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1
Introduction
In RAN1#70 meeting, the working assumption for PUSCH HARQ/Schedluling timing on scheduled cell is:
Working assumption:
· Applicable for cases B, C and D

· 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

However, we found that if the PUSCH HARQ/Scheduling timing on scheduled cell followed the scheduled cell timing for Case D (the case of PUSCH cross carrier scheduling when the PUSCH RTT of the scheduling cell SIB1 configuration is NOT 10ms), the cross-carrier PUSCH scheduling can not be supported in some TDD UL/DL configuration combinations. In this contribution, we will discuss this potential issue and provide our views.
2
Discussions 
2.1 
  Potential Issue
If the scheduling cell has TDD UL/DL configuration#0 or #6, and PUSCH HARQ/scheduling timing on scheduled cell follows the timing of scheduled cell SIB1 configuration, none UL subframe can be cross-carrier scheduled for some UL/DL configuration combinations, as the lack of DL subframe in the scheduling cell. For example, in the aggregation of TDD UL/DL configuration#0 for the scheduling cell and TDD UL/DL configuration#2 for the scheduled cell, according to the timing of configuration#2 the UL subfame #2 and UL subframe#7 in the scheduled cell should be scheduled by subframe#8 and subframe#3 respectively; but in TDD UL/DL configuration#0, subfame #3 and subframe#8 are all UL subframes, so none UL subframes can be schueduled in the scheduled cell, as shown in Figure 1.
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Figure 1: Illustration of the issue for the aggregation of Cnf#0+Cnf#2
Unfortunately, the issue mentioned above exists also for a few other combinations. E.g. as shown in Table 1, cross-carrier PUSCH scheduling in UL CA cannot be supported for the combination of configuration#0 + configuration#2, configuration#0 + configuration#4, configuration#0 + configuration#5, configuration#6 + configuration#2 and configuration#6 + configuration#5, which account for 5/12 of all aggregation scenarios of Case D. Furthermore, it should be noticed that if the scheduled cell has TDD UL/DL configuration#2 or configuration#5 in Case D, neither aggregation will be supported. Considering the TDD UL/DL configuration#2 is one of the most typical configurations in TDD network, this issue will impact the performance and flexibility of the system seriously.
What is more, eNB may schedule PDSCH transmission based on the uplink channel response obtained by SRS, thanks to the channel reciprocity property of TDD. This is especially true for TM7/8/9/10. E.g. the CQI/PMI if configured are determined based on CRS ports, while 8 physical antennas could be used in DL transmission TM8, that is, the precoding matrix for downlink transmission in TM8 has to be determined based on channel sounding by SRS. 
However, SRS transmission power is related with PUSCH power control. Specifically, SRS on Scell shares the same power control command included in PDCCH with DCI format 0/4 scheduling PUSCH transmission. One thing to note is the use of DCI format 3/3A for power control is restricted on Pcell only, and cannot be used for power control of SRS on Scell. In other words, if PUSCH scheduling is not supported due to the potential problem of case D, UE cannot obtain power control command for SRS. Therefore, eNB would get inaccurate downlink channel state information from SRS so that performance degradation of PDSCH transmission would occur. 
Proposal 1: PUSCH timing for the unsupported combinations by current WA should be defined, with all the other aspects of current WA keeps unchanged. 
Table 1: Unsupported combinations of TDD UL/DL configurations
	UL timing reference configuration
	Scheduling cell SIB1 UL-DL configuration 

	
	0
	1
	2
	3
	4
	5
	6

	Scheduled cell SIB1 UL-DL configuration 
	0
	- 
	0
	0
	0
	0
	0
	0

	
	1
	1
	- 
	1
	1
	1
	1
	1

	
	2
	2
	1
	- 
	2
	2
	2
	2

	
	3
	3
	3
	3
	- 
	3
	3
	3

	
	4
	4
	1
	4
	3
	- 
	4
	4

	
	5
	5
	1
	2
	3
	4
	- 
	5

	
	6
	6
	6
	6
	6
	6
	6
	- 

	Meaning of the colors 
	Case A 
	Case B 
	Case C 
	Case D
	　
	　
	　


2.3 

Proposed Solution for Issue
For the unsupported combinations, one possible way is to follow the PUSCH timing of the scheduling cell. As defined in Rel-8, the PUSCH RTT for configuration#0 and #6 is not 10ms, which means the UL subframe corresponding to a given UL HARQ process will circularly shift every radio frame with a larger RTT. In the above Case D, the UL subframes of the scheduled cell is only a subset of the scheduling cell, which results that the subframe for a PUSCH retransmission following scheduling cell timing could be a DL subframe. As a consequence, PUSCH transmission on scheduled cell suffers from large latency. Special handling of such absence of UL subframe for PUSCH retransmission is needed as well, which complicated the eNB scheduler. Therefore, the timing of scheduling cell is not the right choice for the above unsupported combinations. 

We consider in the following part a method for the PUSCH timing of the above unsupported combination by current WA which minimizes the standardization impacts and achieves better system performance. In brief, for the 5 unsupported combinations above, the PUSCH HARQ/scheduling timing on scheduled cell shall follow the timing of TDD UL/DL configuration#1. Through this approach, the numbers of UL subframes that can be scheduled on the scheduled cell are maximized. Further, the PUSCH retransmission is guaranteed to be in an UL subframe since the HARQ RTT for the timing reference UL/DL configuration#1 is 10ms.  
In 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 2. 
Proposal 2: For the 5 unsupported combinations by current WA, the PUSCH HARQ/scheduling timing on scheduled cell shall follow the timing of TDD UL/DL configurarion#1.
Table 2: The TDD UL/DL configurations used as reference for the PUSCH HARQ/scheduling timing
	UL timing reference configuration
	Scheduling cell SIB1 UL-DL configuration 

	
	0
	1
	2
	3
	4
	5
	6

	Scheduled cell SIB1 UL-DL configuration 
	0
	- 
	0
	0
	0
	0
	0
	0

	
	1
	1
	- 
	1
	1
	1
	1
	1

	
	2
	1
	1
	- 
	2
	2
	2
	1

	
	3
	3
	3
	3
	- 
	3
	3
	3

	
	4
	1
	1
	4
	3
	- 
	4
	4

	
	5
	1
	1
	2
	3
	4
	- 
	1

	
	6
	6
	6
	6
	6
	6
	6
	- 

	Meaning of the colors 
	Case A 
	Case B 
	Case C 
	Case D
	　
	　
	　


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 futher discussed. Potential issues were discussed under the assumption that the PUSCH HARQ/scheduling timing on scheduled cell follows the timing of scheduled cell SIB1 configuration. We have the following proposals:
Proposal 1: PUSCH timing for the unsupported combinations by current WA should be defined, with all the other aspects of current WA keeps unchanged.
Proposal 2: For the 5 unsupported combinations by current WA, the PUSCH HARQ/scheduling timing on scheduled cell shall follow the timing of TDD UL/DL configurarion#1.
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