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1. Introduction
RAN1 has recently made agreements on support of TDD-FDD Carrier aggregation (CA) in Rel-12 and informed other working groups about these conclusions with a liaison statement [1]. This contribution discusses the impact of those agreements on RAN2 specification. The main focus is on adapting DRX mechanism to support TDD-FDD CA in Rel-12.
2. Discussion
2.1
Background

According to RAN1 LS [1], the following two scenarios need to be supported: 
1. FDD cell as PCell

2. TDD cell as PCell

In both cases, self-scheduling and cross-carrier scheduling functionalities are supported. SCell might be cross-carrier scheduled by another serving cell. Scheduling and scheduled cells can be either TDD or FDD based. Aggregation of different UL/DL configurations for TDD carriers on different bands is also supported. In addition, for TDD-FDD CA capable UE, it is required to be capable of simultaneous reception and transmission in the aggregated cells (i.e. full-duplex operation).

In our view, RAN2 impact to support TDD-FDD CA in general is limited. In CA configuration aspect, existing signalling structure already supports a way to signal the aggregation of TDD and FDD carriers as depicted in [2]. Moreover, the current UE capability ASN.1 structure can be reused to indicate support of TDD/FDD band combination. Therefore, the main impact of TDD-FDD CA would be on DRX operation in the MAC specification including PDCCH monitoring and DRX timer counting operation to handle the overlapped UL and DL subframes.  
2.2 DRX operation
DRX operation was introduced to allow the UE to save battery power by waking up to monitor PDCCH only at predefined time instants, termed as PDCCH-subframes in MAC specification. DRX related timers, such as drx-InactivityTimer, drx-RetransmissionTimer and onDurationTimer, are counted in terms of PDCCH-subframes.
In current CA, PDCCH-subframe is common for serving cells and used for DRX timer counting and PDCCH monitoring. This principle has the important advantage of simplifying the DRX timer management, and therefore should be maintained for TDD-FDD CA UEs in Rel-12. However, it is unclear whether the existing Rel-11 PDCCH-subframe definition specified for inter-band TDD CA with different UL/DL configuration can be extended for Rel-12 TDD-FDD CA case considering that all subframes are downlink subframes in FDD, while some of subframes can be downlink subframes in TDD. 
The following are some observations related to the DRX operations for TDD-FDD CA UEs: 

1. Case 1: FDD cell as PCell: 
In current LTE, when the FDD UE is in DRX Active state, it should monitor PDCCH on any subframe of configured serving cells. Considering PCell is always activated and PDCCH-subframe refers to a subframe where UE should monitor PDCCH when it is in DRX Active time, it is relatively straightforward that PDCCH-subframe represents any subframe or, in other words, the union of downlink subframes and subframes including DwPTS of all serving cells, if FDD cell is configured as PCell. 
2. Case 2: TDD cell as PCell: 
In RAN1 #76Bis meeting, RAN1 agreed to support TDD PCell. Two different cases need to be considered for DRX operation discussion, including whether FDD SCell is self-scheduling or cross-carrier scheduled by other serving cells. 

· For self-scheduling case, a new PDSCH HARQ-ACK timing, as cited in [1], was defined for PDSCH transmission on FDD SCell as per the following: 

	· For TDD Pcell case:

· HARQ-ACK timing for DL self-scheduling of FDD SCell is defined as following table.
Table 1: self-scheduling PDSCH HARQ timing for FDD SCell
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According to the above HARQ-ACK timing table for Case 2, when a FDD SCell is configured with self-scheduling, all DL subframes on the FDD SCell can transmit PDCCH to schedule PDSCH transmission. It implies that a FDD-TDD CA UE needs to monitor PDCCH on any subframe if the subframe is in Active time. So, the PDCCH monitoring situation is exactly the same as that in case 1. It is then preferable to use the same PDCCH-subframe definition for both case 1 and case 2, making DRX operation independent of duplex scheme (i.e. FDD or TDD) on PCell simplifying the DRX operation management and implementation at UE side. 
· For the case that FDD SCell is cross-carrier scheduled by the other FDD SCell, RAN1 agreed on PDSCH HARQ-ACK timing as follows: 

	For TDD Pcell case:

· For DL cross-carrier scheduling: agree on Alt DL-A

· For DL cross-carrier scheduling with PUCCH on PCell-only, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing

· PCell’s timing is defined as:

· DL HARQ timing determined according to the PCell’s SIB1 UL/DL configuration, or DL-reference HARQ timing of the PCell for eIMTA


Following this agreement, PDCCH is scheduled in downlink subframe or a subframe including DwPTS. Therefore, PDCCH-suframe can be defined as the subframes where the PCell is configured as a downlink subframe or a subframe including DwPTS, which is also same as Rel-11 inter-band TDD CA with different TDD UL/DL configurations.
Based on the above analysis, we propose: 

· Proposal 1: For TDD-FDD CA UE operation, PDCCH-Subframe represents the union of downlink subframes and subframes including DwPTS of all serving cells except serving cells that are configured with schedulingCellId; otherwise, this represents the subframes where the PCell is configured as a downlink subframe or a subframe including DwPTS.
To maximize UE battery efficiency, HARQ characteristics are also considered in the DRX operation. HARQ RTT timer is a HARQ process specific timer that is also specified in terms of subframes. In previous releases, for FDD cell, HARQ timer is set to 8; while for TDD cell, the length of the timer depends on the TDD configuration as well as HARQ process used. For TDD-FDD CA UE in Rel-12, it needs to be discussed about how to set the HARQ-ACK RTT timer, taking into account that different HARQ-ACK timing for PDSCH on SCell was specified in RAN1 depending on PCell duplex mode. 

In case of FDD PCell, FDD HARQ timing was essentially used for FDD cells as well as aggregated TDD SCells, according to following agreements:
	For FDD PCell case

· When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows Pcell timing. (RAN1 #75)
· For DL cross-carrier scheduling: 

· For DL cross-carrier scheduling with PUCCH on PCell-only, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing (RAN1 #76)



Since HARQ RTT timer specifies the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the UE [3], it should be set to 8 for both FDD and TDD cells when FDD is PCell according to RAN1 agreements. 
· Proposal 2: For FDD and TDD cells, the HARQ RTT Timer is set to 8 subframes if FDD cell is PCell.

In case of TDD PCell, the new HARQ-ACK timing captured in Table 1 above was agreed for PDSCH on self-scheduling FDD SCell. For the cross-carrier scheduling case, as said earlier, RAN1 agreed to follow PCell HARQ timing for PDSCH on SCell. In current specification, for TDD, the HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in corresponding tables in RAN1 specification [4]. This can be reused for TDD-FDD CA UEs for the case of TDD PCell while referring corresponding HARQ-ACK mapping table in [4]. 
· Proposal 3: For FDD and TDD cells, the HARQ RTT Timer is set to k+4 subframes if TDD cell is PCell, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback as indicated in [4].
3. Conclusion
In this paper, we have discussed RAN2 impacts of supporting TDD-FDD CA functionality in Rel-12. The main impact of such change is on DRX operation. Based on analysis, we have the following proposals: 
· Proposal 1: For TDD-FDD CA UE operation, PDCCH-Subframe represents the union of downlink subframes and subframes including DwPTS of all serving cells, except serving cells that are configured with schedulingCellId; otherwise, this represents the subframes where the PCell is configured as a downlink subframe or a subframe including DwPTS.

· Proposal 2: For FDD and TDD cells, the HARQ RTT Timer is set to 8 subframes for TDD-FDD CA UEs if FDD cell is PCell.

· Proposal 3: For FDD and TDD cells, the HARQ RTT Timer is set to k+4 subframes for TDD-FDD CA UEs if TDD cell is PCell, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback as indicated in [4]
See also a text proposal for TS 36.321 in the appendix
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3.1
Definitions

[….]

PDCCH: Refers to the PDCCH [7], EPDCCH (in subframes when configured) or, for an RN with R-PDCCH configured and not suspended, to the R-PDCCH. 

PDCCH-subframe: Refers to a subframe with PDCCH. For FDD UE operation, this represents any subframe;
for TDD and TDD-FDD CA UE operation, if UE is capable of simultaneous reception and transmission in the aggregated cells, this represents the union of downlink subframes and subframes including DwPTS of all serving cells, except serving cells that are configured with schedulingCellId [8]; otherwise, this represents the subframes where the PCell is configured as a downlink subframe or a subframe including DwPTS.
For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.

[….]

3.2
Abbreviations

[….]

BSR


Buffer Status Report

CA


Carrier Aggregation
C-RNTI


Cell RNTI

CQI


Channel Quality Indicator

[….]

7.7
HARQ RTT Timer
For an FDD cell, or for a TDD cell when TDD-FDD CA is configured and the PCell is FDD, the HARQ RTT Timer is set to 8 subframes. For a TDD cell the HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in Table 10.1.3.1-1 of [2] , and for an RN configured with rn-SubframeConfig [8] and not suspended, as indicated in Table 7.5.1-1 of [11]. For an FDD cell when TDD-FDD CA is configured and the PCell is TDD the HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in Table X of [2].
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