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At RAN1 101-e, the Rel-15 behavior of DG PUSCH overriding CG PUSCH was clarified and a conclusion was reached:

Conclusion
In Rel.15, for a DG PUSCH scheduled by a DCI overriding a CG PUSCH configured with repetition factor K>1,
· If the HARQ process is the same between the DG and the CG, DG overrides all remaining repetition occasions after the end of PDCCH reception, under the timeline specified in TS 38.214 section 6.1.
· Otherwise, DG overrides only the CG repetition overlapped with DG, under the timeline specified in TS 38.214 section 6.1.

In this contribution, we discus Rel-16 DG/CG overriding behavior considering new enhancements introduced in Rel-16, which include:
· PUSCH repetition A and PUSCH repetition type B
· Multiple configured grant configurations on the same BWP
· Physical layer priority for PUSCH
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For CG and DG transmissions each with single slot transmission, the DG scheduling time restriction in Rel-15 concerning DG/CG transmission is clearly specified in TS 38.214 and TS 38.321. 

However, the handling is not clear for the case where slot aggregation is configured for CG PUSCH and a single slot transmission or slot aggregation is used for DG PUSCH.  

At RAN1 #101-e, the following was discussed and concluded:

101-e-NR-L1enh-URLLC-eCG-01] – Lihui (vivo)
Possible RAN1 conclusion on per PUSCH repetition cancellation and CG-CG/DG with different priorities by 5/29
· Issue#1: Discuss and draw RAN1 conclusion on per PUSCH repetition cancellation. The following proposal for conclusion is to be used as a starting point for discussions but can be revised further
· In Rel.15, for CG PUSCH configured with repetition factor K>1, in case there is collision between DG PUSCH and CG PUSCH, the timeline is defined by the starting symbol of a CG-PUSCH repetition that overlaps with the DG PUSCH within a bundle (i.e., DG-PUSCH overrides CG-PUSCH is per repetition).
· If the HARQ process is the same between CG and DG, UE terminates all remaining repetitions.
· Otherwise, only overlapped repetitions are terminated.
· In Rel.15, for DG and CG with the same HARQ process and without resource collision, DG overrides CG under the timeline defined in TS 38.214 section 6.1.
· Issue#2: Discussion on CG-CG/DG with different priorities

Conclusion
In Rel.15, for a DG PUSCH scheduled by a DCI overriding a CG PUSCH configured with repetition factor K>1,
· If the HARQ process is the same between the DG and the CG, DG overrides all remaining repetition occasions after the end of PDCCH reception, under the timeline specified in TS 38.214 section 6.1.
· Otherwise, DG overrides only the CG repetition overlapped with DG, under the timeline specified in TS 38.214 section 6.1.


As either or both CG and DG can be with slot aggregation/slot repetition, in our view it is helpful to enumerate all the cases covered by the RAN1 #101-e conclusion and check whether there are any different understandings among companies. Our understanding can be stated as follows:
 In Rel-15 NR, that DG (Dynamic grant PUSCH) overrides CG (Configuration grant PUSCH) is supported when the timeline conditions are satisfied:
· If the DG has a different HARQ Process ID from that of the CG’s:
a. In scenario 1, the DG is a single transmission, the CG is a single transmission, if the CG collides with the DG, then the CG is dropped or overridden, and the UE conducts transmission with the DG;
b. In scenario 2, the DG is single transmission, the CG is with slot aggregation, if a CG transmission at an occasion collides with the DG, then the CG transmission at that occasions is dropped or overridden, and the UE conducts transmission with the DG; for transmission occasions not colliding the DG, CG transmissions are conducted by the UE;
i. If the first transmission of CG is overridden, then the CG is dropped. For example, if the CG redundancy version sequence is [0303], and the very first transmission with redundancy version 0 is cancelled, then the UE does not transmit over the second repetition which would be associated with redundancy version 3. However, if the UE is allowed to transmit from the third transmission occasion which is associated with redundancy version 0.
c. In scenario 3, the DG is with slot aggregation, the CG is with slot aggregation too. If a CG transmission at an occasion collides with a DG transmission, then the CG transmission at that occasions is dropped or overridden, and the UE conducts transmission with the DG transmission; for CG transmission occasions not colliding any DG transmissions, CG transmissions are conducted by the UE;
i. If the first transmission of CG is overridden, then the CG is dropped. For example, if the CG redundancy version sequence is [0303], and the very first transmission with redundancy version 0 is cancelled, then the UE does not transmit over the second repetition which would be associated with redundancy version 3. However, if the UE is allowed to transmit from the third transmission occasion which is associated with redundancy version 0.
ii. 
d. In scenario 4, the DG is with slot aggregation, the CG is with a single slot transmission; the treatment for the first transmission of the DG and CG follows scenario 1.

· If the DG has the same HARQ Process ID from that of the CG’s:
a. In scenario 1, the DG is a single transmission, the CG is a single transmission, if the CG collides with the DG, then the CG is dropped or overridden, and the UE conducts transmission with the DG;
b. In scenario 2, the DG is single transmission, the CG is with slot aggregation, if a CG transmission at an occasion collides with the DG, then the CG transmission at that occasion and subsequent occasions are dropped (or overridden), and the UE conducts transmission with the DG;
c. In scenario 3, the DG is with slot aggregation, the CG is with slot aggregation too.  If a CG transmission at an occasion collides with a DG transmission, then the CG transmission at that occasion and subsequent occasions are dropped (or overridden), and the UE conducts transmission with the DG transmission;
d. In scenario 4, the DG is with slot aggregation, the CG is with a single slot transmission; the treatment for the first transmission of the DG and CG follows scenario 1.

Several examples are illustrated in Figure 1 and Figure 2.
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Figure 1 Rel-15 UE behavior according to RAN1 101-e clarification
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Figure 2 Rel-15 UE behavior following RAN1 101-e clarification

[bookmark: _Toc47708970]Extension to the Rel-15 overriding rules for PUSCH repetition Type B
Considering the introduction of PUSCH repetition type A and PUSCH repetition B, ignore other aspects such as 1) multiple configured grant configurations on a BWP 2) physical layer priority for the time being, the Rel-15 rules need to be extend to cover one or both of CG/DG PUSCHs is/are with PUSCH repetition A/PUSCH repetition B. As discussed before, due to similarity between PUSCH with slot aggregation and PUSCH repetition A, we can group them together for the discussion below.

	
	CG PUSCH

	









DG PUSCH
	
	Single slot PUSCH (case S)
	PUSCH with slot aggregation/PUSCH repetition type A (case A)
	PUSCH repetition type B (case B)

	
	Single slot PUSCH (case S)
	



Follow Rel-15 timing requirements;

PUSCH repetition type A follows PUSCH aggregation’s treatment
	Follow Rel-15 timing requirements; DG PUSCH overrides any CG PUSCH repetition(s)
Discussion (3)


	
	PUSCH with slot aggregation/PUSCH repetition type A (case A)
	
	Follow Rel-15 timing requirements; DG PUSCH overrides any CG PUSCH repetition(s)
Discussion (4)

	
	PUSCH repetition type B (case B)
	Discussion (1)
	Discussion (2)
	Repetition type B by repetition type B
Discussion (5)



Discussion (1)
If all OFDM symbols in PUSCH repetition B’s nominal repetitions are used in the transmission, the Rel-15 overriding rules can be reused. However, if the single slot CG PUSCH overlaps with the DG PUSCH’s nominal repetitions but does not overlap with any actual repetition of the DG PUSCH’s, hence we need to clarify whether the Rel-15 overriding rules are extended to PUSCH repetition B with overlapping nominal repetitions or actual repetitions.
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Figure 3 DG nominal repetition overlaps with CG PUSCH, but no actual repetition overlaps with CG PUSCH
Proposal 1: clarify testing DG/CG overlapping, whether nominal repetitions or actual repetitions are used.
· Option 1: If a single slot PUSCH overlaps with any nominal repetition of second PUSCH transmission with PUSCH repetition type B, those two PUSCHs are considered to be overlapping.
· Option 2: only when a single slot PUSCH overlaps with at least one actual repetition of second PUSCH transmission with PUSCH repetition type B, those two PUSCHs are considered to be overlapping.



Considering if a DG PUSCH with slot aggregation does not overlap with a CG PUSCH (with a single slot transmission or slot aggregation), both DG PUSCHs and CG PUSCHs are allowed. We can actually support the Option 2 above.

Discussion (2)
Considering discussion (1), the rule from Discussion (1) can be applied to each transmission of repetition Type A/slot aggregation with the CG.

Discussion (3)
Considering the discussion above, the rule from Discussion (1) can be applied to each transmission of repetition Type B with the CG.

Discussion (4)
While in principle, the above treatments can be followed, however we need to handle the interlaced transmission case. One example is given below. As the DG overrides CG transmissions, but CG-3 does not overlap with any DG transmissions, one possible behavior is captured in the Figure 2, where for the case where the DG HPID is different from the CG HPID, essentially each actual repetition in the CG PUSCH is checked against on a repetition-by-repetition basis. Alternatively, another behavior as shown in Figure 3 can be also considered. Without considering other aspects of physical layer priority and multiple CG configurations on a BWP, UE behavior 1 seems reasonable. 
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Figure 4 UE behavior 1: supporting interlaced transmissions
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Figure 5 UE behavior 2: not supporting interlaced transmissions
Discussion (5) 
Considering discussion (1), the rule from Discussion (1) can be applied to each transmission of repetition Type B with the CG.
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With the extension of Rel-15 behavior to PUSCH repetition type B discussed in Section 4, we treat DG/CG overriding behavior due to physical layer priority and multiple configured grant in this section.

We assume any dropping due to semi-static configuration is done before checking overlapping channels, but not the ones due to dynamic SFI.
[bookmark: _Toc47708975]Physical layer priority

Concerning physical layer priority, as some PUSCHs, such as PUSCH scheduled by DCI format 0_0, or CG PUSCH with a CG configuration not configured with a physical layer priority, are not associated with physical layer priority, they should be treated as LP (low priority) in the design descripted below.

From that, for either CG or DG, there are two levels of priority: {no priority/low priority}, {high priority}. 

Transmission rules concerning DG and CG can be viewed below.

The combinations shown in cyan follow the Rel-15 extension behavior discussed in Section 4; and we focus on the combination shown in green in the table.
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	2) repetition by repetition overriding with extension to repetition type A and repetition Type B




If the HPID of the HP CG is different from that of the LP DG, repetition by repetition overlap handling, similar to the discussion in Section 4, can be used. 
If the HPID of the HP CG is the same as that of the LP DG, there can be three options:
· Option 1: a UE is prohibited from using a HP CG if its HPID would collide with DG’s. 
· Option 2: a UE can use a HP CG with the same HPID as the LP DG’s, and starting from the first repetition of a DG among repetitions of the DG overlapping with a HP CG, all remaining repetitions of the DG are dropped. 
· Option 3: a UE just performs repetition by repetition overlap handling, similar to the discussion in Section 4. It is up to gNB to ensure soft bits for different transport blocks under the same HPID are not mixed up. 
We have
Proposal 2: If the HPID of the HP CG is the same as that of the LP DG, three options below are considered:
· Option 1: a UE is prohibited from using a HP CG if its HPID would collide with DG’s. 
· Option 2: a UE can use a HP CG with the same HPID as the LP DG’s, and starting from the first repetition of a DG among repetitions of the DG overlapping with a HP CG, all remaining repetitions of the DG are dropped. 
· Option 3: a UE just performs repetition by repetition overlap handling, similar to the discussion in Section 4. It is up to gNB to ensure soft bits for different transport blocks under the same HPID are not mixed up.
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In Rel-16, as multiple configured grant configurations are supported on the same BWP, a first clarification is whether a later CG with the same physical layer priority is allowed to override an earlier CG. Assume such a UE behavior is supported, it becomes beneficial to clarify the UE behavior, as gNB blind detection could become onerously difficult if no rule is established and essentially the gNB receiver would need to attempt the decoding of each possible configured grant; which is also detrimental to system performance and may discourage network from utilizing configured grants, and in the end hurts UE experience. 
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Assume CG 1 and CG 2 are of the same physical layer priority, and CG 2’s transmission occasion is after CG 1’s transmission occasion, there are two options concerning them:
· [same]CGCG-Option 1: If CG 1 and CG 2 are at the same physical layer priority, CG 2 is not allowed to override CG 1;
· [same]CGCG Option 2: CG 2 is allowed to override CG 1.

For [same]CGCG -Option 2, we also need to decide the UE behaviors for the case where CG 1 and CG 2 shares the same HPID and the case where they are with different HPIDs. 

If the HPID of the CG 1 is different from that of the CG 2, repetition by repetition overlap handling, similar to the discussion in Section 4 can be used. 
 If both CGs are associated with the same HPID:

· [same]CGCG -Option 2-1: a UE is prohibited from using a second(later) CG if its HPID would collide with a first CG’s. 
· [same]CGCG-Option 2-2: a UE can use a second (later) CG with the same HPID as the first CG’s, and starting from the first repetition of the first CG among repetitions of the first CG overlapping with the second CG, all remaining repetitions of the first CG are dropped. 
· [same]CGCG -Option 2-3: a UE just performs repetition by repetition overlap handling for two CGs. It is up to gNB to ensure soft bits for different transport blocks under the same HPID are not mixed up.
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Assume CG 1 and CG 2 are of different physical layer priorities, CG 1 should be allowed to override CG 2. 

We also need to decide the UE behaviors for the case where  CG 1 and CG 2 shares the same HPID and  the case where they are with different HPIDs. 

If the HPID of the HP CG is different from that of the LP CG, repetition by repetition overlap handling, similar to the discussion in Section 4 can be used.

If both CGs are associated with the same HPID:

· [Diff]CGCG-Option 1: a UE is prohibited from using a second (HP) CG if its HPID would collide with a first (LP) CG’s. 
· [Diff]CGCG-Option 2: a UE can use a second (HP) CG with the same HPID as the first (LP) CG’s, and starting from the first repetition of the first CG among repetitions of the first CG overlapping with the second CG, all remaining repetitions of the first CG are dropped. 
· [Diff]CGCG-Option 3: a UE just performs repetition by repetition overlap handling for two CGs. It is up to gNB to ensure soft bits for different transport blocks under the same HPID are not mixed up.


[bookmark: _Toc47708980]Discussion on nested transmission

Due to the support of multiple CGs on a BWP, nested transmission may arise as shown in the Figure below.
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Figure 6 Nested transmission due to multiple overriding

Depending on options in Section 5.2.1 and 5.2.2, nested transmission may prove challenging to UE implementation. From that, it also makes sense to limit the number of nested levels. We can limit the number of nested transmission levels to X. And at any time, up to X-1 levels of nested transmissions are allowed for CGs so to reserve one level for potential DG overriding.

In summary, we have

Proposal 3: consider the following options for CGs at the same physical priority:

· Option 1: If CG 1 and CG 2 are at the same physical layer priority, CG 2 is not allowed to override CG 1;
· Option 2: CG 2 is allowed to override CG 1.
· If the HPID of the CG 1 is different from that of the CG 2, repetition by repetition overlap handling is used.
· If both CGs are associated with the same HPID:

· Option 2-1: a UE is prohibited from using a second(later) CG if its HPID would collide with a first CG’s. 
· Option 2-2: a UE can use a second (later) CG with the same HPID as the first CG’s, and starting from the first repetition of the first CG among repetitions of the first CG overlapping with the second CG, all remaining repetitions of the first CG are dropped. 
· Option 2-3: a UE just performs repetition by repetition overlap handling for two CGs. It is up to gNB to ensure soft bits for different transport blocks under the same HPID are not mixed up.
Proposal 4: consider the following options for CGs at the different physical priorities:
· If the HPID of the HP CG is different from that of the LP CG, repetition by repetition overlap handling is used.

· If both CGs are associated with the same HPID:

· Option 1: a UE is prohibited from using a second (HP) CG if its HPID would collide with a first (LP) CG’s. 
· Option 2: a UE can use a second (HP) CG with the same HPID as the first (LP) CG’s, and starting from the first repetition of the first CG among repetitions of the first CG overlapping with the second CG, all remaining repetitions of the first CG are dropped. 
· Option 3: a UE just performs repetition by repetition overlap handling for two CGs. It is up to gNB to ensure soft bits for different transport blocks under the same HPID are not mixed up.


Proposal 5: If nested transmissions are allowed, limit the number of nested transmission levels to X. And at any time, up to X-1 levels of nested transmissions are allowed for CGs so to reserve one level for potential DG overriding.



[bookmark: _Toc47708981] Conclusion
In this contribution, we discus Rel-16 DG/CG overriding behavior considering new enhancements introduced in Rel-16, which include:
· PUSCH repetition A and PUSCH repetition type B
· Multiple configured grant configurations on the same BWP
· Physical layer priority for PUSCH

We have 
Proposal 1: clarify testing DG/CG overlapping, whether nominal repetitions or actual repetitions are used.
· Option 1: If a single slot PUSCH overlaps with any nominal repetition of second PUSCH transmission with PUSCH repetition type B, those two PUSCHs are considered to be overlapping.
· Option 2: only when a single slot PUSCH overlaps with at least one actual repetition of second PUSCH transmission with PUSCH repetition type B, those two PUSCHs are considered to be overlapping.

Proposal 2: If the HPID of the HP CG is the same as that of the LP DG, three options below are considered:
· Option 1: a UE is prohibited from using a HP CG if its HPID would collide with DG’s. 
· Option 2: a UE can use a HP CG with the same HPID as the LP DG’s, and starting from the first repetition of a DG among repetitions of the DG overlapping with a HP CG, all remaining repetitions of the DG are dropped. 
· Option 3: a UE just performs repetition by repetition overlap handling, similar to the discussion in Section 4. It is up to gNB to ensure soft bits for different transport blocks under the same HPID are not mixed up.

Proposal 3: consider the following options for CGs at the same physical priority:

· Option 1: since CG 1 and CG 2 are at the same physical layer priority, CG 2 is not allowed to override CG 1;
· Option 2: CG 2 is allowed to override CG 1.
· If the HPID of the CG 1 is different from that of the CG 2, repetition by repetition overlap handling is used.
· If both CGs are associated with the same HPID:

· Option 2-1: a UE is prohibited from using a second(later) CG if its HPID would collide with a first CG’s. 
· Option 2-2: a UE can use a second (later) CG with the same HPID as the first CG’s, and starting from the first repetition of the first CG among repetitions of the first CG overlapping with the second CG, all remaining repetitions of the first CG are dropped. 
· Option 2-3: a UE just performs repetition by repetition overlap handling for two CGs. It is up to gNB to ensure soft bits for different transport blocks under the same HPID are not mixed up.

Proposal 4: consider the following options for CGs at the different physical priorities:
· If the HPID of the HP CG is different from that of the LP CG, repetition by repetition overlap handling is used.

· If both CGs are associated with the same HPID:

· Option 1: a UE is prohibited from using a second (HP) CG if its HPID would collide with a first (LP) CG’s. 
· Option 2: a UE can use a second (HP) CG with the same HPID as the first (LP) CG’s, and starting from the first repetition of the first CG among repetitions of the first CG overlapping with the second CG, all remaining repetitions of the first CG are dropped. 
· Option 3: a UE just performs repetition by repetition overlap handling for two CGs. It is up to gNB to ensure soft bits for different transport blocks under the same HPID are not mixed up.


Proposal 5: If nested transmissions are allowed, limit the number of nested transmission levels to X. And at any time, up to X-1 levels of nested transmissions are allowed for CGs so to reserve one level for potential DG overriding.
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