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1. Introduction
In this contribution, we will discuss the impact of SUL on SPS. Especially, we will focus on how a UE operates when the dynamic scheduling on SUL (or normal UL) is allocated in the same slot as the SPS/grant-free resource on normal UL (or SUL).
2. Discussion
In the last RAN2 #99bis meeting, some agreements about the SUL operation were derived as follows.
	Agreements for SUL operation in connected mode:
1. When SUL is configured there are 2 ULs configured for one DL of the same cell. (FFS how much configuration is provided for the 2 ULs)
2. At any point in time, each serving cell has at most one PUSCH for transmission.
Options for further discussion on RRC signalling to configure SUL
1. RRC configured 2 ULs (one if a full UL configuration and 2nd is just SRS configuration). RRC reconfiguration to provide a full UL configuration for a different carrier is used to switch UL data between 2 different ULs.
2. RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, or 2 use both ULs


In addition, these agreements were further clarified as follows.
	Clarification of agreements
1. In any slot, one PUSCH is used for transmission for a single serving cell (i.e. associated to a single DL). This excludes simultaneous transmission on 2 PUSCH within a single slot but does not restrict switching between the two PUSCH based on L1 /MAC/RRC signalling options. 
…
3. Option 2 is clarified to " RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, to use both ULs but not schedule them simultaneously based on agreement 1 above"


According to the agreements and the clarification above, it is understood that one cell can have two ULs, one normal UL and one SUL, if the SUL is configured. Furthermore, it is not allowed for a UE to transmit more than one PUSCH within a single slot. By considering these aspects, we need to consider the impact of SUL on various UE operations.
One area that can be impacted by the introduction of SUL is UL data transmission without grant (i.e., SPS/grant-free). Remind that RAN1 decided to support different types of UL data transmission without grant as follows.
	R1-1711969
Offline discussions on UL data transmission without grant
NTT DOCOMO

Agreements:
· Type of UL data transmission without grant

· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signalling

· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signalling to activation/deactivation for UL data transmission without grant

· Note: functionality of modification is achieved the L1 signalling by activation

· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signalling to modify some parameters configured by RRC but no L1 signalling for activation

· For UL data transmission without grant, type 1 and type 2 have already been agreed, FFS type 3. 


Note that the type 2 that uses L1 signaling to activate/deactivate UL transmission without grant can be considered as the SPS in LTE. On the other hand, the type 1 does not use any L1 signaling for the activation/deactivation. RAN2 also had active discussion on SPS and made the following agreements on the number of SPS configurations.
	Agreements:

1. SPS/GF operation can be active simultaneously for PCell/PSCell and SCell.   This applies to both Type 1 and Type 2.
…
3. SPS is configured per serving cell. For SPS, multiple SPS configurations per serving cell are not supported.


According to the agreements above, only one SPS can be configured per cell. Based on these agreements about SUL and SPS/grant-free in RAN1/2 that we have reviewed so far, we now discuss the impact of SUL on SPS/grant-free.
If one cell is comprised of one normal UL and one SUL, it is possible that one SPS is configured on either the normal UL or the SUL. Fig. 1 shows such an example where one SPS is configured on the normal UL. In this case, it is also possible that a gNB allocates the resource (i.e., dynamic scheduling) on the SUL within the same slot where the SPS resource on the normal UL are pre-configured.

We think that this is not a general situation. However, when the link quality on the normal UL configured with SPS is suddenly dropped while that on the SUL is still acceptable, the gNB can perform scheduling in this way to take advantage of the good quality of the SUL. Note that the transmission of more than one PUSCH within a single slot is not allowed. It is therefore required to investigate how this UE should operate in this situation. We can further consider the following cases.
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Figure 1 
· Case 1: Type-1 UL transmission without grant (without L1 signaling)
If the UE receives L1 signaling for dynamic scheduling within the reserved slot for the type-1 UL transmission without grant, the UE is required to select one of them, for the example in Fig. 1, (i) the transmission on the pre-configured resource on the normal UL or (ii) that on the dynamically scheduled resource on the SUL. To do this, we can consider the following aspects.
· As captured in the RAN2 agreements, the signalling (e.g., DCI) to enable the UE to switch between normal UL and SUL will be discussed. If the L1 signaling for dynamic scheduling includes such a switching indication, the UE can select one PUSCH according to the L1 signaling.
· If the L1 signaling for dynamic scheduling does not include the switching indication, it is up to UE implementation which PUSCH on either normal UL or SUL will be transmitted.
· Case 2: Type-2 UL transmission without grant (with L1 signaling)
In this case, the gNB is able not to make this situation. In other words, if the type-2 UL transmission without grant is used, the transmission on the pre-configured resource is activated by L1 signaling. Since dynamic scheduling is also performed by L1 signaling, transmitting two PUSCHs on normal UL and SUL simultaneously can be avoided if the gNB issues only one L1 signaling. No additional UE operation is required, which means that the UE simply transmits one PUSCH on either normal UL or SUL according to the L1 signaling.
Based on the discussion so far, we have the following observations and proposal.
Observation 1: It can happen that a gNB allocates the resource on the SUL (or normal UL) within the same slot where the SPS/grant-free resource on the normal UL (or SUL) is pre-configured.

· For example, when the link quality on the normal UL configured with SPS/grant-free is suddenly dropped while that on the SUL is still acceptable, the gNB can perform scheduling in this way to take advantage of the good quality of the SUL.

Proposal 1: If dynamic scheduling allocates the resource on SUL (or normal UL) within the same slot where the type-1 UL transmission without grant is configured on normal UL (or SUL), the UE operates as follows.
· If the L1 signaling for dynamic scheduling includes the switching indication, which will be further discussed in RAN1, the UE selects one PUSCH on either normal UL or SUL according to the L1 signaling.
· If the L1 signaling for dynamic scheduling does not include the switching indication, it is up to UE implementation which PUSCH will be transmitted.
Observation 2: Since both dynamic scheduling and the type-2 UL transmission without grant are based on L1 signaling to activate PUSCH transmission, this issue can be avoided if the gNB issues only one L1 signaling.
3. Conclusion

Observation 1: It can happen that a gNB allocates the resource on the SUL (or normal UL) within the same slot where the SPS/grant-free resource on the normal UL (or SUL) is pre-configured.

· For example, when the link quality on the normal UL configured with SPS/grant-free is suddenly dropped while that on the SUL is still acceptable, the gNB can perform scheduling in this way to take advantage of the good quality of the SUL.

Proposal 1: If dynamic scheduling allocates the resource on SUL (or normal UL) within the same slot where the type-1 UL transmission without grant is configured on normal UL (or SUL), the UE operates as follows.

· If the L1 signaling for dynamic scheduling includes the switching indication, which will be further discussed in RAN1, the UE selects one PUSCH on either normal UL or SUL according to the L1 signaling.

· If the L1 signaling for dynamic scheduling does not include the switching indication, it is up to UE implementation which PUSCH will be transmitted.
Observation 2: Since both dynamic scheduling and the type-2 UL transmission without grant are based on L1 signaling to activate PUSCH transmission, this issue can be avoided if the gNB issues only one L1 signaling.
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