3GPP TSG RAN WG1 #98bis                              
      R1-1911018
Chongqing, China, October 14th – 20th, 2019
Agenda item:
    7.2.6.4
Source:


Institute for Information Industry (III)
Title:


On out-of-order scheduling/HARQ for eURLLC
Document for:
Discussion and Decision

1.
Introduction

Following the conclusions in RAN1#97 [1], where different scenarios for the handling of two unicast PDSCHs is proposed as following, including same and different DL processing time for non-overlapped PDSCHs as well as overlapping PDSCHs regardless same or different DL processing times :

Conclusion:

Study further whether/how to support the following scenarios for the handling of two unicast PDSCHs:

· 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 

· 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.

· 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.
During the discussion in RAN1#98 meeting [2], following topics have been raised and need further discussion. 
Regarding the use case of mixed minimum processing time capabilities for non-overlapped PDSCHs, i.e., the first scenario in above conclusions, where PDSCHs following different minimum processing time being configured on the same carrier. Two uses cases are proposed for further E-mail discussion:

For Rel. 16 NR, the following cases are supported:

· Case 1: different minimum processing timeline capabilities can be configured for PDSCHs on the same carrier. The minimum processing timeline capability for each PDSCH is indicated at the PHY layer.

· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier.

As for the second scenario where same minimum processing timeline capabilities for non-overlapped PDSCHs. Since there is no pipelining issue and has less specification impacts, there is no strong opinion not to support it.

Regarding the third scenario of overlapped PDSCH. Similar to the non-overlapped case, whether a UE should be able to process both unicast PDSCHs or drop the lower priority one when they overlap under Scenario 1-1 and 1-2 still doesn’t have a clear view. And this is related to the following agreements and working assumption for UE to generate HARQ-ACK for both of the PDSCHs or not.
RAN1#96bis Agreements:

· In case two unicast PDSCHs for a UE are overlapping, the following scenarios are identified:

· Scenario 1-1: Overlapping in the time domain and not in the frequency domain

· Scenario 1-2: Overlapping both in the time and frequency domains
RAN1#96bis working assumption:

When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.
In this contribution, we share our views on these topics, and propose our preference solution for each of them. 
2.  Discussion on the supporting scenarios of out-of-order scheduling
We think each of these three scenarios concluded in RAN1#97 should be supported. Due to URLLC’s sporadic traffic pattern, it could arrive at gNB unexpectedly and is unlikely to handle timely via higher layer prioritization. Unless joint operation of URLLC and eMBB for single UE is not allowed, it is inevitable to modify scheduling behaviour to insert URLLC relevant channels in front of or overlay with eMBB channels, to ensure URLLC’s low latency and high reliability. Similar to the in-order cases in Rel. 15, where some specified scheduling conditions lead to dropping of previously received PDSCH. For out-of-order case, as long as the UE behaviour of out-of-order scheduling is clearly defined under certain scheduling conditions, it is preferable to find feasible solution(s) to support each of these scenarios.
Proposal 1: Support all the scenarios of same or different minimum PDSCH processing time capabilities on the same carrier for handling non-overlapped and overlapped unicast PDSCHs.   
2.1  Mixed processing time capabilities on the same carrier  
This scenario is when different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping. We think this is a typical case and also the main intention for support out-of-order scheduling. 
As for the two use cases proposed in previous meeting.
· Case 1: different minimum processing timeline capabilities can be configured for PDSCHs on the same carrier. The minimum processing timeline capability for each PDSCH is indicated at the PHY layer.

· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier.

No matter case 1 or case 2 is supported, the consequence is the same, i.e., mixed processing time capability is applied on the same carrier. If the benefit of power consumption is not clear at this moment, we should reserve the flexibility for gNB to determine whether configuring different minimum processing timeline capabilities on the same carrier as per hardware preference in terms of power consumption.

Some companies mention that mixed traffic with capability 2 actually reserve more power than mixed capability, because at a lower clock rate, the chipset would need to operate for a longer time. If this is the case, then in case 2, gNB need to consider the tradeoffs between power consumption and measurement accuracy. If power consumption is dominant, then additional DMRS should be avoided to keep higher clock rate. 

In summary, we think both cases shouldn’t be preclude. It is up to gNB’s to decide whether same or different capabilities being configured on the same carrier. Same situation as in case 2, gNB need to decide if additional DMRS is adopted as a consequence of mixed processing time capability, which would possibly result in more power consumption at UE.

Proposal 2: Support case 1 and case 2 of mixed minimum PDSCH processing time capabilities on the same carrier for two non-overlapped unicast PDSCHs.
2.2  Single processing time capabilities on the same carrier
This is the case 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. Since there is no pipelining issue in this case, it is natural to support this case in view of limited spec impacts. For this single processing time case, decoding order is the same as the receiving order of PDSCHs. While for the first decoded PDSCH, which has less priority than the latter decoded PDSCH, can be scheduled to transmit HARQ-ACK after the later PDSCH. In other words, all UE needs to do is to follow gNB’s PUCCH scheduling order instruction on DCI. The scheduling condition to support out-of-order transmission is similar to the in-order cases. 
Proposal 3: Out-of-Order HARQ is supported for UE with a single processing timeline capability on the same carrier.
2.3  Overlapping between two unicast PDSCHs   

For the scenario where 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. In our view, this emphasizes the urgency of later scheduled PDSCHs such that resources is collided unavoidably. Since the pipeline issue here is more serious than the previous two scenarios, always skipping of first scheduled PDSCH can be considered. And this lead to solution 4-1, i.e., UE always drops the first PDSCH. 

However, in some scheduling conditions, process of both overlapped PDSCHs is allowed under Scenario 1-2. For example, long time gap between PDSCH and HARQ-ACK or between the earlier HARQ-ACK and latter HARQ-ACK. And to have consistent capability of overlapped and non-overlapped cases. We suggest an UE capability capable of processing both the high priority PDSCH and the low priority PDSCH under some scheduling conditions for overlapping Scenario 1-2.

Proposal 4: UEs can decode both the high priority PDSCH and the low priority PDSCH for overlapping Scenario 1-2 under some scheduling conditions. 
2.4  HARQ-ACK feedback for overlapping PDSCHs
For the issue of how to generates HARQ-ACK when the two unicast PDSCHs for a UE are overlapping. We would like to confirm the working assumption, i.e., no matter low priority PDSCH is dropped or not, HARQ-ACK should be generated. But how to report HARQ-ACK is another issue, it relies on some codebook restrictions. For example, both HARQ-ACKs can be transmitted with different HARQ-ACK codebooks or when Type-2 codebook is configured. For Type 1 HARQ-ACK codebook, codebook concatenation for each codebook of different priority can be considered if we want to overcome the issue of overlapping PDSCH occasions.  

Meanwhile, we want to point out that the decision of unicast PDSCH feedback may have impact on the case of SPS PDSCH with multiple SPS configurations with shorter periodicity, which would lead to more overlapped PDSCHs. In this case, feedback overhead could be an issue if HARQ-ACKs are always reported.
Proposal 5: Confirm the working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.” 
3. Conclusion
We have the following observations and proposals regarding out-of-order scheduling. 
Proposal 1: Support all the scenarios of same or different minimum PDSCH processing time capabilities on the same carrier for handling non-overlapped and overlapped unicast PDSCHs.

Proposal 2: Support case 1 and case 2 of mixed minimum PDSCH processing time capabilities on the same carrier for two non-overlapped unicast PDSCHs.

Proposal 3: Out-of-Order HARQ is supported for UE with a single processing timeline capability on the same carrier.
Proposal 4: UEs can decode both the high priority PDSCH and the low priority PDSCH for overlapping Scenario 1-2 under some scheduling conditions. 
Proposal 5: Confirm the working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.” 
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