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1. Introduction
One issue in eURLLC/IIoT is overlap between dynamic grant PUSCH (DG) and configured grant (CG) transmission occasion. The Rel-15 specification provides handling of overlapping dynamic PUSCH and configured grant transmission. In this contribution, we first review the Rel-15 design and then provide our views on Rel-16 design.
2. Review on Rel-15 handling of CG and DG
In Rel-15, on overlapping DG PUSCH and CG PUSCH transmission occasion, it is specified in TS 38.214, that the UE does not expect a PDCCH scheduling the DG PUSCH which overlaps with a CG PUSCH transmission occasion to come within N2 symbols to the CG PUSCH transmission occasion. The treatment of overlapping DG PUSCH and CG PUSCH transmission occasion is captured in two paragraphs in Clause 6.1 of TS 38.214, which are referred as Rel-15 timeline condition below:

[Paragraph 1] A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of symbol  is not at least  symbols before the beginning of symbol . The value  in symbols is determined according to the UE processing capability defined in Subclause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH. 

[Paragraph 2] A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell for a given HARQ process, if there is a transmission occasion where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321] with the same HARQ process on the same serving cell starting in a symbol  after symbol , and if the gap between the end of PDCCH and the beginning of symbol  is less than  symbols. The value  in symbols is determined according to the UE processing capability defined in Subclause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
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Figure 1 Cases allowed and forbidden by [Paragraph 1], Clause 6.1, TS 38.214
In Figure 1, we illustrate 3 cases:
· Case 1: DG PUSCH-1 starts ahead of a CG transmission occasion, as PUSCH-1’s scheduling PDCCH is separated from the start of DG PUSCH-1 by at least N2 symbols, the timeline condition in [Paragraph 1] is met, the UE will not use the CG transmission occasion for CG PUSCH transmission.
· Case 2: DG PUSCH-2 starts no earlier than the CG transmission occasion, it is assumed the UE has enough time to decide to pursue transmission with PUSCH-2 rather than CG PUSCH over the CG transmission occasion as the scheduling PDCCH for PUSCH-2 starts at least N2 symbols ahead of the CG transmission occasion; 
· Case-3: PUSCH-3’s scheduling PDCCH comes less than N2 symbols prior to the start of the CG transmission occasion, and PUSCH-3 overlaps with the CG transmission occasion. We note that Case 3 is not supported by the specification.
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Figure 2 Cases allowed and forbidden by [Paragraph 2], Clause 6.1, TS 38.214
In Figure 2, we illustrate 2 cases:
· In case 4, PUSCH-5’s Scheduling PDCCH ends less than N2 symbols away from the start of the CG transmission occasion. If the HARQ process ID of PUSCH-5 would collide with the HARQ process ID associated with the CG transmission occasion, then that case is not allowed by specification;
· In case 5, PUSCH-6’s Scheduling PDCCH ends less than N2 symbols away from the start of the CG transmission occasion. If the HARQ process ID of PUSCH-6 does not collide with the HARQ process ID associated with the CG transmission occasion, then that case is allowed by specification;

With the review on the Rel-15 CG vs DG design, we conclude 
· If the grant for a DG PUSCH is sent at least N2 symbols before the start of a CG transmission occasion, any DG transmission is allowed (i.e. no restriction on HARQ process ID, no restriction on overlapping with CG transmission occasion, but at least N2 symbols between scheduling PDCCH and DG Tx);

· If the grant for a DG  PUSCH is sent at fewer than N2 symbols before the start of CG transmission occasion, as long as the DG PUSCH starts after the CG transmission occasion (the case that the DG PUSCH overlaps with the CG transmission occasion is excluded by “paragraph 1”; the case the DG PUSCH starts prior to the CG transmission occasion is not allowed as its gap to the scheduling PDCCH would be less than N2), and the DG PUSCH HARQ process ID does not overlap with any of the CG transmission occasion’s, then the DG PUSCH is allowed.


2. Review on relevant Rel-16 discussion
At RAN1 #99, the following conclusion was captured in Chairman’s Notes:
Conclusion
In Rel. 16 URLLC:
· The UE is not expected to be scheduled with two DG-PUSCH overlap in the time domain on the same carrier.
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Figure 3 Exclusion of DG vs DG in Rel-16

The exclusion of supporting DG overlapping with DG is illustrated in Figure 2;  the first thing to note on the conclusion is that the exclusion is un-conditional: it is not qualified by any condition such as processing timeline: overlapping DG PUSCHs are not allowed no matter what the value of Y1 or Y2 is for example.  Handling overlapping PUSCHs requires canceling of a first PUSCH and replacing the first PUSCH with a second PUSCH at some of the symbols where the first PUSCH resides (Cancellation and Replacement), which can be extremely challenging from UE implementation point of view. The fact no exception is allowed by the RAN1 #99 conclusion is a proof that cancellation and replacement is so difficult that no relaxation condition is expected to be a meaningful means to ease UE implementation substantially. Hence the cases excluded by the RAN1 #99 conclusion, which are not controversial, can be used as benchmarks to assess other overlapping PUSCH cases, and help decide whether those cases should be supported or not. 

When comparing the UE processing for DG PUSCH and CG PUSCH, a major difference is that for DG PUSCH, PDCCH demodulation and DCI parsing are required; for CG PUSCH, as it does have an associated scheduling DCI except for the very first transmission by activation DCI, we can associate a CG PUSCH with a hypothetical scheduling DCI if timeline related discussion is necessary.  Then overlapping PUSCHs with CG vs DG can be converted to an equivalent case of overlapping PUSCHs with DG vs DG, and one can see overlapping PUSCHs over CG vs DG is no better than overlapping PUSCHs with DG vs DG from UE implementation perspective. As  noted above, since the RAN1 #99 conclusion does not depend on any timeline condition, we can already conclude any other combinations of overlapping PUSCHs, such as CG vs DG, and CG vs CG should be excluded just as the combination of overlapping PUSCHs with DG vs DG, as RAN1 should be consistent on the reasoning for taking decisions on related issues.. 

We have
Observation 1: the RAN1 #99 conclusion concerning overlapping DG PUSCH is un-conditional – not depending on any timeline condition;

Observation 2: To be consistent in RAN1, other overlapping PUSCH cases such as CG vs DG and CG vs CG cause the same challenge in UE implementation as DG vs DG cases, hence they should not be supported in Rel-16 just as the overlapping PUSCHs with DG vs DG.

3. Further discussion on UCI enhancements related agreements

For UCI enhancements, the following were agreed at RAN1 #98bis and RAN1 #99:

Agreements:
For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.
· FFS details of processing timeline issues, e.g.
· How to handle the case where the timeline condition is not satisfied.
· Necessity of a new timeline.


Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where
· Tproc,2 is corresponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
The overlapping condition is per repetition of the uplink transmission


In Clause 6.1 of TS 38.214 (Rel-16, March 2020), a tentative text (enclosed in brackets) is included and copied below, which seems to be motivated by the agreement on UCI enhancements from RAN1 #99. We mark paragraphs in the text with different colors to map them to applicable cases shown in Table 1.
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Table 1 Treated scenarios by the tentative text in Clause 6.1, TS 38.214
We also note in the same Rel-16 specification (March 2020), the two paragraphs discussed in Section 1 are also retained. In the following, we examine UE behaviors for two scenarios:

· Scenario 1 where two conditions are enforced: 
· 1) if the DG PUSCH overlaps with the CG PUSCH transmission occasion, the scheduling PDCCH for DG PUSCH ends at least N2 symbols ahead of the start of CG PUSCH transmission occasion; 
· 2) if the scheduling PDCCH for the DG PUSCH ends at less than N2 symbols ahead of the start of CG PUSCH transmission occasion, the DG PUSCH does not overlap with the CG PUSCH transmission occasion and the HARQ process ID of the DG PUSCH is different from any HARQ process ID which can be associated with the CG PUSCH transmission occasion;
· Scenario 2 where no restriction on the scheduling PDCCH for DG PUSCH w.r.t. the start of CG PUSCH transmission occasion and/or HARQ process ID is imposed.

We first check the tentative text with Scenario 1 below.
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Figure 4 Scenario 1 with the tentative text: HP CG vs LP DG
In Figure 4,  we show a few cases:
· Case 6: LP DG PUSCH-8 starts earlier than the CG transmission occasion. If there is traffic arrival which leads to the use of HP CG PUSCH transmission, and the UE is already in the middle of processing/transmitting with PUSCH-8, then cancellation & replacement will happen, which is equally challenging for UE implementation as the cancellation & replacement between overlapping PUSCHs with DG vs DG. 
· Case 7: LP PUSCH-9 starts no earlier than the start of the HP CG transmission. In this case, the UE has enough time to decide to assemble only a MAC PDU for the HG CG, and the LP DG is dropped. 
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Figure 5 Scenario 1 with the tentative text: cases other than HP CG vs LP DG
In Figure 5, cases other than HP CG vs LP DG are illustrated, which are covered by the text in cyan:
· Case 8: HP PUSCH-1 starts earlier than the start of the LP CG transmission occasion. In this case, the LP CG is dropped in deference to the HP DG. 
· Case 9: HP PUSCH-10 starts no earlier than the start of the LP CG transmission occasion. Even though the text cyan prescribes the UE starts with the LP CG transmission first, then perform cancellation & replacement for HP PUSCH-10, a more reasonable solution for the UE is not to start the LP CG transmission in the first place, as the UE should have the foresight even if the LP CG is transmitted, it has to be cancelled later. 

From discussion above, it can be seen that for cases other than HP CG vs LP DG, the timeline condition in place allows the UE to implement in a way such that overlapping HP CG vs LP DG does not occur in PHY (i.e., there is sufficient time to resolve the collision in MAC), and the tentative text for the cancellation & replacement timeline is unnecessary. Rel-15 behavior would be sufficient for these cases already.

We then check the tentative text with Scenario 2 below.
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Figure 6 Scenario 2 with the tentative text: HP CG vs LP DG
· With LP DG PUSCH-8, here we also encounter cancellation & replacement as discussed under Case 6 above;
· For LP DG PUSCH-9A, its scheduling PDCCH ends at less than N2 symbols from the start of the HP CG. If the UE uses the HP CG transmission occasion for actual PUSCH transmission, then the LP DG is dropped; otherwise the UE may still transmit with LP DG PUSCH-9A.
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Figure 7 Scenario 2 with the tentative text: cases other than HP CG vs LP DG
As illustrated in Figure 7, for cases other than HP CG vs LP DG, if LP CG starts earlier than HP DG,  cancellation and replacement is unavoidable. 


We have 

Observation 3: if the tentative text in Clause 6.1 of TS 38.214 is adopted with either Scenario 1 or Scenario 2, cancellation & replacement becomes un-avoidable; then for overlapping PUSCHs with CG vs DG, UE implementation needs to deal with cases as challenging as encountered in overlapping PUSCHs with DG vs DG. 

Considering Observations 1-3, we have

Proposal 1: In Rel-16, a UE is not expected to handle overlapping PUSCHs with CG vs DG at physical layer.

Proposal 2: the tentative text in brackets in Clause 6.1 of TS 38.214 is removed.

4. Conclusions
In this contribution we share our views on remaining issues in eURLLC/IIoT. We have 

Observation 1: the RAN1 #99 conclusion concerning overlapping DG PUSCH is un-conditional – not depending on any timeline condition;

Observation 2: To be consistent in RAN1, other overlapping PUSCH cases such as CG vs DG and CG vs CG cause the same challenge in UE implementation as DG vs DG cases, hence they should not be supported in Rel-16 just as the overlapping PUSCHs with DG vs DG.

Observation 3: if the tentative text in Clause 6.1 of TS 38.214 is adopted with either Scenario 1 or Scenario 2, cancellation & replacement becomes un-avoidable; then for overlapping PUSCHs with CG vs DG, UE implementation needs to deal with cases as challenging as encountered in overlapping PUSCHs with DG vs DG. 

Proposal 1: In Rel-16, a UE is not expected to handle overlapping PUSCHs with CG vs DG at physical layer.

Proposal 2: the tentative text in brackets in Clause 6.1 of TS 38.214 is removed.
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[If [a UE reports the capability of intra-UE prioritization], and if a PUSCH corresponding to a configured grant and a

PUSCH scheduled by a PDCCH on a serving cell are partially or fully overlapping in time,

Otherwise, the UE shall cancel the PUSCH transmission corresponding to the configured grant at latest starting

M symbols after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, and transmit
the PUSCH scheduled by the PDCCH, where

- M=T,,,+td, whereT,,. ,is given by clause 6.4 for the corresponding PUSCH timing capability assuming
d, ;=0 and d, is determined by the reported UE capability [XXXXX],

- In this case, the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts
earlier than N symbols after the end of the last symbol of the PDCCH, where

- N=T,.,,+d, where T, ,is the PUSCH preparation time of the PUSCH scheduled by the PDCCH
using the associated PUSCH timing capability according to clause 6.4 and d, is determined by the
reported UE capability [YYYYY].

In case of PUSCH repetitions, the overlapping handling is performed for each PUSCH repetition separately.

—




image5.png
no priority

LP

HP

cG

no priority

LP

T S





image6.png
PDCCH f
DG PUSCH At|least N2

LP PUSCH-8

Tx

N2 HP CG transmission

PDCCH for M

DG PUSCH

B At least N2

LP PUSCH-9





image7.png
PDCCH for At least N2

DG PUSCH

> HP PUSCH-1

Tx

N2 LP CG transmission

PDCCH for
DG PUSCH

- At least N2 HP PUSCH-10

Cancellation of CG





image8.png
PDCCH for

DG PUSCH
Ty LP PUSCH-8

HP CG transmission

PDCCH for LP PUSCH-9A
DG PUSCH
Tx





image9.png
. <N2 . LP CG transmission

el At least N2
Tx

HP PUSCH-11

Tproc,2+d1

4'""""""""’ Cancellation of CG

Tproc,2+d2





image1.png
Sl At least N2

DG PUSCH >
Tx

CG transmission occasion

PDCCH for
DG PUSCH
Tx

At least N2 |

<N2
el

At least N2

> PUSCH-3





image2.png
CG transmission occasion (HARQ
processes ID:{K}

At|least N2 |
Iggclglljgcoﬁ At IeaSt N2 PUSCH-6 {HARQ process ID W}
Tx





image3.png
>N2
PDCCH-1 for DG

PDCCH-1 for DG
PUSCH-2





