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1 Introduction

In this contribution, we discuss support for different TDD configurations in the inter-band CA scenario. First we capture recent RAN1 and RAN4 agreements, and then discuss on RAN2 impact of supporting this scenario. The main focus is on adapting current DRX mechanism to support different TDD configurations over aggregated cells.   

2 Discussion
2.1 Background
In RAN1#66bis meeting, RAN1 has agreed to support different TDD configurations for inter-band carrier aggregation. The main principles and working assumptions for this scenario agreed in RAN1#66bis, RAN1#67 and RAN1#68 meetings are: 

· The UE is informed about the actual UL/DL configuration of each cell. 
· The HARQ timing is defined based on existing timing tables as far as possible.

· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.
· The PDSCH HARQ timing on SCell shall follow the PCell configuration if the set of DL subframes indicated by the SCell TDD configuration is a subset of the DL subframes indicated by the PCell TDD configuration.

· The PUSCH HARQ/scheduling timing on SCell shall 
· follow the timing of SCell’s TDD configuration in case of self scheduling;
· follow the scheduling cell configuration in case of cross carrier scheduling if the set of UL subframes indicated by the scheduled cell configuration is a subset of the UL subframes indicated by the scheduling cell configuration and if the PUSCH RTT of the scheduling cell configuration is 10 ms.
· FFS other cases.
· Cross-carrier scheduling for the UE with different UL-DL configurations between aggregated TDD cells is supported for the following cases:
· For the case of DL, PDCCH on a serving cell c can schedule PDSCH on other serving cell(s) in the same subframe. 
· Uplink cross-carrier scheduling is supported for at least the case where the set of UL subframes indicated by the scheduled cell configuration is a subset of the UL subframes indicated by the scheduling cell configuration and if the PUSCH RTT of the scheduling cell configuration is 10ms.
· FFS support of other type of cross-carrier scheduling in Rel-11
· PHICH is transmitted on the cell carrying the UL grant. PUCCH transmission is on PCell only. 

· RAN1 solution should support both full-duplex and half-duplex.
· Strive for a common solution for both full-duplex and half-duplex

RAN1 requested in LS [2] from RAN4 which band combinations could be supported for the TDD CA with different TDD configuration. It was also asked if simultaneous transmission and reception could be assumed in the TDD UE. In the reply [3], it was stated that RAN4 has not any position for band combinations yet since there is not any WI for TDD inter-band carrier aggregation. Support of simultaneous transmission/reception should be evaluated per band combination basis.

The main reasons to support different TDD configurations in CA according to [1] are 1) improved legacy system co-existence, 2) improved support for Hetnets and aggregation of traffic-dependent carriers and 3) improved coverage and peak rates.

2.2 RAN2 impact of different TDD configurations
Currently, RAN2 impact of TDD in general is limited. Thus it is expected that RAN2 impact to support different TDD configurations in an inter-band CA is also limited. The main issues are listed next.
Configuration aspects: Currently, the TDD configuration of the PCell is obtained from system information of the PCell. As the UE does not monitor system information of SCells, TDD configuration of SCells can be obtained with dedicated RRC signalling. Existing dedicated signalling already supports to signal different UL/DL configurations SCells. HARQ feedback timing does not necessarily need a new RRC configuration since it can be derived from TDD configurations of the PCell and SCells.
Full-duplex/half-duplex operation in TDD: Currently, TDD UEs operate in half-duplex mode. However, when TDD configurations are different between carriers, UL and DL subframes may occur concurrently.  It can be expected that not all TDD UEs support simultaneous UL transmission and DL reception, i.e., full duplex operation. Currently, impact of FDD half-duplex operation is limited in RAN2 specifications. This mode is considered only in monitoring of PDCCH in DRX mechanism of TS 36.321. Thus we also expect that RAN2 impact of these two modes in TDD are limited and existing half-duplex operation for FDD can be reused if RAN1/RAN4 decides to support both modes. 
DRX procedures in 36.321: Currently DRX timers are specified in terms of PDCCH subframes. When UL and DL subframes overlap, it is not clear how to handle these timers. This issue is discussed more detail in the next subsection.
RA access procedure: Cross-carrier scheduling might have impact on 36.321 as regard to which cell to monitor RAR. However, we do not see that different TDD configurations would change the situation.
2.3 DRX impact
DRX has been discussed at least in RAN2 contributions [4] and [5]. In [4], it is proposed that when running DRX timers, a subframe that is PDCCH subframe in any aggregated carrier, i.e, union over PDCCH subframes over all aggregated cells, is counted as a PDCCH subframe. On the other hand, in [5] it is proposed that when running DRX timers, only a subframe that is consistently PDCCH subframe in all aggregated cells, i.e., intersection over all PDCCH subframes, is taken into account. However, even the subframe is not considered as a PDCCH subframe for DRX timers, it might be part of DRX Active time.
We consider that taking union over all PDCCH subframes is a good baseline approach, since the number of scheduling opportunities for the UE remains constant over time. Thus also UE battery consumption is optimized. In this approach, DRX Active time, i.e., the time when UE should monitor PDCCH, is not totally decoupled from “PDCCH subframe” definition used for DRX timers. However, some issues need further consideration in the union approach.
In Rel-10, PDCCH subframes in DRX timers are not related at all to activation status of SCells. This is natural since when TDD configurations are same over all cells, any subframe that is PDCCH subframe in a SCell is always activated PDCCH subframe in the PCell.  However, in Rel-11, it can be that the PCell has UL phase whereas as all SCells are deactivated. If the DRX timers are counted over deactivated SCells, scheduling opportunities are limited. 
Consider the following example: The UE is configured with one PCell and some SCells semi-statistically. However, because traffic rate from/to the UE is low, Scells are deactivated to save both cell resources and UE batteries. Now the eNB wants to schedule the UE in the Pcell. If activation/deactivation status of Scells is not considered, the scheduling time is limited because it might be that during OnDurationTimer/drx-InactivityTimer there are only few (or even zero) PDCCH subframes in the Pcell.  

In the example of Figure 1, the OnDuration is 3 ms, PCell has TDD Configuration 0 and SCell TDD Configuration 2.  In normal FDD/TDD operation there would be 3 subframes time to schedule the UE. In a scenario with different TDD configurations, there would be only one scheduling opportunity if deactivated SCells are considered. Naturally, this issue could be compensated by longer timer configurations but since the scenario changes dynamically, longer timer values come with cost of battery consumption. In addition, applying different timer values for different TDD carrier combinations is a bit complex approach. Thus it is preferable to count only activated SCells. It should be also noted that exact activation time is better known than the time when RRC configuration is applied.
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Figure 1. Running of OnDurationTimer in TDD scenario over DL, UL and Special Subframes.
Furthermore, similar to activation status of SCells, in Rel-10 it is not taken into account if the cell is scheduling cell or not because PCell is anyway activated. However, because only scheduling cell can carry PDCCH for the SCell, it is natural to consider only scheduling cells when PDCCH subframes are considered. 
Taking these two aspects into account, we evaluate all DRX timers of 36.321 separately:
· onDurationTimer, drx-InactivityTimer are UE specific timers, specified in terms of PDCCH-subframes in Rel-10. In Rel-11, it is natural to consider union of PDCCH subframes of all activated scheduling cells when counting the length of the timer.
· drx-RetransmissionTimer is a HARQ process specific timer, specified in terms of PDCCH-subframes in Rel-10. In Rel-11, when running the timer, PDCCH-subframes only of the scheduling cell in which the corresponding HARQ retransmission is performed, should be taken into account. Otherwise scheduling opportunities for HARQ retransmissions are limited.  
· HARQ RTT timer is a HARQ process specific timer is specified in terms of subframes in Rel-10.  In TDD, the length of the timer depends on the TDD configuration as well as HARQ process used. Similarly, in Rel-11, the value of HARQ RTT Timer should be determined based on HARQ timing to be specified by RAN1 and is thus FFS.

· mac-ContentionResolutionTimer is specified in subframes. In Rel-10, there is only one mac-contentionResolutionTimer, There is no need to have multiple mac-ContentionResolutionTimers in Rel-11 either because only one RA process is supported at the time. 
Proposal 1 onDurationTimer and drx-InactivityTimer are calculated in terms of PDCCH subframes, where PDCCH-subframe can be any PDCCH-subframe over activated scheduling cells of the aggregated cells (UNION operation). 
Proposal 2 For drx-RetransmissionTimer, PDCCH-subframes only of the scheduling cell in which the corresponding HARQ retransmission is performed, are taken into account.  
In Rel-10, when the UE is in DRX Active state, it should monitor PDCCH of all activated cells. This applies also for mac-ContentionResolutionTimer, even if contention based RA can occur only in the PCell.   Similar principles can be applied to Rel-11 DRX. 
Proposal 3 When the UE is in DRX active state, it should monitor PDCCH of all activated scheduling cells similar to Rel-10. 

It should be noted that the UE should monitor HARQ feedback on PHICH according Section 5.7 of 36.321. However, this time is not considered to be the part of DRX Active time. According to RAN1 decisions, PHICH can occur only in the cell where the grant for issued.  Thus also the UE needs to monitor only that cell for the HARQ feedback. However, the scenario where this subframe is not part of DRX Active Time, exists only for TDD Configurations 0 and 6, where PHICH timing is different from PDCCH timing carrying adaptive retransmission grants. 

If the UE supports only half-duplex operation, a PDCCH grant/assignment cannot be carried in a subframe that is used for UL transmission in another sCell. As discussed in [5], it might be too complex to adapt DRX timers based on dynamic changes in UL scheduling. That was one reason why taking intersection when defining PDCCH subframes was considered the best approach in [5]. However, we see that intersection approach has some limitations: 

· Taking intersection of DL subframes can lead to bad UE battery consumption especially in full-duplex scenario, since the UE need to be active over long times and monitor PDCCH even the subframe is not considered as a “PDCCH subframe” when running DRX timers.

· Because DRX timers can expire only in consistent PDCCH subframes, the active time over many UEs may be correlated leading to high load on consistent subframes.
In the union approach, it is possible to configure DRX timers to such values that there is no risk that active time would end before there is opportunity to schedule the UE.
3 Conclusion
In this contribution, we have discussed RAN2 impacts of supporting different TDD configurations in inter-band CA scenario. The main impact of such change is on DRX operation. Based on analysis, we have made the following proposals:

Proposal 4 onDurationTimer and drx-InactivityTimer are calculated in terms of PDCCH subframes, where PDCCH-subframe can be any PDCCH-subframe over activated scheduling cells of the aggregated cells (UNION operation).
Proposal 5 For drx-RetransmissionTimer, PDCCH-subframes only of the scheduling cell in which the corresponding HARQ retransmission is performed, are taken into account.
Proposal 6 When the UE is in DRX active state, it should monitor PDCCH of all activated scheduling cells similar to Rel-10.
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