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1 [bookmark: _Ref40465791]Introduction
In this contribution, we highlight a critical issue with Rel-15/16 specifications for support of Capability 2 based minimum UE processing time for PDSCH processing in a serving cell in relation to DCI format 1_0. 
This is an updated version of [2] with further clarifications on the possible interpretations of current specifications and related updates to the observation and proposal in the paper.
2 Discussion
During Rel-15 specification development, a basic design principle that was followed during specifying minimum UE processing times for PDSCH processing and PUSCH preparation is to avoid dynamic fallback to Capability 1 (Cap 1) in a cell configured with Capability 2 (Cap 2), with a single exception of the case of 30 kHz SCS for a UE reporting capability per pdsch-ProcessingType2-Limited. The primary reason is to avoid overlaps between the processing timeline for a “slow PDSCH” that may require Cap 1 processing time followed by a “fast PDSCH” that may require Cap 2 based processing time. 

Consequently, it was also agreed that if a UE is configured with additional DMRS for PDSCH in a serving cell by higher layers, then only Cap 1-based PDSCH processing time applies in the cell although, depending on the PDSCH length, no additional DMRS symbols may be present in a PDSCH. Here, it should be noted that simply avoiding OOO HARQ-ACK feedback between the two PDSCHs is not sufficient to enable pipelined UE implementation as the processing timelines for the two PDSCHs may still overlap although the corresponding HARQ-ACK feedback timings are “in-order”. 

Further, for the case of pdsch-ProcessingType2-Limited, it has been specified that, in a serving cell configured with Cap 2 in pdsch-Config, a UE can drop any PDSCH scheduled with more than 136 PRBs (and thus, falling back to Cap 1 processing time) that may fall within 10 symbols prior to start of a PDSCH scheduled to follow Cap 2 processing time [1], Subclause 5.3:

	For UE processing capability 2 with scheduling limitation when µPDSCH = 1, if the scheduled RB allocation exceeds 136 RBs, the UE defaults to capability 1 processing time. The UE may skip decoding a number of PDSCHs with last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Capability 2, if any of those PDSCHs are scheduled with more than 136 RBs with 30kHz SCS and following Capability 1 processing time.



However, according to TS 38.214, Subclause 5.1.6.2, we have [1]:
	When receiving PDSCH scheduled by DCI format 1_0 or receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, maxLength and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B (described in clause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE and in addition
-	For PDSCH with mapping type A and type B, the UE shall assume dmrs-AdditionalPosition='pos2' and up to two additional single-symbol DM-RS present in a slot according to the PDSCH duration indicated in the DCI as defined in Clause 7.4.1.1 of [4, TS 38.211], and
-	For PDSCH with allocation duration of 2 symbols with mapping type B, the UE shall assume that the PDSCH is present in the symbol carrying DM-RS.



It can be seen from the above that for PDSCH scheduled by DCI format 1_0, presence of additional DMRS symbols in ‘pos2’ is always assumed, irrespective of configuration of additional DMRS via higher layers. Thus, when the PDSCH scheduled by DCI format 1_0 is longer than a certain duration, additional DMRS symbols, beyond the FL DMRS symbol is assumed by the UE following TS 38.211.
If the UE is expected to process the additional DMRS symbols (which would be the typical behavior when UE is specified to assume presence of additional DMRS in ‘pos2’), it would naturally need to fall back to Cap 1 processing time although Cap 2 may be configured in the serving cell.
This means that effectively, there exists scenarios with dynamic fall back to Cap 1 with additional DMRS in a DL cell configured with Cap 2 whenever DCI format 1_0 is used to schedule a PDSCH. Not only does it impact the effectiveness of Cap 2 feature as DCI format 1_0 may not be used to schedule PDSCH to follow Cap 2, a much more serious impact would be in terms of overlapping of processing timelines if a PDSCH scheduled by DCI format 1_1 (a “fast PDSCH”) is preceded immediately (within X symbols from start of the fast PDSCH, where ‘X’ can be as large as the minimum processing times per Cap 1 with additional DMRS) by a PDSCH scheduled by DCI format 1_0 (a “slow PDSCH”). Currently, there is no provision in the specifications that can guarantee a UE with sufficient processing time for each PDSCH or allow the UE to drop the PDSCH scheduled by DCI format 1_0.
While the above interpretation was shared by multiple companies during RAN1 #104b-E and in some contributions to RAN1 #105-e as part of maintenance for  Rel-16 URLLC, a further examination of the current specifications in Subclause 5.3 of TS 38.213 indicates that fallback to Cap 1 for such a PDSCH may not be allowed by specs. 
In detail, a UE is expected to follow Cap 2 timing even for a PDSCH scheduled by DCI format 1_0 with presence of additional DMRS symbols. This applies to the case when the UE is configured with Capability 2 in a DL serving cell and dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB and a PDSCH is scheduled by DCI format 1_0 with value of ld greater than 7 symbols (for Type A PDSCH) or 4 symbols (for Type B PDSCH). In this case, the left column in Table 5.3-2 of TS 38.214 applies for such a PDSCH as well. However, achieving Cap 2 timeline would likely not be feasible in this case if the UE is to utilize the additional DMRS symbol(s). 
Observation 1:
· According to Rel-15/16 specifications, for a UE configured with Cap 2 in a DL serving cell and configured with dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, a PDSCH scheduled by DCI format 1_0 with ld greater than 7 symbols or 4 symbols for PDSCH mapping types A and B respectively, is expected to follow Capability 2 processing timeline. 
· A possible alternate interpretation (although not strictly following from current specs) for a UE configured with Cap 2 in a DL serving cell, PDSCH scheduled by non-fallback DCI formats (formats 1_1 or 1_2) may follow Cap 2 while PDSCH scheduled by fallback DCI format (format 1_0) may fall back to Cap 1 processing time for additional DMRS.  
· Both interpretations indicate UE implementations that may not be feasible.

Considering the possible alternate interpretation that was shared by some companies during RAN1 #104b-e meeting, we examine the exact processing time values for the different cases of interest; Subclause 5.3 in [1]:
	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 (= 13 or 14)

	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






Comparing the highlighted rows between Cap 1 additional DMRS and Cap 2 processing times, it can be seen that the difference is significant: 10 or 11 symbols, 8.5 symbols, and 11 symbols for applicable µ = 0, 1, 2 respectively, that leads to a scenario very similar to the case of UE indicating support of pdsch-ProcessingType2-Limited.
Here, it is acknowledged that there exist other examples wherein two PDSCHs in a DL cell may follow different minimum UE processing times. Specifically, these correspond to cases wherein additional processing time margins are provisioned for special cases outlined in Subclause 5.3 in [1]. However, these differences, given a particular processing time capability (1 or 2), are not as large as the above example, with the maximum possible difference being 4 symbols for the following case when a PDSCH with Type A mapping may end in symbol #3 of a slot:
	- For the PDSCH mapping type A as given in clause 7.4.1.1 of [4, TS 38.211]: if the last symbol of PDSCH is on the i-th symbol of the slot where i < 7, then d1,1 = 7 - i, otherwise d1,1 = 0


  
At the same time, given the expected typicality of PDSCH being scheduled by DCI format 1_0 even in a cell configured with Cap 2, the issue is clearly not a “corner case”. 
A few possible general directions that may be considered in this regard to address the issue at hand are presented next:
Option 1: When configured with Cap 2 on a DL cell, a UE may be expected to process a PDSCH scheduled by DCI format 1_0 by not processing any additional DMRS symbols for channel estimation, and thus, be expected to follow Cap 2 timing. In this case, the UE should not be expected to support demodulation performance for such PDSCH using any additional DMRS symbols.
Option 2: When configured with Cap 2 on a DL cell, similar to the case of UE reporting , a UE may fallback to Cap 1 (w/ additional DMRS) timing and be allowed to drop a number of “slow PDSCHs” scheduled by DCI format 1_0 within a time window of X symbols before the start of a PDSCH scheduled to follow Cap 2 timing. 
Option 3: When configured with Cap 2 on a DL cell, a UE always assumes ‘pos0’ for all PDSCH, regardless of DCI formats. 
Option 4: When configured with Cap 2 on a DL cell, a UE relies on gNB scheduling to guarantee that such scheduling of two PDSCHs with overlapping processing timelines due to dynamic fallback to Cap 1 (w/ additional DMRS) timing. 
As can be seen from the above, some of these are NBC changes, while there may be other options possible to address the issue. 

In this regard, it is imperative that RAN1 discusses the issue further to first clarify the expected UE and NW behavior for Rel-15 and Rel-16 respectively. While it is understandable that a NBC change for Rel-15 is not desirable, the expected UE behavior still needs to be clarified. On the other hand, it would be desirable if the issue is addressed via specifications for Rel-16. 

Proposal 1:
· For Rel-15 and Rel-16, clarify the expected UE and NW behaviors and processing timeline for a PDSCH scheduled by DCI format 1_0 with ld > 7 (for PDSCH mapping type A) or ld > 4 (for PDSCH mapping type B)  when configured with Cap 2 processing time in a DL cell and dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB in the active DL BWP of the DL cell.

It should also be noted that depending on the outcome of this issue, there is dependency on solutions for handling of PDSCH processing time definitions for PDSCH scheduled by DCI format 1_2, as part of maintenance for Rel-16 eURLLC.
3 Conclusion
In this contribution, we highlighted a critical issue with Rel-15/16 specifications for support of Capability 2 based minimum UE processing time for PDSCH processing in a serving cell in relation to DCI format 1_0. Based on the presented discussion, our views can be summarized via the following observation and proposal.
Observation 1:
· According to Rel-15/16 specifications, for a UE configured with Cap 2 in a DL serving cell and configured with dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, a PDSCH scheduled by DCI format 1_0 with ld greater than 7 symbols or 4 symbols for PDSCH mapping types A and B respectively, is expected to follow Capability 2 processing timeline. 
· A possible alternate interpretation (although not strictly following from current specs) for a UE configured with Cap 2 in a DL serving cell, PDSCH scheduled by non-fallback DCI formats (formats 1_1 or 1_2) may follow Cap 2 while PDSCH scheduled by fallback DCI format (format 1_0) may fall back to Cap 1 processing time for additional DMRS.  
· Both interpretations indicate UE implementations that may not be feasible.
Proposal 1:
· For Rel-15 and Rel-16, clarify the expected UE and NW behaviors and processing timeline for a PDSCH scheduled by DCI format 1_0 with ld > 7 (for PDSCH mapping type A) or ld > 4 (for PDSCH mapping type B)  when configured with Cap 2 processing time in a DL cell and dmrs-AdditionalPosition = 'pos0' in DMRS-DownlinkConfig in both of dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB in the active DL BWP of the DL cell.
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