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1. Introduction
In recent RAN1 meetings [1]-[4], excessive discussion had been done for PDSCH/PUSCH HARQ timing issues for TDD inter-band carrier aggregation with different UL-DL configurations, and several proposals had been proposed. However, there are still some issues without agreements as follows: 

For HARQ/scheduling timing on SCell with half-duplex and self scheduling: 

 On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)
·  Working assumption is to follow SCell SIB1 HARQ timing

· Can be revisited after discussion of other DL and UL cases

·    FFS which alternative to choose for half-duplex case, in case of self scheduling,

· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)
· Working assumption is to follow the timing table in alternative 1
·  In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs. 
· FFS which alternative to choose for half-duplex case, in case of self scheduling,
· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

For HARQ/scheduling timing on SCell with cross-carrier scheduling: 

On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B) – for the case where a SCell is scheduled by a PCell

· In case of cross-carrier scheduling

· Alt 1: Follow P-Cell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed

· Alt 2: Follow S-Cell timing

Benefit: able to use all DL subframes in SCell 

Proposal: 

· Follow P-Cell timing for PDSCH

· FFS the handling of more than 2 configurations

Proposal: 

· Follow S-Cell timing for PDSCH

Working assumption:

· Applicable for cases B, C and D

· Follow P-Cell timing for PDSCH, regardless of the number of aggregated CCs

· Follow scheduled cell timing for PUSCH,

·     In a subframe where an UL grant is not detected,

· UE is not expected to decode PHICH in a subframe where PHICH is not available

· UE will deliver an “ACK” from PHY to MAC layer in that subframe

·    FFS if there are other issues relating to UE behavior

In this contribution, we consider half duplex operation on determination of transmission direction of overlapped subframes for TDD inter-band carrier aggregation with different UL-DL configurations, which greatly impact on PDSCH/PUSCH HARQ timing in Rel-11. 
2. Discussion 
2.1 Agreements for PDSCH/PUSCH HARQ timing
In RAN1 meetings [1]-[4], extensive discussion had been carried out on PDSCH/PUSCH HARQ timing for TDD inter-band carrier aggregation with different UL-DL configurations, and the following conclusions were given: 
For HARQ/scheduling timing on PCell:  

· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.

· PCell timing is the same as Rel-8/9/10.
Since PDSCH/PUSCH scheduling and HARQ-ACK timing on PCell shall follow the PCell timing as Rel-8/9/10, the work only to consider here is PDSCH/PUSCH scheduling and HARQ-ACK timing on SCell. 
For HARQ/scheduling timing on SCell with full-duplex mode and self scheduling: 
On PDSCH timing for the case where SCell(s) downlink subframes is a subset of PCell (namely case A)
· SCell PDSCH HARQ timing should follow the PCell SIB1 HARQ timing 
On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)

· SCell PDSCH HARQ timing should follow the SCell SIB1 HARQ timing 
On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)
· SCell PDSCH HARQ timing should follow the reference configuration in Alternative 1. 
Alternative 1:
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	Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
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On PUSCH HARQ/scheduling timing on SCell

· SCell timing should follow the SCell SIB1 configuration. 
For HARQ/scheduling timing on SCell with half-duplex mode and self scheduling: 

For PUSCH HARQ-ACK and scheduling timing, it follows the SCell SIB1 configuration.
On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)
·  Working assumption is to follow SCell SIB1 HARQ timing

· Can be revisited after discussion of other DL and UL cases

·    FFS which alternative to choose for half-duplex case, in case of self scheduling,

· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)
· Working assumption is to follow the timing table in alternative 1
·  In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs. 
· FFS which alternative to choose for half-duplex case, in case of self scheduling,
· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

For HARQ/scheduling timing on SCell with cross-carrier scheduling: 

On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B) – for the case where a SCell is scheduled by a PCell

· In case of cross-carrier scheduling

· Alt 1: Follow P-Cell timing

Benefit: re-use R10 design for A/N transmission, no additional specification effort is needed

· Alt 2: Follow S-Cell timing

Benefit: able to use all DL subframes in SCell 

Proposal: Follow P-Cell timing for PDSCH

· FFS the handling of more than 2 configurations

Proposal: Follow S-Cell timing for PDSCH

Working assumption:

· Applicable for cases B, C and D

· Follow P-Cell timing for PDSCH, regardless of the number of aggregated CCs

· Follow scheduled cell timing for PUSCH,

· In a subframe where an UL grant is not detected,

· UE is not expected to decode PHICH in a subframe where PHICH is not available

· UE will deliver an “ACK” from PHY to MAC layer in that subframe

· FFS if there are other issues relating to UE behavior

2.2 How to select the transmission direction in overlapped subframe
For a UE with half-duplex mode, if carriers with different UL-DL configurations are inter-band aggregated together, UE  cannot simultaneously transmit and receive signals in the same subframe, so it is preferred to determine the transmission direction of the overlapped subframes before considering the working assumptions on HARQ timing.  A good determination of transmission direction will help to find a more suitable reference configuration for HARQ timing[5]. 
In general, three options had been disucssed as follows: 

· Option 1: follow PCell SIB1 configuration
In this option, when the directions of the same subframe from PCell and SCell are conflicted, the subframe of SCell will be disabled all the time, and the transmission always follows the direction of PCell configuration. 
· Option 2: configured semi-statically by eNB
In this option, eNB semi-statically configure UE either downlink or uplink transmission direction in each overlapped subframe, e.g. via UE-specific RRC signalling. That is to say, for an overlapped subframe, the carrier with configured transmission direction is enabled while the carrier with opposite direction is disabled during a semi-static period. 
· Option 3: configured dynamically by eNB
In this option, the transmission direction in each overlapped subframe is implicitly configured by eNB in dynamic manner, e.g. via UL grant. For example, if UE needs to transmit any uplink signal (e.g. PUCCH, SRS, PUSCH) in the overlapped subframe, then the transmission direction of the overlapped subframe can be configured as uplink; otherwise the transmission direction is defaultly assumed to be downlink. 

2.3 Solutions for half-duplex mode and self scheduling 
In RAN1#68bis meeting and email discussion, in case of self scheduling, PUSCH HARQ/ scheduling timing on SCell follow the SCell SIB1 configuration for the full duplex and half-duplex modes.  Therefore, only two working assumptions and their relative FFS issues for PDSCH HARQ timing on SCell are discussed here. 

On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)
·  Working assumption is to follow SCell SIB1 HARQ timing

·    FFS which alternative to choose for half-duplex case, in case of self scheduling,

· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB
In case of self scheduling, for half duplex case, the transmission direction following the UL-DL configuration on the scheduling cell, like PCell SIB1 configuration, seems to be desirable because Rel-10 TDD intra-band CA design can be completely reusable, and no additional specification effort is needed[6][7]. And for the muted overlapped subframes on SCell, and it is reasonable to SCell follows its own PDSCH timing, so we have

Proposal 1: In case of self scheduling, if the transmission direction follows PCell SIB1 configuration for half duplex case, the working assumption is confirmed to follow SCell SIB1 HARQ timing for PDSCH timing on SCell.
On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)
· Working assumption is to follow the timing table in alternative 1
· FFS which alternative to choose for half-duplex case, in case of self scheduling,
· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB

Similar as Case B, in case of self scheduling, we prefer the transmission direction follows PCell SIB1 configuration for half duplex case, and agree the working assumption of the timing table in alternative 1. 

Proposal 2: In case of self scheduling, the transmission direction follows PCell SIB1 configuration for half duplex case, and the working assumption is confirmed to follow the timing table in alternative 1.

2.4 Solutions for half-duplex mode and cross-carrier scheduling 
In RAN1#70 meeting, for a UE with half-duplex mode and cross-carrier scheduling, the following alternatives and working assumption should be reconsidered. 

On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B) – for the case where a SCell is scheduled by a PCell

· In case of cross-carrier scheduling

· Alt 1: Follow P-Cell timing

· Alt 2: Follow S-Cell timing

Proposal: Follow P-Cell timing for PDSCH

· FFS the handling of more than 2 configurations

Proposal: Follow S-Cell timing for PDSCH

Working assumption:

· Applicable for cases B, C and D

· Follow P-Cell timing for PDSCH, regardless of the number of aggregated CCs

· Follow scheduled cell timing for PUSCH,

· In a subframe where an UL grant is not detected,

· UE is not expected to decode PHICH in a subframe where PHICH is not available

· UE will deliver an “ACK” from PHY to MAC layer in that subframe

· FFS if there are other issues relating to UE behavior

For PDSCH timing case, if the transmission direction follows PCell’s UL-DL configuration, the overlapped subframes on SCell is unusable and the DL scheduling of SCell will be impacted if following the timing relation of SCell. Thus, the efficiency of resource utilization is reduced. 
However, if SCells follow PCell’s HARQ timing, some conflict issues need to be concerned. For example, if more than two configurations are aggregated for a UE, the HARQ timing for cross-carrier scheduling between SCells may conflict with PCell’s self scheduling, which could be resolved by implementation, e.g. eNB scheduling limitation. But implementation details need to be further discussed. 
Proposal 3: In case of cross-carrier scheduling, SCell PDSCH HARQ timing should follow PCell’s HARQ timing, but some conflict issues(e.g., the handling of more than two configurations) need to be resolved. 
In the following, we discuss the PUSCH HARQ/ scheduling timing on SCell in case of cross-carrier scheduling.  
For UL subframes indicated by the scheduled cell SIB1 configuration are a subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms(namely case A), it concluded that PUSCH HARQ/scheduling timing on SCell follow the scheduling cell SIB1 configuration. 
For UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms(namely case B), the following issues need to be discussed.
· Should cross-carrier scheduling be supported for this case and, if supported, what is the PUSCH HARQ/scheduling timing on SCell?
· Alt 1: Follow the scheduling cell’s PUSCH timing
· Alt 2: Follow the scheduled cell’s PUSCH timing (PHICH resource issue)

[image: image1.emf]D U S D U S D D D D

U U S D U S D D U D

PCell(CC1)

Config 2

SCell(CC2)

Config 1

Subframe

0 1 2 5 4 3 8 7 6 9

D

D

9

PDCCH

UL grant

UL grant

PUSCH

PUSCH


Figure 1 The PUSCH scheduling and HARQ timing for Case-B

For Alt 1, if following the scheduling cell’s PUSCH timing, although no PHICH issue exists, uplink peak rate may not be achieved for some PUSCH  subframes. For example the purple line in figure 1[7], uplink subframe 3 and  8 on SCell can not be scheduled for UL transmission if following the scheduling cell’s PUSCH timing. 

For Alt2, if following the scheduled cell’s PUSCH timing, all uplink subframes on SCell are usable, and thus uplink peak rate can be achieved. However, since PHICH is always transmitted on the cell carrying the UL grant, i.e., on the scheduling cell, PHICH resource may not be availble in the overlapped subframes where an UL grant is not detected, such as subframe 3 and 8 in figure 1. 

Similarly for UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and if the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms(namely case C), and if the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms(namely case D), for the consistence with other cases, we prefer to give the following proposal: 

Proposal 4: In case of cross-carrier scheduling, it is preferred that the cross-scheduled cell  follows its own PUSCH timing, and UE is not expect to decode PHICH in a subframe if PHICH resource is unavailable, and UE will deliver an “ACK” from PHY to MAC layer in that subframe. 
3. Conclusion
This contribution considers half duplex operation on determination of transmission direction of overlapped subframes for TDD inter-band carrier aggregation with different UL-DL configurations, which greatly impact on PDSCH/PUSCH HARQ timing in Rel-11, and gives the following observation and suggestions:  
Proposal 1: In case of self scheduling, if the transmission direction follows PCell SIB1 configuration for half duplex case, the working assumption is confirmed to follow SCell SIB1 HARQ timing for PDSCH timing on SCell.
Proposal 2: In case of self scheduling, the transmission direction follows PCell SIB1 configuration for half duplex case, and the working assumption is confirmed to follow the timing table in alternative 1.

Proposal 3: In case of cross-carrier scheduling, SCell PDSCH HARQ timing should follow PCell’s HARQ timing, but some conflict issues(e.g., the handling of more than two configurations) need to be resolved. 
Proposal 4: In case of cross-carrier scheduling, it is preferred that the cross-scheduled cell  follows its own PUSCH timing, and UE is not expect to decode PHICH in a subframe if PHICH resource is unavailable, and UE will deliver an “ACK” from PHY to MAC layer in that subframe. 
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