICH timing
When the cross-carrier scheduling is used for different TDD configuration, the current PHICH timing in Rel-10 is also affected. In Rel-10, the PHICH timing and UL grant by PDCCH are based on synchronous HARQ operation in uplink and therefore, the scheduling timing as seen section 2.2 is quite tied to PHICH timing to maintain the synchronous HARQ operation [2]. Therefore, the further discussions of PHICH timing would be much better to be based on the obtained results after scheduling timing discussion (i.e. UL grant timing). Once, to maintain the current PHICH timing in Rel-10 is recommended for future discussion as baseline, because the modification of PHICH timing will cause the complicated standard works in RAN1 side and backward compatible issues.
Proposal 4: the PHICH timing related issues are recommended to be treated after discussion of scheduling timing for easy standard work.
2.4. Restriction of the number of bands and TDD configurations

Now, there are several timing related issues to be treated for different TDD configuration on inter-band CA. some timing related issues can be tied to each other (e.g. scheduling and PHICH timing). Accordingly, it could be better to restrict the combinations between the number of bands and TDD configuration due to RAN work load and simple modification on specification. For the number of bands, two CCs on inter-bands can be assumed as good starting point of discussion for introduction of different TDD configuration. Therefore, it is desirable to allow only some combinations for example two CCs on inter-bands and some TDD configuration.
Proposal 5: the restriction on combination between the number of bands and TDD configuration should be supported. The details are FFS.
3. 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: the option 1 can be considered to support the DL HARQ timing without any timing related modification for different TDD configuration in Rel-11.
Proposal 2: the PUCCH transmission on SCell should be supported for DL HARQ timing issue on different TDD configuration in Rel-11.
Proposal 3: the option 3 can be considered as solution for scheduling timing issue if cross-carrier scheduling should be supported for different TDD configuration on inter-band CA of Rel-11. Otherwise, the one of other options can be treated for future study on this issue.
Proposal 4: the PHICH timing related issues are recommended to be treated after discussion of scheduling timing for easy standard work.
Proposal 5: the restriction on combination between the number of bands and TDD configuration should be supported. The details on restricted combinations are FFS.
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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?














