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[bookmark: _Ref521334010]Introduction
3GPP RAN approved two inter-related work items on URLLC, where a first one is led by RAN1 addressing PHY enhancements, whereas the second one specifically targets industrial IOT (IIOT) scenarios and is led by RAN2. For the IIOT WI, RAN2 has identified several intra-UE multiplexing scenarios and DL SPS enhancement to be jointly studied by RAN1 and RAN2 [1]. This contribution provides an in-depth analysis of the resource conflicts of multiple PUSCHs with at least one configured grant (CG) PUSCH, and conflicts of multiple PDSCHs with at least one SPS PDSCH. Detail of SPS enhancement is also provided in this contribution including HARQ-ACK codebook for SPS.
In the RAN #98bis meeting, the following agreements related to DL SPS were achieved:
Agreement:
· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 

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 behaviors.
· 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.

Agreements:
For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), the number of PRBs for the PUCCH transmission is determined by reusing rel-15 mechanism in Subclause 9.2.3 (UE procedure for reporting HARQ-ACK) of 38.213. 
· The maximum code rate per PUCCH format is reused from the parameter associated with the identified HARQ-ACK codebook for SPS PDSCH
Agreements:
· Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 
· Note: This does not preclude possibility of extending it in future releases.

Overlapping between DG/CG and CG PUSCH
In Rel-15 a DG PUSCH can override a CG PUSCH in case of resource collision, and the UL grant scheduling a DG is received at least N2 symbols before the starting symbol of a CG PUSCH so that the UE can run the LCP rules ahead of any PUSCH preparation to determine which PUSCH is transmitted, as shown in Figure 1. 


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 1: Overlapping of DG and CG with N2 time gap restriction
In Rel-16, if URLLC data is multiplexed on a DG PUSCH while non-URLLC data is multiplexed on a CG PUSCH, it is not desirable to still have the time gap restriction between the UL grant for URLLC PUSCH and the CG PUSCH. As shown in Figure 1, by following the time gap restriction, UL grant for URLLC PUSCH is not allowed to be transmitted within N2 time prior to the starting symbol of CG PUSCH for eMBB, which may delay the URLLC transmission. Hence, for overlapping between CG PUSCH and DG PUSCH associated with different PHY priorities, time gap is not needed between the end of UL grant and the starting of CG PUSCH. 
For overlapping between CG PUSCH and DG PUSCH both associated with high-priority, if N2 time gap is still kept, it means gNB should send the UL grant scheduling a DG PUSCH with high priority before N2 time prior to the starting point of CG PUSCH, which of course may introduce delay for data in DG PUSCH since for DG PUSCH itself, such UL grant can be transmitted in anytime satisfying the processing time of the DG PUSCH without considering the starting point of CG PUSCH. Since for PUSCH overlapping with different priorities, partial dropping of low priority traffic is already supported without considering the N2 time gap, it is desired to remove the time gap for PUSCH overlapping with both high priorities so as to satisfy the urgent latency of later coming higher priority data,.
Proposal 1: The time gap checking between the end of UL grant and the starting of CG PUSCH is not needed for overlapping of DG and CG PUSCHs associated with different PHY priorities or both high-priority.
Based on the agreements in RAN1#98bis meeting, for handling the overlapped UL transmission among low PHY priority channels, reuse the Rel.15 mechanism. In case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint. However, the handling of the overlapping between both high-priority UL transmissions has no conclusion.
As shown in Figure 2, for overlapping of two CG PUSCHs both with high priority in PHY, since data arriving time could be different for different traffics with high priority, such as VoIP and TSN, it give more flexibility to allow MAC to deliver a second PDU of later coming traffic (such as TSN in Figure 2) to PHY associated with a later CG PUSCH when such traffic comes after the PDU delivering associated with a previous CG PUSCH. In such case, PHY could select the PUSCH with a later coming PDU and drop/stop the PUSCH with an earlier coming PDU.


Figure 2: overlapping of CG PUSCHs both with high priority
Similar as the case of CG PUSCH overlapping, when time gap is not used, MAC may not know there is a DG PUSCH overlapping with a CG PUSCH before delivering a PDU associated with the CG PUSCH to PHY when DG PUSCH is later than CG PUSCH, as shown in Figure 3 (a). When time permits (MAC knows the UL grant before deliver PDU for CG PUSCH), MAC just delivers one PDU with higher LCH priority to PHY, and there is only one PUSCH with PDU transmission in PHY layer. When time does not permit, MAC may deliver another PDU for DG PUSCH to PHY if data associated with higher priority LCH needs to be transmitted in DG PUSCH, and there will be two PDUs delivered to PHY. In such case, PHY could select the PUSCH with a later coming PDU and drop/stop the PUSCH with an earlier coming PDU to allow more flexible LCP mapping in MAC. Similarly, when CG PUSCH is later than DG PUSCH, as shown in Figure 3 (b), higher priority data may come after PDU delivering for DG PUSCH. In such case, MAC could deliver another PDU associated with CG PUSCH to PHY, and PHY could select the PUSCH with a later coming PDU and drop/stop the PUSCH with an earlier coming PDU.
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Figure 3: overlapping of DG and CG PUSCHs both with high priority
Proposal 2: For overlapped DG/CG and CG transmission among high priority, PHY selects the later PUSCH more than one PDU are delivered to PHY layer.
Enhancement for DL SPS transmission
The DCI formats supported for activation and release for SPS enhancement and validation enhancements are discussed in our companion contribution [2].
HARQ-ACK feedback for DL SPS only
When multiple HARQ-ACK feedback for SPS PDSCH will be transmitted in one PUCCH, the HARQ-ACK bits can be generated according to a predefined order. Some options have been proposed as follow:
· Option 1: HARQ-ACK bits are ordered according to SPS configuration index
· Option 2: HARQ-ACK bits are ordered according to HARQ process ID
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Option 3: HARQ-ACK bits are ordered according to the position of PDSCH in time and frequency domain
[bookmark: _GoBack]For option 1, if SCS of DL is larger than UL, there may be more than one HARQ-ACK feedback for PDSCH with the same SPS configuration index transmitted in one PUCCH resource due to a smaller periodicity of SPS transmission and the same K1 indicated by DCI. Hence, HARQ-ACK bits cannot be ordered only by SPS configuration index. For option 2, same HARQ process ID can be used on different serving cells and in case the HARQ-ACK feedbacks for the SPS configurations on different serving cells with same HARQ process ID are in the same PUCCH, they cannot be differentiated by HARQ process ID only. Even on the same serving cell, it is not prohibited to use same HARQ process ID for different SPS configurations. Therefore, we propose HARQ-ACK bits are ordered according to the position of PDSCH in time and frequency domain. An example is shown in figure 4 where HARQ-ACK bits are ordered in ascending order of serving cell index followed by time position.


Figure 4: HARQ-ACK bits order for SPS PDSCH only
Proposal 3: The HARQ-ACK bits for SPS PDSCH and SPS release in a PUCCH are ordered according to time and frequency position of SPS PDSCH.
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Based on a smaller periodicity of SPS transmission (such as one slot) and one K1 value indicated by activation DCI, HARQ-ACK for SPS PDSCH associated with the same SPS configuration may collide with unavailable symbol (such as RRC configured DL symbol, Flexible symbol with DCI scheduling DL transmission or with SFI indicated as flexible symbol) due to a symmetrical UL and DL resource allocation. To ensure there is HARQ-ACK feedback for each SPS PDSCH transmission so as to reduce the latency, UE can delay the HARQ-ACK to a first available slot/sub-slot without RRC configured DL symbol within the symbol set of the PUCCH resource for SPS PDSCH, as shown in figure 5. Since PUCCH resource for SPS PDSCH on RRC configured flexible symbol could be changed into DL by dynamic DCI scheduling a DL transmission or could be canceled by SFI with indication of flexible symbol without 255 index, to avoid the impact of DCI missing so as to ensure the same understanding between UE and gNB for the available slot/sub-slot, flexible symbol is considered as available symbol of PUCH resource to find the available slot/sub-slot for SPS PDSCH.


Figure 5: HARQ-ACK for SPS PDSCH is delayed to the first available slot/sub-slot
In the available slot/sub-slot, if only HARQ-ACK feedback for SPS PDSCHs shall be reported, PUCCH resource for SPS PDSCH can be used, and current rule for dropping a RRC configured PUCCH is used. That is when there is flexible symbol with DCI scheduling DL transmission or with SFI indicated as flexible symbol within the symbol set of the PUCCH resource, such PUCCH could be cancelled in available slot/sub-slotIf there is HARQ-ACK feedback for dynamic PDSCH, HARQ-ACK for SPS PDSCH and dynamic PDSCH could be multiplexed in one PUCCH resource indicated by PRI in DCI associated with the dynamic HARQ-ACK, and there is no collision with DCI scheduled DL transmission or SFI indication. 
Proposal 4: HARQ-ACK for SPS PDSCH collided with semi-static DL symbols can be delayed to an earliest subsequent slot/sub-slot without semi-static DL symbols colliding within the set of symbols of PUCCH resource for SPS PDSCH.
Multiplexing of HARQ-ACK for SPS and dynamic PDSCH
Considering the flexibility of scheduling, we support multiplexing among UCIs which are corresponding to SPS PDSCH and dynamic PDSCH respectively. Hence, HARQ-ACK for both SPS PDSCH and dynamic PDSCH could be transmitted in the same PUCCH. 
For Type 1 HARQ-ACK codebook, existing mechanism can be reused. One issue for the above delay method is, when HARQ-ACK of one SPS PDSCH is delayed to a new slot/sub-slot, there may be no position of HARQ-ACK of SPS PDSCH in HARQ-ACK codebook determined based on the K1 set. As shown in Figure 6, HARQ-ACK of SPS PDSCH in slot n is delayed to slot n+3, while HARQ-ACK codebook in slot n+3 with K1 set as {1, 2} just contains HARQ-ACK positions for PDSCH transmission in slot n+1 and slot n+2, while means UE needs to add additional HARQ-ACK bits for delayed SPS PDSCH in slot n+3. However, since we think semi-static codebook does not have high priority in R16 stage, it is not a big issue, and even with supporting of semi-static codebook, it just could be clarified to add additional HARQ-ACK bits for all SPS PDSCH requiring HARQ-ACK in one slot/sub-slot but does not contain within the codebook determined by K1 set.


Figure 6: multiplexed HARQ-ACK feedback when delayed to the first available slot/sub-slot
For Type 2 HARQ-ACK codebook, the current pseudo code can be simply modified by adding HARQ-ACK feedback bits for either small periodicity SPS PDSCH with delayed HARQ-ACK or SPS PDSCH associated with different SPS configurations on each serving cell which require HARQ-ACK transmission in current slot/sub-slot.
Observation1: The mechanism of type1 codebook already supports HARQ-ACK multiplexing of multiple SPS PDSCHs without delayed HARQ-ACK and dynamic PDSCH. 
Observation2: The mechanism of type1 codebook can support HARQ-ACK multiplexing of SPS PDSCH with delayed HARQ-ACK and dynamic PDSCH by adding additional HARQ-ACK bits for all SPS PDSCH requiring HARQ-ACK in current slot/sub-slot but does not contain within the codebook determined by K1 set . 
Observation3: The mechanism of type2 codebook can be simply modified to support HARQ-ACK multiplexing of multiple SPS PDSCHs and dynamic PDSCH by considering multiple SPS configurations on one serving cell with associated K1 value indicating HARQ-ACK transmission in current slot/sub-slot.
Resource conflict of PDSCH
Overlapping between dynamic PDSCH and SPS PDSCH
If SPS PDSCH is for eMBB and dynamic PDSCH is for URLLC, consider such a case: a dynamic URLLC PDSCH arrives and needs to be scheduled as soon as possible when an SPS eMBB is still in transmission, in which case the URLLLC PDSCH needs to be scheduled on resources overlapped with SPS eMBB PDSCH. The principle used in Rel-15 that dynamic PDSCH always prioritizes SPS PDSCH can be followed. Since, from gNB implementation, gNB can either drop eMBB PDSCH or put SPS eMBB PDSCH into the dynamic URLLC PDSCH. It needs no special handling at UE side.
If SPS PDSCH is for URLLC, and dynamic PDSCH is for eMBB, gNB can avoid dynamically allocating PDSCH overlapping with the SPS PDSCH in time so as to avoid such overlapping. 
Proposal 5: gNB can handle conflicts between dynamic PDSCH and SPS PDSCH. No special handling is needed at UE side.

Overlapping among multiple SPS configurations
For multiple SPS configurations targeting TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, different SPS configurations are configured to provide more starting opportunities in order to align with the service data arriving time. There is no conflict for this case.
For multiple SPS configurations targeting different services/traffic types, there may be three cases to consider:
Case 1: Multiple SPS configurations are configured without any overlapping in time domain. 


Figure 7: multiple SPS configurations without overlapping in time domain
Case 2: Multiple SPS configurations with time domain resource overlapping are configured with non-overlapping frequency domain resources. That is to say, if time domain overlapping exists, gNB can transmit multiple SPS PDSCHs by FDM mode. 


Figure 8: multiple SPS configurations with overlapping in only time domain 
Case 3: If gNB can’t allocate non-overlapping frequency domain resources to multiple SPS configurations with time domain resource overlapping, the collision in both time domain and frequency domain needs to be handled.


Figure 9: multiple SPS configurations with overlapping in both time domain and frequency domain
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]For case 1, it does not need any special handling. For case 2 and case 3, special handling the same as out-of-order PDSCH with time domain resource overlapping can be used.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 6: For the case of multiple SPS configurations with time domain resource overlapping, special handling the same as out-of-order PDSCH with time domain resource overlapping can be used. 
Conclusion
This contribution discussed the intra-UE multiplexing for resource conflicts between PUSCH, resource conflicts between PDSCH and also enhancement for DL SPS. We have the following observations and proposals,
Observation1: The mechanism of type1 codebook already supports HARQ-ACK multiplexing of multiple SPS PDSCHs without delayed HARQ-ACK and dynamic PDSCH. 
Observation2: The mechanism of type1 codebook can support HARQ-ACK multiplexing of SPS PDSCH with delayed HARQ-ACK and dynamic PDSCH by adding additional HARQ-ACK bits for all SPS PDSCH requiring HARQ-ACK in current slot/sub-slot but does not contain within the codebook determined by K1 set . 
Observation3: The mechanism of type2 codebook can be simply modified to support HARQ-ACK multiplexing of multiple SPS PDSCHs and dynamic PDSCH by considering multiple SPS configurations on one serving cell with associated K1 value indicating HARQ-ACK transmission in current slot/sub-slot.

Proposal 1: The time gap checking between the end of UL grant and the starting of CG PUSCH is not needed for overlapping of DG and CG PUSCHs associated with different PHY priorities or both high-priority.
Proposal 2: For overlapped DG/CG and CG transmission among high priority, PHY selects the later PUSCH more than one PDU are delivered to PHY layer.
Proposal 3: The HARQ-ACK bits for SPS PDSCH and SPS release in a PUCCH are ordered according to time and frequency position of SPS PDSCH.
Proposal 4: HARQ-ACK for SPS PDSCH collided with semi-static DL symbols can be delayed to a earliest subsequence slot/sub-slot without semi-static DL symbols within the symbol set of PUCCH resource for SPS PDSCH.
Proposal 5: gNB can handle conflicts between dynamic PDSCH and SPS PDSCH. No special handling is needed at UE side.
Proposal 6: For the case of multiple SPS configurations with time domain resource overlapping, special handling the same as out-of-order PDSCH with time domain resource overlapping can be used. 
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