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1. Introduction

In RAN1#88, agreements on collision handling between different processing times for FS1 were made as follows [1]:

	Agreements:

· For FS1, the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe

· Adopt the following behaviour for handling the collision of conflicting UL grants with n+3 and n+4 timing 

· The UE is not expected to receive conflicting UL grants with N+3 and N+4 timing scheduling PUSCH for the same UL subframe of a carrier

· Note: If the UE receives conflicting UL grants with N+3 and N+4 timing scheduling PUSCH for the same UL subframe of a carrier, the UE behavior is left up to UE implementation.

· For FS1, the UE is not expected to be able to receive UL grants with N+3 and N+4 timing in the same subframe and carrier

· Note: This might not imply specification changes

· For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive more than one valid DL assignments for scheduling unicast PDSCHs having different processing times (e.g., n+3 and n+4) in a subframe for a given carrier.


In this contribution, we discuss remaining issues on collision handling between different processing times. 
2. Collision handling between different processing times
For FS2, collision handling between different processing times also needs to be addressed. Similar to FS1, there can be four types of collision between different processing times: DL assignment collision, UL grant collision, DL HARQ collision, UL data collision. 

According to the current specification, the DL data to DL HARQ timing for each UL/DL configuration is shown in Table 1 [2]. At the last meeting, new DL data to DL HARQ timing was defined for a UE configured with shortened processing time, which is shown in Table 2.  
	TDD UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Table 1. DL association set in current LTE 
	TDD UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	-
	3
	3
	-
	-
	-
	3
	3

	1
	-
	-
	6, 3
	3
	-
	-
	-
	6, 3
	3
	-

	2
	-
	-
	7, 6, 4, 3
	-
	-
	-
	-
	7, 6, 4, 3
	-
	-

	3
	-
	-
	7, 6, 5
	5, 4
	4, 3
	-
	-
	-
	-
	-

	4
	-
	-
	11, 8, 7, 6
	6, 5, 4, 3
	-
	-
	-
	-
	-
	-

	5
	-
	-
	12, 9, 8, 7, 5, 4, 3, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6 (option 1)
	-
	-
	6
	4
	4
	-
	-
	6
	3
	-

	6 (option 2)
	-
	-
	3, 6
	3
	3
	-
	-
	-
	3
	


Table 2. DL association set for a UE configured with shortened processing time
For example, in case of TDD UL/DL configuration 2, the DL association set of legacy processing time for UL subframe n =2 consists of DL subframe n-8, n-7, n-4, n-6 while that of shortened processing time consists of n-7, n-6, n-4, n-3 referring to Tables 1 and 2. If PDSCH transmissions are scheduled to the UE in subframe n-8 with legacy processing time (e.g., for dynamic fallback purpose) and also in subframes n-7, n-4, n-6, n-3 with shortened processing time, then the number of DL subframes for HARQ-ACK response in subframe n exceeds 4. If the UE is not configured with PUCCH format supporting large payload (e.g., PUCCH format 3), it would be unavoidable to induce the loss of HARQ-ACK information. In this sense, some restriction can be considered such as limitation of the number of PDSCHs not to exceed the number of elements in the DL association set for the certain UL subframe. Alternatively, some HARQ-ACK compression rule needs to be considered for such the case. However, since dynamic fallback operation is needed for reconfiguration, which will happen rarely, we do not see a strong motivation for further optimization. Rather, some scheduling restriction can be considered such that HARQ-ACK of PDSCH(s) with different processing time is not allowed to be fed back via a certain UL subframe. In other collision cases, it seems sufficient to consider the same collision handling as FS1. 
Proposal 1: For FS2, the UE is not expected to receive DL assignments with different processing times for the same carrier where HARQ-ACK would occur in the same subframe.

Proposal 2: For FS2, the UE is not expected to receive more than one valid DL assignments for scheduling unicast PDSCHs having different processing times for the same carrier in the same subframe.
Proposal 3: For FS2, the UE is not expected to receive UL grants with different processing times for the same carrier where PUSCH would occur in the same subframe.

Proposal 4: For FS2, the UE is not expected to receive more than one valid UL grants for scheduling unicast PUSCHs having different processing times for the same carrier in the same subframe.
As pointed out in [3], collision between n+4 via DCI format 3/3A and n+3 via DCI format 0/4 or DCI format 1/1A/1B/1D/2/2A/2B/2C/2D needs to be also addressed. For accumulation mode, both TPC values can be used for UL power control while for non-accumulated mode, it would be reasonable to use only TPC value given later (i.e., TPC from n+3 via DCI format 0/4 or DCI format 1/1A/1B/1D/2/2A/2B/2C/2D). 
Proposal 5: TPC Collision handing between different processing times should be also addressed.
3. Conclusions

In this contribution, we discussed aspects of collision handling between different processing times in 1ms TTI. Based on the above discussions, our proposals are given as follows:

Proposal 1: For FS2, the UE is not expected to receive DL assignments with different processing times for the same carrier where HARQ-ACK would occur in the same subframe.

Proposal 2: For FS2, the UE is not expected to receive more than one valid DL assignments for scheduling unicast PDSCHs having different processing times for the same carrier in the same subframe.
Proposal 3: For FS2, the UE is not expected to receive UL grants with different processing times for the same carrier where PUSCH would occur in the same subframe.

Proposal 4: For FS2, the UE is not expected to receive more than one valid UL grants for scheduling unicast PUSCHs having different processing times for the same carrier in the same subframe.
Proposal 5: TPC Collision handing between different processing times should be also addressed.
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