[bookmark: OLE_LINK1]3GPP TSG RAN WG1 #98bis                                                                                R1-1910103
Chongqing, China, October 14th - 20th, 2019
Source:	ZTE
Title:                 On scheduling/HARQ enhancements for NR URLLC
Agenda item:	7.2.6.4
Document for:  Discussion and Decision
Introduction
[bookmark: OLE_LINK11]According to the WID on physical layer enhancements for NR URLLC[1], scheduling/HARQ enhancements including the following will be specified in RAN1.
· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs
· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain
· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments 
For both out-of-order HARQ-ACK and out-of-order PUSCH scheduling, four solutions were proposed in RAN1 #96 meeting[2], and we also attach the solutions in the Appendix for reference. The the following conclusion was reached in the last RAN1 #97 meeting[3].
Conclusion made in RAN1:
Study further whether/how to support the following scenarios for the handling of two unicast PDSCHs:
1. When different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.
· Note: The PDSCH-to-PUCCHs can be out-of-order or in-order.
· Note: The solution(s) should address the UE processing pipelining issue.
· Two PDSCHs follow DL processing timing capability #1 and #2, respectively, on the same serving cell.
· FFS if any different solutions are necessary to address different scenarios when the above condition occurs 
2. When the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.
· Note: There is no UE processing pipelining issue.
· Note: the in-order PDSCH-to-PUCCHs are already handled in Rel-15.
3. The two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell.
· Note: The solution(s) should address the UE processing pipelining issue in this case.
In this contribution, we first discuss the scenarios related to pipeline issue for PDSCH processing, and then give our preference for the solutions. Correspondingly, the pipeline issue for PUSCH processing is also discussed. 
Scenarios for handling of two unicast PDSCHs 
In the RAN1 #97 meeting, three scenarios are listed for further study. In this section, we give more considerations about these scenarios. 
· Scenario 1: Different DL processing times are associated with different PDSCHs on the same serving cell and the two PDSCHs are non-overlapping. 
There will be pipeline issue in case when a slow processing time e.g., processing capability #1, is associated with the first PDSCH and a fast processing time e.g., processing capability #2, is associated with the second PDSCH[3]. Thus, it needs to further investigate the sub-scenarios proposed by companies that can cause different PDSCHs associated with different DL processing times. 
· Scenario 1-1: Different DL processing capability #1 and #2 can be configured for different services on the same serving cell. In Rel-15, once a UE reports that it has DL processing capability #2, it means the UE can process all the  DL transmission by capability #2 regardless of the service types. The same philosophy can be applied in Rel-16 for URLLC. Therefore, the motivation to configure different services on the same serving cell with different DL processing capabilities should be first justified.   
· Scenario 1-2: When the UE is configured with additional DMRS and DL processing capability #2 on a given serving cell, a PDSCH with additional DMRS follows DL processing capability#1 and a PDSCH without additional DMRS follows capability #2. In Rel-16 URLLC, the only fast speed scenario identified  is Transport Industry which has relatively large latency budget. It means network can configure capability #1 for both eMBB and URLLC to avoid some possible dropping of eMBB or some scheduling conditions. If network wants to configure capability #2, it is not a big restriction for limiting eMBB without using additional DMRS compared to using additional DMRS while dropping eMBB due to mixed capabilities. On the other hand, anyway this case offers more scheduling flexibility to network, we don’t have a strong position here. If this scenario is supported, we think the UE, which is a high-end UE supporting capability #2 processing, should be able to follow the relatively faster processing time of capability #1, i.e., the one without additional DMRS. 
· Scenario 1-3: For UE processing capability 2 with SCS=30KHz, and the scheduled RB allocation exceeds 136 RBs, the UE defaults to capability#1 processing time. This scenario is specified in Rel-15 and will cause the processing time for the first PDSCH is slower than the second PDSCH, i.e., it will cause pipeline issue. However, Rel-15 has already specify a scheduling restriction by introducing a gap of 10 symbols between the ending of the first PDSCH and the starting of the second PDSCH.
· [bookmark: OLE_LINK4]Scenario 1-4: When the first PDSCH is mapping Type A and the last symbol of the PDSCH is symbol i with i < 7, additional (7-i) symbols (up to 5 symbols) are added to the processing time. This scenario already exists in Rel-15. We believe that gNB can avoid the occurrence of this scenario through scheduling, the same as Rel-15. For instance, it is not allowed to schedule a first PDSCH with Type A with a last symbol of i=2 or 3, and followed a second PDSCH with Type B with a length of 4 symbols. This is not a big limitation.
· Scenario 1-5: When the first PDSCH is mapping Type B, additional symbols (up to 3 symbols) may be added depending on the overlapping of PDCCH and PDSCH. This scenario already exists in Rel-15. We believe that gNB can avoid the occurrence of this scenario through scheduling, the same as Rel-15.
Overall for Scenario 1, there has already specified some scheduling conditions(including gNB implementation) in Rel-15 for Scenario 1-3/1-4/1-5, and there is no motivation to relax Rel-15 configuration restrictions for Scenario 1-1. We are fine with scenario 1-2 if most companies think it is justified.  
Proposal 1: Only consider the following Rel-16 use case with mixed processing time capabilities:
· Additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the PDSCH processing time capability #1.
· FFS which PDSCH processing time capability #1 is used. 
· Scenario 2: When the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order
There is no UE processing pipeline issue for this scenario, and the in-order PDSCH-to-HARQ-ACK is already handled in Rel-15. For the OoO HARQ-ACK case, the UE only needs to buffer the ACK/NACK for the first PDSCH and transmits it later. We don’t think it is a big issue for the UE implementation and should be supported then.
Proposal 2: For Rel-16 URLLC, support the case that when the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.
· Scenario 3: The two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell. 
This is the main scenario for pipeline issue, and the following sub-scenarios were agreed before:
· Scenario 3-1: Overlapping in the time domain and not in the frequency domain
· Scenario 3-2: Overlapping both in the time and frequency domains
Proposal 3: For Rel-16 URLLC, support the case that the two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell. 
· Scenario 4: Three consecutive PDSCHs, in which the first two PDSCHs overlap at least in the time domain and non-overlap with the third PDSCH. 
The above mentioned scenarios all focus on two PDSCHs. Maybe we should also take a look into the case with three PDSCHs. Figure-1 gives such an example, where PDSCH1 and PDSCH2 are associated with the same processing time, and overlap each other in the time domain. A third PDSCH with the same processing time doesn’t overlap with these two overlapping PDSCHs. Depending on the solution for the two overlapping PDSCHs, it may cause some pipeline issues for PDSCH2 and PDSCH3. For example, if Solution 4-2 is adopted, additional d symbols are increased to the minimum PDSCH processing procedure time (N1) of the second PDSCH due to the dropping process of the first PDSCH. It may make the PDSCH2 has a longer processing time than PDSCH3 which may lead to pipeline issue between PDSCH2 and PDSCH3. Therefore, further investigation may be needed.
[image: ]
Figure 1: An example of Scenario 4
[bookmark: _GoBack]Proposal 4: Further study whether/how to support the following case, 
· three consecutive PDSCHs, in which the first two PDSCHs overlap at least in the time domain and non-overlap with the third PDSCH.  
· Note, it depends on whether Solution 4-2 is supported or not. 
Solutions for PDSCH pipeline issue 
As discussed in Section 2, the most important scenario which has pipeline issue is scenario 3, i.e. handling of two overlapping unicast PDSCHs. In this section, we provide our analysis on the solutions based on scenario 3. 
In the email discussion [98-NR-15] on downlink out-of-order, it was proposed for handling of two overlapping unicast PDSCHs that a UE should support multiple capabilities, e.g., one capability to process both PDSCHs under scenario 3-1 or scenario 3-2, and one capability to process only the high priority PDSCH, and skips decoding the low priority PDSCH. 
One FFS point is how to define the priority. Some companies proposed to define the priority based one the scheduling order, i.e., the later scheduled PDSCH has high priority. However, in UCI enhancement agenda, we have already agreed to support the PHY identification of HARQ-ACK codebook is used to determine the priority of HARQ-ACK, which can also be used to indicate the PDSCH priority. In this sense, it seems no need to define another priority rule based on the scheduling order for PDSCH. Otherwise, there might be some conflicts on different priority rules. 
Based on above, we have a following proposal.
Proposal 5: For handling the collision between two overlapping unicast PDSCHs, the priority for PDSCH is defined by PHY identification of HARQ-ACK codebook. 
Handling of two unicast PUSCHs
For scenario when the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, we have already agreed that the UE drops the processing and the transmission of the first scheduled PUSCH and details are FFS. Note, for DG PUSCH, we haven’t defined any other PHY identification as DL for PDSCH. Thus, the first and second scheduled PUSCH could be used as PHY identification to represent the low and high priority PUSCH respectively.
From our understanding, one detail that matters is when will a UE actually stop the transmission of the first PUSCH if a UE detects the second UL grant for URLLC. As shown in Figure 2, an eMBB PUSCH has already started its transmission on symbol#0, and is indicated by UL grant 1 to end on symbol#11. Then, the UE detects an UL grant2 on symbol#4/5 to schedule a URLLC PUSCH on symbol#11/12. When it starts to process URLLC PUSCH, the UE would not be able to process both eMBB PUSCH and URLLC PUSCH in parallel starting from a symbol, e.g., symbol #7 (It is assumed that the UE needs 2-symbol duration to decode UL grant2). Thus, the UE needs to stop transmitting the eMBB PUSCH starting from symbol #7.  In short, it needs to define the ending symbol from where the UE should stop transmission of the first PUSCH. It can be determined by N symbols after UL grant2, and N symbols are used to decode the PDCCH. Thus, the gNB can decode the eMBB PUSCH based on the valid symbols transmitted. 


Figure 2. Conflict between dynamic scheduled PUSCHs for URLLC and eMBB
Proposal 6: If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain and the first scheduled PUSCH has started transmission, define the ending symbol from where the UE should stop transmission of the first PUSCH.
There is a possibility that there is UCI multiplexed in the dropped PUSCH. It is necessary to consider how to handle the UCI transmission, especially the HARQ-ACK. Whether/how the UCI piggybacks on the second PUSCH needs further study.
Proposal 7: Study the handling of UCI on the dropped PUSCH.
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: Only consider the following Rel-16 use case with mixed processing time capabilities:
· Additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the PDSCH processing time capability #1.
· FFS which PDSCH processing time capability #1 is used. 
Proposal 2: For Rel-16 URLLC, support the case that when the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.
Proposal 3: For Rel-16 URLLC, support the case that the two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell. 
Proposal 4: Further study whether/how to support the following case for the handling of two unicast PDSCHs, 
· three consecutive PDSCHs, in which the first two PDSCHs overlap at least in the time domain and non-overlap with the third PDSCH.  
· Note, it depends on whether Solution 4-2 is supported or not. 
Proposal 5: For handling the collision between two overlapping unicast PDSCHs, the priority for PDSCH is defined by PHY identification of HARQ-ACK codebook. 
Proposal 6: If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain and the first scheduled PUSCH has started transmission, define the ending symbol from where the UE should stop transmission of the first PUSCH.
Proposal 7: Study the handling of UCI on the dropped PUSCH.
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