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Introduction
In RAN1 105-e meeting, an issue of PDSCH processing time for DCI format 1_0 was discussed but without conclusion, due to limited time. 
This contribution provides some considerations of UE PDSCH processing time for DCI format 1_0.
Discussion
In Rel-15, there are two PDSCH processing time for PDSCH processing, capability 1 and 2, depending on RRC configurations, which are 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 transmission. 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, like Cap#1 and Cap#2.
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 separately for Rel-15 and Rel-16. Option A/A1/B/C were provided during RAN1 105-e [3] which are also copied in appendix.
For Rel-15, all NBC changes should be avoided. Our preference is Option A or A1. First of all, Option A or A1 provides the most backward compatibility, because they do not need any specification change, maybe a clarification is enough. Furthermore, it does not increase the complexity of UE implementation. Rel-15 UE does not support additional pipeline procedure for DCI format 1_0, or fall back operations. 
For Rel-15, any of Option B or C need huge pipeline procedure change. Especially for Option B, it is impossible to apply Cap#2 when additional DMRS is used for a PDSCH. Furthermore, Option C requires fall back operation. However, it is common understanding that only 136 RBs with 30 kHz scheduling support fall back to Cap#1. It should avoid to introduce new fall back operation for Rel-15.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. 
For Rel-16, Option C can be considered in addition to Option A and A1. 
Proposal 1. for a UE configured with Cap #2 in a DL cell and NOT configured with additional DMRS by higher layers:
· Option A or A1 is supported for Rel-15.
· Option A or A1 or C is supported for Rel-16.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, according to UE PDSCH processing timeline, we have the following proposal:
Proposal 1. for a UE configured with Cap #2 in a DL cell and NOT configured with additional DMRS by higher layers:
· Option A or A1 is supported for Rel-15.
· Option A or A1 or C is supported for Rel-16.
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Appendix
	Option
	UE behavior

	[bookmark: _Hlk72772606]Option A 
	· For a UE configured with Cap #2 in a DL cell and NOT configured with additional DMRS by higher layers:
· All PDSCHs subject to HARQ-ACK feedback (“unicast PDSCHs”) that may be scheduled in the DL cell are expected to satisfy conditions for Cap #2 timeline (i.e., w/o additional DMRS)
· For a PDSCH scheduled by DCI 1_0 and subject to HARQ-ACK feedback, DMRS_Alt 2 (PDSCH DMRS as per ‘pos2’ for both PDSCH RE mapping and channel estimation for PDSCH reception) applies


	Option A1
	· unicast PDSCH longer than 7 symbols and 4 symbols for mapping types A and B respectively cannot be supported with DCI 1_0

	Option B 
	· For a UE configured with Cap #2 in a DL cell and NOT configured with additional DMRS by higher layers:
· For all PDSCHs, including PDSCH scheduled by DCI format 1_0 with ld > 7 or ld > 4 symbols for mapping types A or B respectively, subject to HARQ-ACK feedback (“unicast PDSCHs”) are to follow Cap #2 timeline
· For a PDSCH scheduled by DCI 1_0 and subject to HARQ-ACK feedback, DMRS_Alt 2 (PDSCH DMRS as per ‘pos2’ for both PDSCH RE mapping and channel estimation for PDSCH reception) applies

	[bookmark: _Hlk72772612]Option C 
	· For a UE configured with Cap #2 in a DL cell and NOT configured with additional DMRS by higher layers:
· For a PDSCH scheduled by DCI format 1_0 with ld > 7 or ld > 4 symbols for mapping types A or B respectively, subject to HARQ-ACK feedback (“unicast PDSCH”), the UE may fall back to Cap #1 timeline; other PDSCHs are to follow Cap #2 timeline, subject to any other applicable constraints (e.g., Cap 2 with 136 PRBs constraint for 30 kHz)
· For a PDSCH scheduled by DCI 1_0 and subject to HARQ-ACK feedback, DMRS_Alt 2 (PDSCH DMRS as per ‘pos2’ for both PDSCH RE mapping and channel estimation for PDSCH reception) applies
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