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Configured grants may be superseded by dynamic grants, but when a grant-free PUSCH overlaps with a PUCCH, 3GPP specifications should define an appropriate deadline after which the UE is not expected to receive any PDCCH that includes DCI format 0_0 or DCI format 0_1 indicating a dynamic grant that effectively cancels the grant-free PUSCH. 
When the PUCCH/PUSCH multiplexing timeline conditions were introduced, the cancelation of grant-free PUSCH was not considered and as a result the current specifications do not define this deadline. Consequently, when this type of scenario occurs, the UE is either unable to evaluate the overlap between PUCCH and grant-free PUSCH (as shown in this paper using Scenario 1), or the UE time budget to configure PUCCH transmission is significantly reduced (as shown in Scenario 2). 
This paper proposes several alternatives to define this deadline. 
2. Scenarios under Discussion
A grant-free PUSCH transmission may be cancelled in the following cases:
a. When the UE receives PDCCH that includes DCI format 0_0 or DCI format 0_1 indicating the transmission of PUSCH that overlaps on at least one symbol with the grant-free PUSCH (see Figure 1). The HARQ process used by the dynamic grant may be the same or different than the one used by the configured grant. 

b. When the UE receives a PDCCH that includes DCI format 0_0 or DCI format 0_1 indicating the transmission of a PUSCH that precedes, but does not overlap with the grant-free PUSCH, and it uses the same HARQ process as the grant-free PUSCH. This causes the restart of the configuredGrantTimer for the corresponding HARQ process and could cause the cancelation of the grant-free PUSCH if the timer is still running (see Figure 2).  



Figure 1: Example of grant-free PUSCH being cancelled due to arrival of overlapping dynamic grant.



Figure 2: Example of grant-free PUSCH being cancelled due to arrival of non-overlapping dynamic grant that shares the same HARQ process ID.

These different types of grant-free cancellation cases create the two scenarios discussed in this section. In both scenarios UCI from PUCCH on a smaller subcarrier spacing cell overlaps with a grant-free PUSCH on a larger subcarrier spacing cell. Moreover, in both scenarios the grant-free PUSCH is effectively cancelled as a result of receiving a PDCCH that includes DCI format 0_0 or DCI format 0_1 indicating to transmit PUSCH. In the first scenario (Figure 3), as described in the cancellation case ‘a’, the grant-free PUSCH is cancelled because it overlaps with the dynamic PUSCH. In the second scenario (Figure 4), as described in the cancellation case ‘b’, the grant-free PUSCH is cancelled because the grant-free PUSCH and the dynamic PUSCH both use the same HARQ process and its associated configuredGrantTimer is restarted when the dynamic grant is received.




Figure 3: Scenario 1 shows grant-free PUSCH overlapping with a PUCCH as well as with a dynamic PUSCH that is not considered under any PUCCH/PUSCH multiplexing timing conditions since it does not overlap with the PUCCH.



Figure 4: Scenario 2 shows a PUCCH overlapping with a grant-free PUSCH that might be cancelled by the arrival of a PDCCH that restarts the same configuredGrantTimer used by the grant-free PUSCH.

The current specification does not define a deadline after which the UE is not expected to receive any PDCCH that effectively would cancel a grant-free PUSCH when it is overlapping with a PUCCH.  The late cancellation of this grant-free PUSCH causes the following issues:
1. In scenario 1 (Figure 3), if a grant-free PUSCH that multiplexes UCI from an overlapping PUCCH was cancelled by the late arrival of a PDCCH, the UE would not be able to configure the original transmission of the PUCCH, as the start boundary of the PUCCH could be before the end of the PDCCH that cancels the grant-free PUSCH. 

2. In scenario 2 (Figure 4), when the grant-free PUSCH is not cancelled by the received PDCCH, the UE is left with a reduced time budget (less than N3 symbols) to cancel the PUCCH transmission and multiplex UCI on the grant-free PUSCH. 

The issues described in scenario 1 and scenario 2 may be addressed by adopting proposal 1 and proposal 2, respectively. 

3. Proposal
Proposal 1:  Define a deadline after which the UE is not expected to receive any PDCCH that includes DCI format 0_0 or DCI format 0_1 indicating transmission of PUSCH and overlapping with a grant-free PUSCH that overlaps with a PUCCH.
Add text to clarify that existing PUCCH/PUSCH multiplexing timeline conditions described in section 9.2.5 of 38.213 could be interpreted to in a way that already defines such deadline and ensures the UE is not expected to receive dynamic PUSCH that would cancel a grant-free PUSCH when it is overlapping with PUCCH later than N2 symbols before start of the PUCCH:
· Clarify that “overlapping PUCCH(s) and PUSCH(s)” in the paragraph below applies to the case when grant-free PUSCH overlaps with both a PUCCH and a dynamic PUSCH, which is not overlapping with the PUCCH.

From section 38.213/9.2.5: “If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met.”

· Clarify the that-clause “does not satisfy the above timing conditions” in the paragraph below applies to the dynamic PUSCH that overlaps with the grant-free PUSCH but not with the PUCCH as detailed below.

This paragraph from section 38.213/9.2.5: “A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions.“ shall be interpreted as follows:

1. “A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection [...]” -> The PUSCH in this sentence shall be interpreted as a reference to the dynamic grant PUSCH that overlaps with the grant-free PUSCH and does not overlap with the PUCCH.

2. “[…] to overlap with any other PUCCH or PUSCH […]”-> The PUSCH in this sentence shall be interpreted as a reference to the grant-free PUSCH that is overlapping with PUCCH. 

3. “[…] that does not satisfy the above timing conditions. “ -> This that-clause shall be applied to all PUCCH/PUSCH transmission including the dynamic grant-free PUSCH.

Proposal 2: Define a deadline after which the UE is not expected to receive any PDCCH that includes DCI format 0_0 or DCI format 0_1 indicating transmission of a PUSCH that uses the same HARQ process as the one used by a grant-free PUSCH that overlaps with a PUCCH.
Add new text to ensure that the PUCCH/PUSCH multiplexing timing conditions described in section 9.2.5 of 38.213 consider the reception of a PDCCH that includes DCI format 0_0 or DCI format 0_1 indicating to restart the same configuredGrantTimer as the one used by a grant-free PUSCH that is overlapping with a PUCCH. Therefore, the UE shall not be expected to receive a PDCCH that restarts the same configuredGrantTimer as the one used by a grant-free PUSCH overlapping with a PUCCH later than N2 symbols before the start of the PUCCH.
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