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1. Introduction & Background
The PUSCH HARQ/scheduling timing on SCell for cross-carrier scheduling was discussed in RAN WG1 #70. The following working assumptions are agreed for PDSCH and PUSCH HARQ/scheduling timing.
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, the scheduling and HARQ timing of PUSCH case D in case of cross-carrier scheduling is examined, and it is found that for this case if the scheduling and HARQ timing of scheduled cell followed its own timing according to the current working assumption, some combinations in this case will have no UL transmission in scheduled cell due to the lack of scheduling grant or A/N feedback resources. Based on these analyses, possible solutions for this case are discussed in this contribution.
2. Sheduling and HARQ timing design for UL cross-carrier scheduling case D
In this case, scheduling cell is set to configuration 0 or 6 with the same characteristic that the PUSCH HARQ RTT is not 10ms. The design principle for the HARQ/scheduling timing of PUSCH on scheduled cell is to guarantee at least one UL subframe being scheduled and transmitted and to maximize UL resource utilization.
2.1. Scheduling/HARQ timing following scheduled cell timing 
In RAN1#70, working assumption is that the scheduling and HARQ timing of scheduled cell follows scheduled cell’s timing. The next Table 1 shows whether UL subframes can be scheduled or not for different combinations for case D, where “√” indicates that the corresponding subframe can be used for PUSCH transmission, and “×” means the corresponding UL subframe cannot be scheduled due to the lack of UL grant or A/N feedback subframes in scheduling cell, and others without “√” or “×” are DL subframes.
Table 1 the state of UL subframe on schedeuled cell if following scheduled cell PUSCH HARQ timing 
	Different combination
	Subframe
#0
	subframe #1
	subframe #2
	subframe #3
	subframe #4
	subframe #5
	subframe #6
	subframe #7
	subframe #8
	subframe #9

	{6 ,0}
	-
	-
	√
	√
	√
	-
	-
	√
	√
	√

	{6 ,1}
	-
	-
	√
	√
	-
	-
	-
	√
	×
	-

	{6, 2}
	-
	-
	×
	-
	-
	-
	-
	×
	-
	-

	{6, 3}
	-
	-
	×
	√
	√
	-
	-
	-
	-
	-

	{6, 4}
	-
	-
	×
	√
	-
	-
	-
	-
	-
	-

	{6, 5}
	-
	-
	×
	-
	-
	-
	-
	-
	-
	-

	{0 ,1}
	-
	-
	√
	×
	-
	-
	-
	√
	×
	-

	{0, 2}
	-
	-
	×
	-
	-
	-
	-
	×
	-
	-

	{0, 3}
	-
	-
	×
	×
	√
	-
	-
	-
	-
	-

	{0, 4}
	-
	-
	×
	×
	-
	-
	-
	-
	-
	-

	{0, 5}
	-
	-
	×
	-
	-
	-
	-
	-
	-
	-

	{0, 6}
	-
	-
	√
	×
	×
	-
	-
	√
	√
	-


As shown in table 1, if the scheduling and HARQ timing of scheduled cell follow scheduled cell’s timing, no UL  subframe can be scheduled for combinations {6, 2}, {6, 5}, {0, 2}, {0, 4}, {0, 5}.
Observation 1: In case of cross carrier scheduling, case D, if the PUSCH HARQ/scheduling timing on the scheduled cell follows the scheduled cell SIB1 configuration, no UL subframe can be scheduled for scheduled cell for some combinations.
2.2. Scheduling/HARQ timing following scheduling cell timing

For case D, it can be found that the UL subframes indicated by the scheduling cell SIB1 configuration are a superset of the UL subframes indicated by the scheduled cell SIB1 configuration except for the combination of {6,0}. Therefore, if following scheduling cell timing, all the UL subframes in scheduled cell can find UL grant in scheduling cell except subframe#9 of combination {6,0}.
However, since the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms, if the scheduled cell follows the scheduling cell timing, the retransmission subframe for PUSCH may not be available in scheduled cell.  This is illustrated in Figure 1. Taking {scheduling cell, scheduled cell} = {0, 2} as an example, for initial PUSCH transmission in subframe#2, according to HARQ timing of configuration 0, the first and second retransmission will happen in subframe#3 and #4 respectively, which are DL subframes in the cross-scheduled cell.  One possible solution could be that PUSCH scheduling and HARQ timing of cross-scheduled cell follows the subsequent PUSCH retransmission timing of the cross-scheduling cell (configuration 0) [2], which will result in large retransmission delay. 
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Figure 1. HARQ timing for cross-scheduling combination {0, 2}
Observation 2: In case of PUSCH cross carrier scheduling case D, further studies need to be done when the retransmission subframe for PUSCH is a DL subframe in scheduled cell if the PUSCH HARQ/scheduling timing on the scheduled cell follows the scheduling cell SIB1 configuration. 
2.3. Scheduling/HARQ timing following reference TDD UL/DL configuration
In this section, the utilizations of UL subframes for scheduled cell when following different configurations are analyzed and compared with that of working assumption. Table 2 gives the percentage of schedulable UL subframes among all UL subframes for scheduled cell if it’s scheduling and HARQ timing follows a reference TDD UL/DL configuration.
Table 2 percentage of schedulable UL subframes among all UL subframes on schedeuled cell for different reference timing 
	Different combination

{Scheduling, Scheduled cell}
	Reference timing for PUSCH on scheduled cell

	
	Scheduled cell
	Config.1
	Config.2
	Config.3
	Config.4
	Config.5

	{6 ,0}
	6/6, 100%
	3/6,50%
	0
	2/6,33%
	1/6,17%
	0

	{6 ,1}
	3/4, 75%
	3/4,75%
	0
	1/4,25%
	1/4,25%
	0

	{6, 2}
	0/2, 0%
	2/2,100%
	0
	0
	0
	0

	{6, 3}
	2/3, 66%
	2/3.66%
	0
	2/3,66%
	1/3,33%
	0

	{6, 4}
	1/2, 50%
	2/2,100%
	0
	1/2.50%
	1/2,50%
	0

	{6, 5}
	0/1, 0%
	1/1,100%
	0
	0
	0
	0

	{0 ,1}
	2/4, 50%
	2/4,50%
	0
	0
	0
	0

	{0, 2}
	0/2, 0%
	2/2,100%
	0
	0
	0
	0

	{0, 3}
	1/3, 33%
	1/3,33%
	0
	1/3,33%
	0
	0

	{0, 4}
	0/2, 0%
	1/2,50%
	0
	0
	0
	0

	{0, 5}
	0/1, 0%
	1/1,100%
	0
	0
	0
	0

	{0, 6}
	3/5, 60%
	2/5,40%
	0
	1/5,20%
	0
	0


From the table shown in Table 2, it is observed that TDD configuarion 1 is the most efficient UL/DL configuration to follow for most combinations and can guarantee at least one UL subframe in scheduled cell being scheduled. So based on the above anaylsis and comparision for different reference timing design, it is proposed that PUSCH scheduling and HARQ timing for cross-carrier scheduling case D for the combinations {6, 2}, {6, 5}, {0, 2}, {0, 4}, {0, 5} should be revised because no UL subframe can be scheduled.
To guarantee at least one UL subframe on scheduled cell can be transmitted, it is proposed that,
Option 1: for the combinations {6, 2}, {6, 5}, {0, 2}, {0, 4}, {0, 5}, UL scheduling/HARQ timing should follow TDD configuration 1, and others follow the timing of scheduled cell. 
 For a simpler solution, the timing of scheduled cell in all the combinations can follow SIB1 configuration of configuration 1, that is,
Option 2:  UL scheduling/HARQ timing in scheduled cell should follow TDD configuration 1.
Proposal 1: For the design PUSCH HARQ/scheduling timing on the scheduled cell in case of cross carrier scheduling case D, Option 1 or Option 2 can be considered.
3. Scheduling and HARQ timing design for UL cross-carrier scheduling case B,C

The UL subframe on scheduled cell can be scheduled if scheduled cell follows scheduled cell HARQ/scheduling timing for PUSCH transmission. Therefore it is proposed that,

Proposal 2: confirm the working assumption as follows,

· The scheduled cell should follow scheduled cell timing for PUSCH transmission for case B,C in case of cross-carrier scheduled by another cell.
4. Conclusion
In this contribution, the scheduling and HARQ timing of PUSCH case D in case of cross-carrier scheduling is analyzed, two observations are made :
Observation 1: In case of cross carrier scheduling, case D, if the PUSCH HARQ/scheduling timing on the scheduled cell follows the scheduled cell SIB1 configuration, no UL subframe can be scheduled for scheduled cell for some combinations.
Observation 2: In case of PUSCH cross carrier scheduling case D, further studies need to be done when the retransmission subframe for PUSCH is a DL subframe in scheduled cell if the PUSCH HARQ/scheduling timing on the scheduled cell follows the scheduling cell SIB1 configuration.
Based on the above observations and different reference timing analysis, two proposals are provided,

Proposal 1: For PUSCH HARQ/scheduling timing on the scheduled cell in case of cross carrier scheduling for UL case D, Option 1 or Option 2 can be considered.

· Option 1: for the combinations {6, 2}, {6, 5}, {0, 2}, {0, 4}, {0, 5}, UL scheduling/HARQ timing should follow TDD configuration 1, and others follow the timing of scheduled cell. 

· Option 2:  UL scheduling/HARQ timing in scheduled cell should follow TDD configuration 1.
Proposal 2: confirm the working assumption as follows,

· The scheduled cell should follow scheduled cell timing for PUSCH transmission for case B,C in case of cross-carrier scheduled by another cell.
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