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Introduction
In RAN1 104b-e meeting, an issue of PDSCH processing time for DCI format 1_2 was discussed but without conclusion, due to limited time. 
This contribution provides some considerations of UE PDSCH processing time for DCI format 1_2.
Discussion
UE PDSCH processing procedure time in Rel-15
In Rel-15, there are two PDSCH processing time for PDSCH processing, capability 1 and 2, depending on RRC configuration, which is shown in Table 5.3-1 and  Table 5.3-2 [2]. 
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ 'pos0' in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1




[bookmark: _Hlk45742881][bookmark: _Hlk500865557][bookmark: _Hlk508187268]A PDSCH processing procedure time is changed dynamically, which is related with its actual time. Because d1,1 in depends on the number of PDSCH symbols. d1,1   shows the impact of PDSCH duration to PDSCH processing time. However, N1 is the time shows the main difference between aggressive UE and normal UE, which is kind of pipeline procedure of the hardware. 
According to the issue whether N1 would be changed due to scheduling DCI format, e.g. DCI 1_0 or DCI 1_1, we think it can be discussed in the following two separate cases:
For a UE that operates capability 1 on a given cell:
The N1 values between left and right columns in Table 5.3-1, depend on configuration of additional DMRS of DCI 1_1. However, for a PDSCH scheduled by DCI 1_0, UE always assumes dmrs-AdditionalPosition='pos2'. There may be different implementations among different UE vendors. Since this is within one capability, it may be left for gNB to address the gaps between left and right columns.  We suggest do not define new UE behaviours for DCI formats related N1 in this case. 
Therefore, it is proposed that it up to gNB implementation to address the gaps between the left and right columns in UE processing capability 1.
For a UE that operates capability 2 on a given cell:
Since there are huge gaps between N1 of Capability 1 and 2, a UE support capability 2 requires higher complexity and stricter pipeline compared with capability 1. Thus it is hard for a UE to support dynamic change between capability 1 and capability 2, especially based on DCI format. We prefer to use same timeline per DCI format. That is when a UE that is configured to capability 2 on a given cell, including dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, a PDSCH scheduled by either DCI format 1_1 or 1_0 follows the timeline of Capability 2.
Above all, according to UE PDSCH processing timeline, we suggest the following proposal:
Proposal 1. [bookmark: _GoBack]Adopt the following conclusion and no specification change for Rel-15.
· when a UE is configured to support capability 1 on a given cell, if dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, a PDSCH scheduled by DCI format 1_1 follows the timeline in the left column of Capability 1, and a PDSCH scheduled by DCI format 1_0 can follow either left column or right column, which is up to gNB to handle the gaps. 
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]when a UE is configured to support capability 2 on a given cell, including dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, a PDSCH scheduled by either DCI format 1_1 or 1_0 follows the timeline of Capability 2.
UE PDSCH processing procedure time in Rel-16
When DCI 1_2 is configured, it is still good to apply same capability 1 or capability 2 for different DCI format, including all configured DCI formats 1_0/1_1/1_2. 
From this point of view, the union of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 can be used for choosing the right/left column of Capability 1, and condition for Capability 2.
if the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is configured for the cell and set to 'enable', in this case dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in all of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured, a PDSCH scheduled by either DCI format 1_2 or 1_1 or 1_0 follows the timeline of Capability 2.
If the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is not configured for the cell or does not set to 'enable':
· When dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in all of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured, a PDSCH scheduled by either DCI format 1_2 or 1_1 follows the timeline in left column of Capability 1. And a PDSCH scheduled by DCI format 1_0 can follow either left column or right column, which is up to gNB to handle the gaps.
· When dmrs-AdditionalPosition ≠ 'pos0' in DMRS-DownlinkConfig in any of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured, or if any of these higher layer parameter is not configured, a PDSCH scheduled by either DCI format 1_2 or 1_1 or 1_0 follows the timeline in right column of Capability 1.
Proposal 2. Adopt the following for Rel-16 URLLC:
· if the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is configured for the cell and set to 'enable', in this case dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in all of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured, a PDSCH scheduled by either DCI format 1_2 or 1_1 or 1_0 follows the timeline of Capability 2.
· If the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is not configured for the cell or does not set to 'enable':
· When dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in all of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured, a PDSCH scheduled by either DCI format 1_2 or 1_1 follows the timeline in left column of Capability 1. And a PDSCH scheduled by DCI format 1_0 can follow either left column or right column, which is up to gNB to handle the gaps.
· When dmrs-AdditionalPosition ≠ 'pos0' in DMRS-DownlinkConfig in any of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured, or if any of these higher layer parameter is not configured, a PDSCH scheduled by either DCI format 1_2 or 1_1 or 1_0 follows the timeline in right column of Capability 1.

Proposal 3. Adopt the following text proposal for UE PDSCH processing procedure time. 
----------------------------------------Text Proposal for Section 5.3 in TS 38.214 g50------------------------------------
5.3	UE PDSCH processing procedure time
<Unchanged parts are omitted>
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in both all of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured 
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]dmrs-AdditionalPosition ≠ 'pos0' in 
DMRS-DownlinkConfig in either any of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured, or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in both all of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured

	0
	3

	1
	4.5

	2
	9 for frequency range 1



---------------------------------------------------------------End -----------------------------------------------------------------------

[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposal.
Proposal 1. Adopt the following conclusion and no specification change for Rel-15.
· when a UE is configured to support capability 1 on a given cell, if dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, a PDSCH scheduled by DCI format 1_1 follows the timeline in the left column of Capability 1, and a PDSCH scheduled by DCI format 1_0 can follow either left column or right column, which is up to gNB to handle the gaps. 
· when a UE is configured to support capability 2 on a given cell, including dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, a PDSCH scheduled by either DCI format 1_1 or 1_0 follows the timeline of Capability 2.
Proposal 2. Adopt the following for Rel-16 URLLC:
· if the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is configured for the cell and set to 'enable', in this case dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in all of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured, a PDSCH scheduled by either DCI format 1_2 or 1_1 or 1_0 follows the timeline of Capability 2.
· If the high layer parameter processingType2Enabled in PDSCH-ServingCellConfig is not configured for the cell or does not set to 'enable':
· When dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in all of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured, a PDSCH scheduled by either DCI format 1_2 or 1_1 follows the timeline in left column of Capability 1. And a PDSCH scheduled by DCI format 1_0 can follow either left column or right column, which is up to gNB to handle the gaps.
· When dmrs-AdditionalPosition ≠ 'pos0' in DMRS-DownlinkConfig in any of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if configured, or if any of these higher layer parameter is not configured, a PDSCH scheduled by either DCI format 1_2 or 1_1 or 1_0 follows the timeline in right column of Capability 1.
Proposal 3. Adopt the text proposal for UE PDSCH processing procedure time.  
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