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In the RAN1#105b-e meeting, an issue on whether a UE can have different processing times for different DCI formats was discussed. And there is currently no consensus among companies how to interpret the Rel-15 specification and what behavior is desired for Rel-15 between DCI format 1_0 and DCI format 1_1, an unambiguous behavior needs to be identified.
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2.1 Processing times for DCI format 1_0 in Rel-15
In the RAN1#104b-e meeting, concerns were raised about the pipelining efficiency for back-to-back scheduling of PDSCHs with different DMRS configurations associated with different DCI formats and different processing time capabilities. This discussion was firstly triggered in Rel-16 maintenance between DCI format 1_1 and 1_2, which was then postponed and instead moved to Rel-15 where the PDSCH processing times for PDSCHs scheduled by DCI format 1_0 and DCI format 1_1 were discussed.
During RAN1#105-e, it became obvious that different companies have different interpretations of the Rel-15 specification and various options for the UE and gNB were proposed to handle the situation when processing time cap#2 is configured for a given cell and a unicast PDSCH scheduled by DCI format 1_0 is tightly followed by a PDSCH scheduled by DCI format 1_1. For example, the earlier PDSCH could be scheduled by DCI format 1_0 with a duration of 13 OS and has 3 additional DMRS. It is then followed by a PDSCH with a 7 OS long duration that is scheduled by DCI format 1_1 and has no additional DMRS configured. 
For the situation described above, it was raised that there could be processing conflicts (i.e. overlaps) at the UE. The processing of the first PDSCH would for example start after the last DMRS (at symbol 12 of the first slot) and the HARQ-A/N feedback could be required to be sent after N1=13 OS counted from the end of the PDSCH, i.e. at symbol 13 of the next slot. The processing of the second PDSCH can start after its DMRS, i.e. at symbol #3 of the second slot, and the feedback is sent 3OS after the end of the PDSCH, i.e. also at OS #13 of the second slot. In the RAN1#105-e meeting, 6 options were discussed in [1] to handle the potential impact to the UE pipelining operation when the cell is configured with cap#2 and when a unicast PDSCH is scheduled by DCI format 1_0 and then followed by a unicast PDSCH scheduled by DCI format 1_1. These options are summarized below: 
	Option
	Description

	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

	A1
	· 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., with additional DMRS per ‘pos0’ only)
· 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

	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

	B1
	· 	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 PDSCH scheduled by DCI 1_0 and subject to HARQ-ACK feedback, DMRS_Alt 1 (PDSCH DMRS as per ‘pos2’ for PDSCH RE mapping but UE is not expected to process additional DMRS symbols for PDSCH reception) applies

	B2
	· 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 PDSCH scheduled by DCI 1_0 and subject to HARQ-ACK feedback, DMRS_Alt 3 (PDSCH DMRS as per ‘pos0’ for both PDSCH RE mapping and channel estimation for PDSCH reception) applies

	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



Option A results in the scheduling restriction when the UE is configured with cap#2 that the gNB cannot schedule a unicast PDSCH with DCI format 1_0 of which the duration is over 7 OS for mapping type A or over 4 OS for mapping type B. 
Option A1 is similar to Option A, but imposes a stronger restriction, i.e. the UE does not expect to be scheduled with a unicast PDSCH by DCI format 1_0 in a cell that is configured with cap#2. Option A1 further precludes the occurrence of the example given above on the basis of Option A. 
Option B suggests that all unicast PDSCHs follow PDSCH processing time cap#2. This option will introduce some corrections to the specification, since the processing times of PDSCH scheduled by DCI format 1_0 always satisfies PDSCH processing time cap#1 as shown in Table 5.3-1 of the current specification [2].
Option B1 is a variant of Option B with a simplified UE processing, since for the reception of a unicast PDSCH scheduled by DCI format 1_0, the UE is not expected to use other DMRS symbols than the first one.
Option B2 is similar to Option B1, but would have impact on the current DMRS mapping rule.
Option C proposes that a unicast PDSCH scheduled by DCI 1_0 follows cap#1 with additional DMRS and the sub-sequent unicast PDSCH scheduled by DCI 1_1 would follow cap#2.
The most flexible solution promising the best performance is Option B, but it is not according to the specification in our view and also has a severe impact on the UE implementation feasibility and we do not support it. In our view, we prefer Option C since Option C still has no scheduling restrictions and is in-line with the specification. Some companies have argued that it is not allowed in the spec for a UE to dynamically fallback to Cap #1 timing when scheduled by DCI format 1_0. We think, it is does not need to be explicitly allowed, instead it is simply a consequence of the configured parameters and used DCI format. However, based on the discussion in RAN1#105-e, it seems difficult to get consensus on Option C. If companies are really concerned about the back-to-back PDSCH scheduling in a DL cell configured with cap#2 and not configured with additional DMRS, for progress we would be fine with another solution, but we need to ensure that the solution is feasible for the UE implementation and does not impose too strong restrictions for the gNB scheduling, e.g. Option B1. 
Proposal: The solution handling the case when cap#2 is configured and a unicast PDSCH is scheduled by DCI format 1_0 and then followed by a unicast PDSCH scheduled by DCI format 1_1, should take both the feasibility of UE implementation and restriction of gNB scheduling into account. 
Conclusions 
Proposal: The solution handling the case when cap#2 is configured and a unicast PDSCH is scheduled by DCI format 1_0 and then followed by a unicast PDSCH scheduled by DCI format 1_1, should take both the feasibility of UE implementation and restriction of gNB scheduling into account. 
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