
3GPP TSG RAN WG1 #69
 R1-122222
Prague, Czech Republic, 21st – 25th May 2012
Agenda Item:
7.2.1.5
Source:
Samsung
Title:

PUSCH HARQ timing for case of 10ms RTT cases in scheduling cell
Document for:
Discussion and decision
1 Introduction
According to the agreements so far, PUSCH scheduling/HARQ-ACK timing for full duplex case in inter-band TDD CA can be summarized as below:
PUSCH HARQ/scheduling timing on PCell
· follow the PCell timing (PCell timing is the same as Rel-8/9/10)
PUSCH HARQ/scheduling timing on SCell
· Self-scheduling

· follow the SCell SIB1 configuration
· Cross-carrier scheduling

· if the set of UL subframes indicated by the scheduled cell SIB1 configuration is 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 (Case A)
· follow the scheduling cell SIB1 configuration
· if the set of 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 (Case B)
· FFS

· if the set of 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 (Case C)
· FFS

· if the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms (Case D)
· FFS

Among the above open issues on PUSCH scheduling/HARQ-ACK timing, this contribution discusses the details specifically for Case B and Case C. In Case B and Case C, the PUSCH RTT of scheduling cell is 10ms and cross-carrier scheduling is applied. Case D of which PUSCH RTT is not 10ms is discussed in a separate contribution [1].
2 PUSCH scheduling/HARQ-ACK timing: Case B
Case B is that the set of UL subframes indicated by the scheduled cell SIB1 configuration are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms. The combinations of UL/DL configuration which falls within Case B are:

· Scheduling cell = #1 and Scheduled cell = {#0, #6}

· Scheduling cell = #2 and Scheduled cell = {#0, #1, #6}

· Scheduling cell = #3 and Scheduled cell = {#0, #6}

· Scheduling cell = #4 and Scheduled cell = {#0, #1, #3, #6}

· Scheduling cell = #5 and Scheduled cell = {#0, #1, #2, #3, #4, #6}
For Case B, there are two alternatives in PUSCH scheduling/HARQ-ACK timing design: 

· Alternative 1: the PUSCH HARQ/scheduling timing on scheduled cell follows the timing of scheduling cell SIB1 configuration.

· Alternative 2: the PUSCH HARQ/scheduling timing on scheduled cell follows the timing of scheduled cell SIB1 configuration.
Both Alternative 1 and 2 do not require any new timing beyond those already defined in Rel-8/9/10. Alternative 1 shares the same timing reference, i.e. scheduling cell SIB1 configuration, with already agreed timing reference of Case A. On the other hand, Alternative 2 does not have the commonality of timing with Case A.

From the scheduling PDCCH perspective, with Alternative 1, the PDCCHs in subframe n can schedule the PUSCH on scheduling cell and the PUSCH on scheduled cell in UL aligned subframes n+k simultaneously. This may not be possible for Alternative 2 because the timing of PUSCH on the scheduled cell follows the timing of the scheduled cell SIB1 configuration, which can be different from that of the scheduling cell.  
For Alternative 2, there may not be available PHICH resource on the corresponding subframe of the scheduling cell. The eNB has to manage this situation taking into account whether the PHICH resource is available on the concerned subframe or not, which increases scheduler complexity. More detailed impact analysis is provided in [2].
3 PUSCH scheduling/HARQ-ACK timing: Case C
Case C is that the set of 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 the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms. The combinations of UL/DL configuration which falls within Case C are:

· Scheduling cell = #1 and Scheduled cell = #3, and vice versa

· Scheduling cell = #2 and Scheduled cell = #3, and vice versa
· Scheduling cell = #2 and Scheduled cell = #4, and vice versa

For Case C, there are three alternatives in PUSCH scheduling/HARQ-ACK timing design: 

· Alternative 1: the PUSCH HARQ/scheduling timing on scheduled cell follows the timing of scheduling cell SIB1 configuration. 

· Alternative 2: the PUSCH HARQ/scheduling timing on scheduled cell follows the timing of scheduled cell SIB1 configuration.
· Alternative 3: the PUSCH HARQ/scheduling timing on scheduled cell follows the timing of a reference configuration taken from the table defined in Rel-8, which can maintain the scheduled cell HARQ RTT and possibly maximize the number of scheduled UL subframes.
As similar to Case B, Alternatives 1, 2, and 3 do not require any new timing beyond those already defined in Rel-8/9/10. 
Alternative 1 shares the same timing reference, i.e. scheduling cell SIB1 configuration, with already agreed timing reference of Case A. On the other hand, Alternatives 2 and 3 may not have the commonality of timing with Case A.

From the scheduling PDCCH perspective, with Alternative 1, the PDCCHs in subframe n can schedule the PUSCH on scheduling cell and the PUSCH on scheduled cell in UL aligned subframes n+k simultaneously. This may not be possible for Alternative 2 because the timing of PUSCH on the scheduled cell follows the timing of the scheduled cell SIB1 configuration, which can be different from that of the scheduling cell. Alternative 3 also may not have the capability to schedule the PUSCHs on scheduling cell and scheduled cell simultaneously if the timing reference is different from that of scheduling cell SIB1 configuration. 
For Alternatives 2 and 3, there may not be available PHICH resource on the corresponding subframe of the scheduling cell. The eNB has to manage this situation taking into account whether the PHICH resource is available on the concerned subframe or not, which increases scheduler complexity. More detailed impact analysis is provided in [2].
4 Conclusion
For the PUSCH cross-carrier scheduling of which RTT is 10ms, possible alternatives for each case are discussed. Taking into account analyses in the contribution, the PUSCH scheduling/HARQ-ACK timing is proposed as below:
· if the set of 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 (Case B)

· Proposal: the PUSCH HARQ/scheduling timing on scheduled cell follows the timing of scheduling cell SIB1 configuration. 
· if the set of 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 (Case C)

· Proposal: the PUSCH HARQ/scheduling timing on scheduled cell follows the timing of scheduling cell SIB1 configuration. 
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