3GPP TSG RAN WG1 Meeting #74bis  	                R1-134331
Guangzhou, China, 7th – 11th October 2013
Source: 	ETRI
[bookmark: Title]Title: 	Uplink HARQ timing in TDD-FDD carrier aggregation
Agenda Item:	7.2.3.1 TDD-FDD carrier aggregation
[bookmark: DocumentFor][bookmark: _GoBack]Document for:	Discussion/Decision

1. Introduction
In the RAN #61 meeting, it was decided that RAN1 #74bis will start the specification work of LTE TDD-FDD carrier aggregation (CA), as well as completing TR36.847 [1]. The work for supporting TDD-FDD CA includes the followings (refer to [2] for the updated WID):
· Introduce LTE TDD-FDD CA support including either TDD or FDD as PCell satisfying the following conditions for the LTE TDD-FDD CA specification work.
· UEs supporting FDD and TDD CA operation shall be able to access both legacy FDD and legacy TDD single mode carriers.
· Legacy FDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the FDD carrier, which is part of the jointly operated FDD/TDD network.
· Legacy TDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the TDD carrier, which is part of the jointly operated FDD/TDD network.
· No new TDD UL-DL configuration is introduced.
In this contribution, we discuss possible solutions for TDD-FDD CA focusing on the uplink HARQ timing. Discussion on downlink HARQ timing can be found in a companion contribution [3].

2. Uplink HARQ timing for TDD-FDD CA
HARQ timeline of the aggregated TDD carriers with different UL-DL configurations is one of important features of Rel-11 CA. In the uplink, when cross-carrier scheduling is not configured, each carrier performs PUSCH and PHICH transmissions based on its own HARQ timing. However, for UEs configured with cross-carrier scheduling, the HARQ timing of each carrier is coupled with the other since PHICH transmission is allowed only on the cell transmitting UL grant. To solve this coupling issue, the reference UL-DL configuration had been defined for each combination of UL-DL configurations.
Keeping the current manner of the PHICH transmitting cell, the same issue should be taken into account to support the CA between the TDD and FDD cells. That is, we need to reconsider the HARQ timing of TDD and FDD cells in the case of cross-carrier scheduling. When the cross-carrier scheduling is not configured, each cell can just use its own timing.
Proposal 1: If cross-carrier scheduling is not configured, TDD and FDD cells follow the HARQ timing of its own cell.
In the following, we investigate the uplink HARQ timing of the serving cell cross-carrier scheduled by the other serving cell with a different duplex mode. Considering the aggregation of only two cells, with cross-carrier scheduling, the SCell is always cross-carrier scheduled by the PCell. Note that the HARQ timing of the PCell can use the same HARQ timing as defined in Rel-8.
2.1. FDD PCell and TDD SCell
Basically, when the PCell is the FDD cell, every UL subframe in the TDD SCell can be used since the PCell has a DL subframe in every TTI. The following two schemes can be considered for the uplink HARQ timing of the TDD SCell.
· Alt. 1) The TDD timing of its own UL-DL configuration is applied to the TDD SCell.
· Alt. 2) A modified FDD timing is applied to the TDD SCell. For a UL grant or a PHICH transmitted in subframe n, the corresponding PUSCH on the TDD SCell is transmitted in subframe n+4 and its corresponding PHICH is transmitted in subframe n+10 (Figure 1).
In Alt. 1, when the TDD SCell is configured with the UL heavy UL-DL configuration (configuration 0), multiple PHICH could be transmitted on some of DL subframes of the FDD PCell, which is not desirable in terms of control signaling overhead balancing. Also, the HARQ round-trip time (RTT) can be 14 ms at maximum in the case of UL-DL configurations 0 and 6.
On the other hand, the current FDD timing of uplink HARQ RTT 8 ms cannot be used for the uplink synchronous HARQ operation in the TDD-FDD CA case. Instead, Alt. 2 adopts a longer gap of 6 ms between PUSCH and the corresponding PHICH transmissions, which results in synchronous HARQ with 10 ms RTT for the TDD SCell. By applying Alt. 2, maximum one PHICH is transmitted in one DL subframe of the FDD PCell. Thus, it seems that Alt. 2 is more suitable for the uplink HARQ timing of the TDD SCell in terms of HARQ-ACK feedback latency and overhead balancing.
Proposal 2: If TDD SCell is cross-carrier scheduled by FDD PCell, a modified FDD timing, i.e., 6 ms period between PUSCH and the corresponding PHICH, applies for the uplink HARQ timing of the TDD SCell.


[bookmark: _Ref368066562]Figure 1. Uplink HARQ timing for TDD SCell with a modified FDD timing (UL-DL configuration 1)

2.2. TDD PCell and FDD SCell
Now let us consider the other case where FDD SCell is cross-carrier scheduled by TDD PCell. In this case, the HARQ timeline is more complicated since the TDD PCell does not have a DL subframe in some TTIs. We compare two approaches, which are based on the TDD timing and the FDD timing, respectively, for the FDD SCell HARQ procedure.
· Alt. 1) The TDD timing of the TDD PCell is applied to the FDD SCell (Figure 2).
· Alt. 2) A modified FDD timing is applied to the FDD SCell. For a UL grant or a PHICH transmitted in subframe n, the corresponding PUSCH on the FDD SCell is transmitted in subframe n+4 and its potential PHICH is transmitted in subframe n+10 (Figure 3).
For the FDD SCell, similar to the case of the TDD SCell, the current FDD timing of uplink HARQ RTT 8 ms cannot be used due to the possibility that a DL subframe does not exist on the TDD PCell when the PHICH feedback should be transmitted. Alt. 2 adopts a longer gap of 6 ms between PUSCH and the corresponding PHICH transmissions, which results in 10 ms RTT. Based on Alt. 2, we can use, for PUSCH scheduling, as many FDD SCell UL subframes as the number of TDD PCell DL subframes, which is more favorable than Alt. 1 for all the TDD UL-DL configurations except for UL-DL configuration 0.


[bookmark: _Ref367730316]Figure 2. Uplink HARQ timing for FDD SCell with the TDD timing (UL-DL configuration 1)



[bookmark: _Ref367730651]Figure 3. Uplink HARQ timing for FDD SCell with a modified FDD timing (UL-DL configuration 1)

In Alt. 1 and Alt. 2, some FDD SCell UL subframes are not available for scheduling. In order to avoid the loss of UL subframes in the FDD SCell, additional HARQ timing relations can be defined for unmapped UL subframes.and multi- and/or cross-subframe scheduling can be introduced to enable the scheduling of unmapped UL subframes. This may result in a little complicated HARQ timeline for some UL-DL configurations.
Proposal 3: If FDD SCell is cross-carrier scheduled by TDD PCell, multi- and/or cross-subframe scheduling should be introduced in order to avoid the loss of UL subframes of the FDD SCell.
When multi-subframe or cross-subframe is considered together with Alt. 1 and Alt 2, the benefit of Alt. 2 against Alt. 1 may not be clear. However, Alt. 2 seems preferable in terms of specification effort since it leaves less numbers of unmapped UL subframes than Alt. 1, thus requiring less additional HARQ timing relations. Thus, we think that Alt. 2 can be a better starting point for the uplink HARQ timing of the FDD SCell.
Proposal 4: If FDD SCell is cross-carrier scheduled by TDD PCell, a modified FDD timing, i.e., 6 ms period between PUSCH and the corresponding PHICH, applies for the uplink HARQ timing of the FDD SCell.

3. Conclusions
In this contribution, we have discussed our views on potential TDD-FDD CA solutions with respect to the uplink HARQ timing. The followings are proposed.
Proposal 1: If cross-carrier scheduling is not configured, TDD and FDD cells follow the HARQ timing of its own cell.
Proposal 2: If TDD SCell is cross-carrier scheduled by FDD PCell, a modified FDD timing, i.e., 6 ms period between PUSCH and the corresponding PHICH, applies for the uplink HARQ timing of the TDD SCell.
Proposal 3: If FDD SCell is cross-carrier scheduled by TDD PCell, multi- and/or cross-subframe scheduling should be introduced in order to avoid the loss of UL subframes of the FDD SCell.
Proposal 4: If FDD SCell is cross-carrier scheduled by TDD PCell, a modified FDD timing, i.e., 6 ms period between PUSCH and the corresponding PHICH, applies for the uplink HARQ timing of the FDD SCell.
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