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Introduction
[bookmark: _Ref129681832]In the RAN1 #98bis meeting, the following agreements related to DL SPS for URLLC were achieved:
	Agreements:
Confirm the following working assumption:
	Working assumption:
Support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell
· Reusing the joint release mechanism as that defined for UL type 2 CG



Agreements:
For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), PUCCH formats 2/3/4 are applicable in addition to PUCCH formats 0/1. 
Agreements:
For cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, the PUCCH resource to be used is determined by reusing rel-15 mechanism. 

R1-1911602
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), 
· Multiple PUCCH resources are configured common for all SPS configurations per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size
· Number of PUCCH resources is up to 4
· FFS details (e.g., threshold for determining PUCCH resource)

R1-1911692
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), PUCCH resource i is selected if HARQ-ACK payload size (not including CRC) is in the range of {Ni,min, …, Ni,max} bits, where the number of PUCCH resources in the selection is from 0 up to 3. 
· N0,min=1, N0,max=2
· For i≠0
· Ni,max is configured by RRC; if not configured, Ni,max is 1706.
· Ni,min is equal to Ni-1,max+1 
Note: The above mechanism is equivalent to rel-15 procedure when a single PUCCH resource is configured per PUCCH resource set.

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



[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK26]This contribution firstly discusses the remaining issues of DL SPS, including HARQ-ACK codebook construction, PUCCH resource determination for HARQ-ACK feedback and handling of conflict with DL/UL symbols under TDD. Then, the contribution discusses resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs. In addition, we also provide our views on TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities.
DL SPS enhancement
HARQ-ACK codebook 
Case 1: DL SPS only
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK8][bookmark: OLE_LINK4][bookmark: OLE_LINK5]In this case a UE is assumed to only receive PDSCH(s) by one or multiple DL SPS configurations, i.e. no dynamic PDSCH is scheduled. Then, assuming the service type of multiple DL SPS configurations could be identified, some DL SPS PDSCH(s) of different SPS configurations may be corresponding to the same traffic type and then their corresponding HARQ-ACKs could be sent together in one PUCCH resource. It has been agreed that multiple PUCCH resources are commonly configured for all SPS configurations per HARQ-ACK codebook, and the actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size. The remaining issue is how to construct the HARQ-ACK codebook, which includes how to decide the number of HARQ-ACKs bits and the order of these bits.
For the number of HARQ-ACKs bits in the HARQ-ACK codebook, we think it should be equal to the number of activated DL SPS PDSCH(s). Considering there would be many configured configurations, if the number of HARQ-ACKs bits is equal to the number of configured DL SPS PDSCH, the payload size would be fixed and large, which is not good from a resource utilization perspective.  
For the order of the HARQ-ACKs bits, it can be generated firstly in ascending order of DL SPS configurations index and then in ascending order of time domain occasions, or just in ascending order of time domain occasions. Anyway the order should be defined to guarantee the same understanding between gNB and UE.
Proposal 1: For cases where only HARQ-ACK feedback for SPS PDSCHs is to be reported, the number of HARQ-ACKs bits should be equal to the number of activated DL SPS PDSCH(s).
Case 2: DL SPS together with dynamic PDSCH
For the case that both HARQ-ACK for DL SPS and dynamic PDSCH need to be transmitted, the HARQ-ACK for DL SPS and the HARQ-ACK for dynamic PDSCH can be transmitted in the same HARQ-ACK codebook, at least for the same service type. One other way is to always transmit HARQ-ACK for DL SPS and HARQ-ACK for dynamic PDSCH in separate HARQ-ACK codebook, but it will increase the complexity due to the increase in the number of simultaneous constructed HARQ-ACK codebooks. 
For cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, for type-1 HARQ-ACK codebook, it is straightforward to reuse Rel-15 procedure to determine the number of HARQ-ACK bits and the order of HARQ-ACK bits in the HARQ-ACK codebook. For type-2 HARQ-ACK codebook, for the case of the same service type for dynamic PDSCH and DL SPS, Rel-15 mechanism could be reused，thus ACK/NACK(s) of the multiple active SPS configurations can be appended after the ACK/NACK(s) for the dynamic PDSCH(s). As to the generation of the number of HARQ-ACKs bits and the order of the HARQ-ACK bits, same mechanisms for DL SPS only case can be used. 
Proposal 2: For cases where HARQ-ACK for SPS PDSCH is multiplexed with dynamic PDSCH HARQ-ACK, Rel-15 procedure can be used to construct both type-1 and type-2 HARQ-ACK codebook.
Handling of conflict with DL/UL symbols under TDD
As the periodicity of DL SPS PDSCH can be shortened as down to 1 slot, it is hard to avoid the conflict between SPS PDSCH and UL symbols or the conflict between SPS HARQ-ACK and DL symbols by gNB implementation. Therefore, further discussion is needed on the UE behavior on handling the conflict between SPS PDSCH/HARQ-ACK with the UL/DL direction.
For the conflict of SPS PDSCH with semi-static UL symbols, the gNB can drop the SPS PDSCH, and the UE is not required to feed back the corresponding SPS HARQ-ACK. For the conflict of SPS PDSCH with flexible symbols, it can be up to the gNB to transmit or drop the SPS PDSCH, and the corresponding SPS HARQ-ACK can still be transmitted to avoid ambiguity.
For the conflict of SPS HARQ-ACK with DL/flexible symbols, it is not desired to drop the collided SPS HARQ-ACK since the SPS PDSCH may carry URLLC traffic. There can be two candidate solutions. One solution is to introduce indicating multiple K1 values for one SPS configuration as shown in Figure 1(a), where a cluster of SPS PDSCHs of this SPS configuration can be associated with different K1 values to ensure their SPS HARQ-ACKs are pointed to the same slot/sub-slot which does not overlap with DL symbol. However, considering the K1 value is indicated by the activation DCI, explicitly indicating multiple K1 values for one SPS configuration would lead to increased overhead in the DCI. 
Another solution is to allow the UE to postpone the collided SPS HARQ-ACK to the UL slot/sub-slot available for HARQ-ACK transmission as shown in Figure 1(b). E.g., the UE can determine a DL SPS only PUCCH resource or multiplex with GB HARQ-ACKs on that UL slot/sub-slot as discussed above. The UL slot/sub-slot can consist of semi-static UL symbols for which gNB and UE have aligned understanding. Alternatively, considering the flexible symbol can be updated to UL by DL/UL grant or dynamic SFI, it can be studied whether to allow the UE to transmit or postpone the collided SPS HARQ-ACK(s) to the FU slot/sub-slot for earlier feedback.
Proposal 3: Allow the UE to postpone the SPS HARQ-ACK conflict with DL to the UL slot/sub-slot available for HARQ-ACK transmission.
[image: ]
Figure 1. Two candidate solutions for handling conflict between SPS HARQ-ACK and DL/flexible
Resource conflicts between dynamic grant (DG)/ configured grant (CG) and configured grant (CG) PUSCH 
In the RAN #83 meeting, the scope of RAN2 I-IoT Rel-16 WI was identified [1], and the collision of uplink grants should be jointly studied in RAN1 and RAN2. In the RAN1 #96 meeting [2], it was agreed that for two overlapping dynamic PUSCHs, the earlier scheduled PUSCH would be dropped if there is collision in time domain. Similarly, in the RAN2#105 meeting [3], it was agreed that the later dynamic grant may always be prioritized over an earlier dynamic grant. 
In this part, we focus on the collision between dynamic grant and configured grant (i.e., the identified scenario 2 [3]) and the collision between multiple configured grants (i.e., the newly identified scenario [4]).
If there is no MAC PDU being assembled when the MAC entity is aware of the collision of two grants corresponding to two MAC PDU, the MAC layer can select one MAC PDU to handle and only send the MAC PDU with higher priority to the PHY layer. Then the collision is avoided in the PHY layer and only the PUSCH linked to the sent MAC PDU needs to be transmitted. Otherwise, if one MAC PDU has already been assembled and even sent to the PHY layer when a new grant with higher priority arrives, the MAC layer has to assemble the newly arriving grant and send two MAC PDUs to the PHY layer. In such a case, the PHY layer can simply prioritize the PUSCH transmission linked to the later sent MAC PDU and drop the PUSCH transmission linked to the earlier sent MAC PDU.
Proposal 4: For dynamic PUSCH overlapping with configured PUSCH, prioritize the PUSCH transmission linked to the later sent MAC PDU if two MAC PDUs are both received from the MAC layer.
With respect to the collision between multiple configured grants, the same rule can be used, i.e., if only one MAC PDU is received from the MAC layer, the other configured PUSCH is skipped, and if two MAC PDUs are received, the configured PUSCH linked to the later received MAC PSU is prioritized.
TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities
In this section, we discuss the details of the 4 solutions provided by RAN2 for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, and assess their advantages and disadvantages.
-	Solution1： Adjustment of SPS/CG resource by RRC reconfiguration (as per current specification)
This solution does not have specification impact, but would require the SPS/CG configuration to be updated frequently to meet the traffic arrival time. This is very inefficient because of signaling overhead, especially when the gNB supports multiple activated SPS/CG configurations. 
Observation 1: Frequent RRC reconfiguration would increase RRC signaling overhead. 
-	Solution2： Usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof (for SPS, support for shorter periodicities than those available in Rel-15 may be required)
In NR Rel-15, the periodicity of SPS/CG is configured by RRC signaling. The value of the CG periodicity could be set to 2OS, 7OS, or {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640} slots for 15 kHz SCS. The value of the SPS periodicity could be as low as 1 slot. These periodicities may not be exactly equal to the traffic periodicity. In order to guarantee the latency requirement, a smaller periodicity should be configured, but this will cause the receiver have to blind decode the data on every configured resource, which will increase the processing time and complexity. 
In NR Rel-16, it has been agreed to support multiple CG/SPS configurations for a given BWP of a UE, which may help to solve the misalignment between the traffic periodicity and the SPS/CG periodicities. But this is still would not utilize the resources efficiently. For example, the periodicity of TSN packets may be Pt=0.833ms, the gNB has to configure 2 configurations with staggered time domain resources, and both of the 2 configurations’ periodicity would need to be P=1 slot for 15 kHz SCS. The gNB may allocate more resources than actually needed to ensure that the latency requirement could be met. As shown in figure 1, two thirds of the resources may not be occupied. Therefore, more efficient resource utilization schemes should be studied if solution 2 is applied. For example, defining more periodicity values in the specification to match the traffic periodicity could also be considered. 

[bookmark: _Ref3555799]Figure 2 example of multiple CG/SPS configurations
Observation 2: For SPS/CG, shorter periodicities or multiple configurations or combination thereof would cause resource wasting and processing complexity for receiver.
- 	Solution3： More efficient adjustment of SPS/CG resource timing in the UE as compared to RRC reconfiguration, e.g. based on network configuration or dynamic network signaling and which could be based on knowledge of TSN traffic pattern
Usage of dynamic signaling is also proposed as a more flexible and efficient way for resource timing adjustment compared to RRC reconfiguration. The gNB may use DCI or MAC CE to indicate the UE to adjust the resource timing, if it cannot satisfy the latency requirement due to the misalignment between the traffic arrival and the reserved SPS/CG resources. As shown in Figure 3, resource periodicity P is the smallest periodicity value that is larger than the traffic periodicity Pt. The deviation between the periodicity of the resource and that of traffic is d=P-Pt. As the misalignment would be accumulated over time, set the accumulated deviation as D=sum (d). If D is larger than the traffic’s latency requirement, the gNB and the UEs may need to adjust the original resource to make the new resource R time domain units earlier than the original resource, which could be seen in Figure 3, where, R could be indicated by dynamic signaling.

Figure 3 CG/SPS configurations adjustment by dynamic signaling
Maybe only R needs to be indicated in the dynamic signaling, other parameters such as FDRAMCS, RV, do not need to be adjusted. So we may apply the scheme used for activation or release for DL SPS and UL grant Type 2 in NR
Proposal 5:  Using dynamic signaling to adjust the resource timing.
-		Solution4： Applying de-jittering buffer at the edges of 5G system
Applying de-jittering buffer is a solution in application layer, and has no specification effort in RAN1, so this should be discussed by higher layers. 
Observation 3: Applying de-jittering buffer should be handled by higher layers.

Conclusions
Based on the discussions, the following observation and proposals are given:
Proposal 1: For cases where only HARQ-ACK feedback for SPS PDSCHs is to be reported, the number of HARQ-ACKs bits should be equal to the number of activated DL SPS PDSCH(s).
Proposal 2: For cases where HARQ-ACK for SPS PDSCH is multiplexed with dynamic PDSCH HARQ-ACK, Rel-15 procedure can be used to construct both type-1 and type-2 HARQ-ACK codebook.
Proposal 3: Allow the UE to postpone the SPS HARQ-ACK conflict with DL to the UL slot/sub-slot available for HARQ-ACK transmission.
Proposal 4: For dynamic PUSCH overlapping with configured PUSCH, prioritize the PUSCH transmission linked to the later sent MAC PDU if two MAC PDUs are both received from the MAC layer.
Observation 1: Frequent RRC reconfiguration would increase RRC signaling overhead. 
Observation 2: For SPS/CG, shorter periodicities or multiple configurations or combination thereof would cause resource wasting and processing complexity for receiver.
Proposal 5:  Using dynamic signaling to adjust the resource timing.
Observation 3: Applying de-jittering buffer should be handled by higher layers.
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