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Discussion and decision
1
Introduction
In RAN1#68 meeting, the PUSCH HARQ/scheduling timing on scheduled cell was agreed in case of 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. In this contribution, the case of PUSCH cross carrier scheduling when the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms, which is refered as Case D of PUSCH HARQ/scheduling timing on scheduled cell in RAN1#68bis meeting, was discussed.
2
Discussions 
2.1 
  Potential Issues
In a cell with a TDD UL/DL configuration of which the PUSCH RTT is not 10ms such as configuration #0 and #6, the UL subframe corresponding to a given UL HARQ process will circularly shift every radio frame with a larger RTT. For PUSCH cross-carrier scheduling, if the scheduling cell has TDD UL/DL configuration #0 or #6, and PUSCH HARQ/scheduling timing on scheduled cell follows the timing of scheduling cell SIB1 configuration, then some issues arise as the following.
Issue 1:
When a TDD UL-DL configuration other than configuration #0 and #6 is configured on the scheduled cell, some UL HARQ process of the scheduled cell can suffer from large latency. As an example, combination of configuration #0 and #2 is considered as shown in Figure 1. If the timing of scheduling cell is applied, the initial PUSCH transmission in subframe#2 is supposed to be retransmitted on subframe#3 and subframe#4 in subsequent radio frames. However, as the subframe#3 and subframe#4 are DL subframes, the earliest retransmission for this UL HARQ process is possible on subframe#7 in the third next radio frame, i.e. 35 ms delay is incured.
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Figure 1 Example of Issue1
Issue 2:

If the RTT of scheduling cell is non-10 ms and that of scheduled cell is 10 ms, then CA UEs on the scheduled cell will be scheduled with non-10 ms RTT, while non-CA UEs served on the scheduled cell will be scheduled with 10 ms RTT. Sometimes the CA UEs and the non-CA UEs would be scheduled on the same UL subframes and this would increase complexity in the eNB scheduler, as illustrated in Figure 2. 

[image: image2.emf]Pcell, Cnf0

Scell, Cnf3

D S U U U D S U U U D U U U D S U U U

D D D D D D S U U U D D D D D D S U U

5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4

CA UE scheduling

Non-CA UE scheduling

U

S


Figure 2 Example of Issue2
2.2 

Motivation for supporting Case D
TDD UL/DL configuration #0 and configuration #6 are two configurations with most UL subframes within the seven TDD UL/DL configurations defined in Rel-8, and these two configurations will usually be deployed in a cell where UL traffic gets heavy. To support coross-carrier PUSCH scheduling in such a cell, it is beneficial for the eNB to facilitate the management of the potential UL traffic jamming.

For PDSCH cross-carrier scheduling, there is a consensus that all cases should be supported, so in consideration of the UL performance and flexibility of the system, we propose to support this case.
Proposal 1: The case of PUSCH cross carrier scheduling when the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms shall be supported.

2.3 

Possible Solutions for Case D
As analyzed in section 2.1, the cross-carrier PUSCH scheduling on scheduled cell can not simply follow the timing of scheduling cell if the PUSCH RTT of scheduling cell SIB1 configuration is not 10ms. However, for TDD UL/DL configuration #0 and configuration #6, there exist legacy PHICH resources in all DL subframes. That is, the legacy PHICH resources are always available for PUSCH HARQ transmission, irrespective of the UL-DL configuration used as timing reference for the scheduled cell. This makes it feasible to take a timing other than that of scheduling cell for the PUSCH scheduling timing on scheduled cell. We discuss 2 possible simple approaches as below:
Approach 1:

· The PUSCH HARQ/scheduling timing on scheduled cell follows the timing of a reference configurarion 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. If the PUSCH HARQ/scheduling timing of the scheduled cell SIB1 configuration can maximize the number of scheduled UL subframes, then the PUSCH HARQ/scheduling timing of the scheduled cell SIB1 configuration is prioritized.
For example, let’s assume the cases that scheduling cell is configured to TDD UL/DL configuration #0 and scheduled cell is configured to TDD UL/DL configuration #3. As the PUSCH RTT of scheduled cell is 10ms, in order to keep its own RTT the PUSCH HARQ/scheduling timing on scheduled cell should not follow the timing of configurarion #0 and configuration #6. Table 1 shows the number of UL subframes in this example that can be scheduled on scheduled cell following the PUSCH HARQ/scheduling timing of each TDD UL/DL configuration. According to Table 1, the timing of configuration #1 or configuration #3 can be candidates. Comparing configurations #1 and #3, as the TDD UL/DL configuration of scheduled cell is configuration #3, it would be natural to take the timing of scheduled cell configuration, i.e. configuration #3, for the PUSCH HARQ/scheduling timing.
Table 1 Number of UL subframes that could be scheduled on scheduled cell (scheduling cell configuration #0 + scheduled cell configuration #3)

	TDD UL/DL configurations used as timing reference for scheduled cell
	0
	1
	2
	3
	4
	5
	6

	Number of Scheduled UL Subframes
	Non 10ms RTT
	1
	0
	1
	0
	0
	Non 10ms RTT


In another example, i.e. the aggregation of TDD UL/DL configuration #0 for the scheduling cell and TDD UL/DL configuration #2 for the scheduled cell, Table 3 shows the number of UL subframes that can be scheduled on scheduled cell following the PUSCH HARQ/scheduling timing of each TDD UL/DL configuration. According to Table 2, all UL subframes in the scheduled cell can be scheduled following the PUSCH HARQ/Scheduling timing of TDD UL/DL configuration #1, and if following the timing of the other configurations (including its own timing of scheduled cell), none UL subframe can be scheduled, so the timing of configuration #1 should be taken for the PUSCH HARQ/scheduling timing.
Table 2 Number of UL subframes that could be scheduled on scheduled cell (scheduling cell configuration #0 + scheduled cell configuration #2)

	TDD UL/DL configurations used as timing reference for scheduled cell
	0
	1
	2
	3
	4
	5
	6

	Number of Scheduled UL Subframes
	Non 10ms RTT
	2
	0
	0
	0
	0
	Non 10ms RTT


In a summary, the UL/DL configurations which are used as reference for the PUSCH HARQ/Scheduling timing corresponding to different UL/DL configurations of the scheduled cell are shown in Table 3.
Table 3 The TDD UL/DL configurations used as reference for the PUSCH HARQ/scheduling timing
	TDD UL/DL configurations used as reference for the PUSCH HARQ/scheduling timing followed by the Scheduled Cell
	TDD UL/DL Configuration of the Scheduling Cell

	
	0
	6

	TDD UL/DL Configuration of the Scheduled Cell
	0
	0
	0

	
	1
	1
	1

	
	2
	1
	1

	
	3
	3
	3

	
	4
	1
	4

	
	5
	1
	1

	
	6
	6
	6


Through this approach, the number of UL subframes that can be scheduled will be maximized following a PUSCH HARQ/Scheduling timing already defined in Rel-8/9/10. And it is also an appropriate tradeoff between system performance and implementation complexity.
Approach 2:
· If the scheduling cell is TDD UL/DL configuration #0, the PUSCH HARQ/scheduling timing on scheduled cell follows a modified PUSCH HARQ/scheduling timing of configuration 0 to keep the PUSCH RTT as 10ms. The UL-Grant for PUSCH transmitted in subframe n is transmitted in subframe n-10+kPHICH and the corresponding PHICH is transmitted in subframe n+kPHICH with n=2,4,or 7, and kPHICH given in Table 4 captured from Table 9.1.2-1 in 36.213. An example of PUSCH HARQ/scheduling timing is illustrated in Figure 3.
Table 4. kPHICH for TDD configuration 0
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	
	4
	7
	6
	
	
	4
	7
	6


· If the scheduling cell is configured to TDD UL/DL configuration 6, the PUSCH HARQ/scheduling timing on scheduled cell follows the PUSCH HARQ/scheduling timing of configuration #1 for the PUSCH transmittion in subframe #2, #3 and #7 with keeping the PUSCH RTT as 10ms.
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Figure 3 Example of Approach 1 with n=2
To reduce the standardization effort, our slight preference is the approach 1, which tries to reuse the whole timing from a UL-DL configuration already defined in Rel-8 TDD. 
Proposal 2: The PUSCH HARQ/scheduling timing on scheduled cell follows the timing of a reference configurarion taken from the table defined in Rel-8, which can maintain the scheduled cell HARQ RTT and maximize the number of scheduled UL subframes. 
3
Conclusions
In this contribution, the case of PUSCH cross carrier scheduling when the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms was discussed. Potential issues were discussed and two alterantive approaches proposed prove that this case can be supported with little complexity introduced.
Proposal 1: The case of PUSCH cross carrier scheduling when the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms shall be supported.

Proposal 2: The PUSCH HARQ/scheduling timing on scheduled cell follows the timing of a reference configurarion taken from the table defined in Rel-8, which can maintain the scheduled cell HARQ RTT and maximize the number of scheduled UL subframes. 
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