3GPP TSG RAN WG1 #98bis


R1-1910827
Chongqing, China, October 14th – 20th, 2019
Agenda Item:
7.2.6.2
Source: 
LG Electronics

Title: 
UCI enhancements for NR URLLC
Document for:
Discussion and decision
1. Introduction

In RAN1#98, the following agreements related to UCI enhancements for NR URLLC were made [1]:
	Agreements:

At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.

· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.

· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.

· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots

· FFS for other sub-slot configurations, if any.

· FFS: If a PUCCH resource across sub-slot boundary is supported.

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, following can be separately configured for different HARQ-ACK codebooks:
· PUCCH-SpatialRelationInfo

· Sub-slot configuration (only applied for the sub-slot-based HARQ-ACK codebook)

· FFS whether or not to support the case when there are at least two HARQ-ACK codebooks configured with sub-slots, with the same or different sub-slot configurations
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.
Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· In case of SPS PDSCH, the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded)

· Opt.1: By SPS PDSCH configurations 

· Opt.2: By the DCI activating the SPS PDSCH 

· Opt.3: By the CORESET where the activating DCI is received


In this contribution, we discuss several consideration points regarding UCI enhancements to be specified from RAN1 point of view. 
2. Multiple PUCCHs for HARQ-ACK within a slot 

How to configure UL subslot
It was agreed to support two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”. Regarding FFS on the number of configurable subslots (e.g., 4, 14 sub-slots in a slot), although we do not have strong opinion, it might be beneficial to have 4 subslots in a slot. For this case, each subslot boundary needs to be configured or pre-defined (e.g., {3, 4, 3, 4}). 
For TDD, one issue would be how to split a slot into multiple subslots. Considering subslot-based HARQ-ACK codebook is constructed based on subslot boundary, it would be highly impacted if subslot splitting is varying depending on TDD UL/DL configuration or dynamic SFI signaling. In this sense, no special handling for subslot splitting should be applied especially for interaction with DL symbol in a slot. In case a PUCCH resource is overlapped with a set of DL symbols, the PUCCH is dropped as in rel-15. 
Proposal 1: There is no special handling on how to split subslot for TDD.

Proposal 2: In case a PUCCH resource is overlapped with a set of DL symbols, the PUCCH is dropped as in rel-15. 
PUCCH resource configuration

Whether to allow a PUCCH resource across sub-slot boundary is still a discussion point. Considering reliability and coverage enhancement at some instance temporarily, it would be necessary to configure long PUCCH resource. The problem then would be: how fast we allow switching between one subslot-configuration to another subslot configuration? Due to potential ambiguity in terms of HARQ-ACK codebook construction, subslot configuration should be semi-statically switched (in fact, we already agreed this in RAN1#96bis that number or length of UL sub-slots in a slot is UE-specifically semi-statically configured). Thus, it would be too burdensome and slow to reconfigure subslot configuration by RRC. Thus it would be beneficial to allow a PUCCH resource across sub-slot boundary. 
If a PUCCH resource is allowed to cross a subslot boundary, one thing to be addressed is how to handle PUCCH resource overlapping. If PUCCH resource configuration can be different for different sub-slots, such overlapping can be somewhat avoided. Anyhow, gNB needs to ensure such situation does not happen, and a UE does not expect such overlapping. 

Meanwhile, a PUCCH resource should not be allowed to cross a slot boundary. Thus, in case the PUCCH resource of the last subslot is across subslot boundary (which is in fact slot boundary), this should be avoided as in rel-15 in which case the PUCCH resource needs to be shortened.

Proposal 3: For sub-slot-based HARQ-ACK feedback procedure, a PUCCH resource is allowed to cross subslot boundary. 

For purpose of reliability and coverage improvement, it needs to be possible to configure longer PUCCH resource even across subslot boundary, which requires that PUCCH resource configuration can be different for different sub-slots. 
It was agreed that the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot. Considering TDD, it would be hard to avoid collision between a PUCCH resource and a certain set of DL symbols under given TDD UL/DL configuration if the starting symbol and length are the same for all subslots in a slot. For flexibility for different subslots in a slot, it would be preferable that each subslot (group) can have different set of starting symbols and lengths for PUCCH resources. 

Proposal 4: PUCCH resource configuration can be different for different sub-slots.  
3. HARQ-ACK codebook for supporting different service types
HARQ-ACK codebook identification
In fact, HARQ-ACK codebook identification in PHY layer has been intensively discussed and various means have been identified (e.g., DCI format/RNTI/explicit bit flag/search space/CORESET/etc), which can be also applied to HARQ-ACK codebook identification. In our view, if some existing field (such as processing time/SLIV as discussed) is used for HARQ-ACK codebook identification in PHY layer, it would incur scheduling restriction from network perspective. In this context, at least HARQ-ACK codebook identification via existing field should be avoided. 
Proposal 5: HARQ-ACK codebook for supporting different service types is identified based on DCI format, RNTI, new field, search space, or CORESET. 
Number of HARQ-ACK codebooks that can be simultaneously constructed for different service types
In our view, there is no strong motivation to support more than two HARQ-ACK codebooks simultaneously constructed for different service types. Even if there are more than two levels of service types, depending on latency and reliability requirement, still two-level segmentation for codebook (e.g., one slot-based and one subslot-based HARQ-ACK procedure) seems sufficient. 
Proposal 6: In rel-16, up to two HARQ-ACK codebooks for supporting different service types can be simultaneously constructed for a UE. 
Subslot configuration for different service types
For supporting different service types, the following combinations of subslot configuration can be considered:
· {Slot, slot}: This case can be considered when both service types are not latency-sensitive, but they have different reliability requirements. 

· {Slot, subslot}: This case would be the most typical; one for eMBB and another for URLLC. 

· {Subslot, subslot}: This case can be considered if both service types have low latency requirement and they have same or different reliability requirements. 
Proposal 7: For supporting different service types, the following combinations of HARQ-ACK codebooks can be simultaneously constructed for a UE:
· {Slot, slot}

· {Slot, subslot}

· {Subslot, subslot} with same or different subslot configurations
4. Resource collision of PUCCH/PUCCH and PUCCH/PUSCH 

How to determine the priority of UCI and PUSCH in PHY

If the priority of PUSCH is known at MAC layer, then this information should be informed of PHY layer for collision handling (prioritization in rel-15), which requires relatively more time eventually. On the other hand, the priority of PUSCH is known at PHY layer, this will be able to be utilized directly in PHY layer for collision handling. In this sense, it is preferable that the PHY identification of PUSCH is used to determine the priority of PUSCH for collision handling as for HARQ-ACK. 

Proposal 8: The priority of PUSCH is indicated by PHY indication
· The priority of dynamic scheduled PUSCH and configured grant type-2 PUSCH is given by the corresponding DCI.

· The priority of configured grant type-1 PUSCH is given by RRC configuration.

· The PHY identification of PUSCH is used to determine the priority of PUSCH for collision handling.

For CSI, it is again doubtful how much benefit from system perspective this CSI feedback can provide considering its outdated information and channel/interference variation. Unless the significant system performance improvement is clearly shown, the priority of CSI should be assumed as low priority.
Proposal 9: The priority of CSI is assumed as low priority.
For SR, the working assumption made in RAN1#97 should be confirmed. For collision handling of SR and other UCI, if there is no PHY indication on priority of SR, it would be hard to figure out how to handle such collision. 
Proposal 10: Confirm the working assumption: the priority of SR is known at PHY. How to the SR priority is known at PHY will be down-selected between the following options:
· Option 1: MAC layer delivers priority information for each SR delivered to PHY.
· Note that the priority should be able to be compared between SR and other UCI with this priority information.
· Option 2: The priority of a SR configuration is explicitly configured via RRC signaling.

Collision handling between two channels
For collision handling of two channels, as per RAN’s decision that L1 multiplexing of different priorities is out of service, the simple rule can be applied. For collision handling of two channels with the same priority, it would be sufficient to reuse rel-15 procedure. On the other hand, for collision handling of two channels with the different priorities, a channel with higher priority is prioritized while a channel with lower priority is dropped. 
Proposal 11: For collision handling of two channels, rel-15 procedure is reused between two channels with the same priority. For collision handling between two channels with the different priorities, a channel with higher priority is prioritized while a channel with lower priority is dropped.
Collision handling among more than two channels
For collision handling of more than two channels, one option would be to resolve collision between same priority first and then to resolve collision between different priorities. However, it would incur unnecessarily excessive dropping in some scenario. For instance, if we consider the scenario of collision among four channels (eMBB PUCCH, eMBB PUSCH, URLLC PUCCH, URLLC PUSCH), and if we follow the above-mentioned option, eMBB PUSCH containing eMBB UCI (which was to be carried by eMBB PUCCH) will be dropped as in Figure 1. It is noted that eMBB PUCCH is not overlapped with any URLLC channel. If collision between URLLC channels are resolved and then collision between different priorities are resolved, only eMBB PUSCH will be dropped whereas eMBB PUCCH can be still transmitted in this case as in Figure 2. Thus, another option can be considered: to resolve collision between high priority first and then to resolve collision between different priorities.
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Figure 1. Resolve collision between same priority first and then resolve collision between different priorities 
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Figure 2. Resolve collision between high priority first and then resolve collision between different priorities 
Proposal 12: For collision handling of more than two channels, the following options can be considered:
· Option 1: Resolve collision between same priority first and then resolve collision between different priorities
· Option 2: Resolve collision between high priority first and then resolve collision between different priorities
5. Conclusions

In this contribution, we discussed several aspects on UCI enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:
Proposal 1: There is no special handling on how to split subslot for TDD.

Proposal 2: In case a PUCCH resource is overlapped with a set of DL symbols, the PUCCH is dropped as in rel-15. 
Proposal 3: For sub-slot-based HARQ-ACK feedback procedure, a PUCCH resource is allowed to cross subslot boundary. 

Proposal 4: PUCCH resource configuration can be different for different sub-slots.  
Proposal 5: HARQ-ACK codebook for supporting different service types is identified based on DCI format, RNTI, new field, search space, or CORESET. 
Proposal 6: In rel-16, up to two HARQ-ACK codebooks for supporting different service types can be simultaneously constructed for a UE. 
Proposal 7: For supporting different service types, the following combinations of HARQ-ACK codebooks can be simultaneously constructed for a UE:

· {Slot, slot}

· {Slot, subslot}

· {Subslot, subslot} with same or different subslot configurations
Proposal 8: The priority of PUSCH is indicated by PHY indication
· The priority of dynamic scheduled PUSCH and configured grant type-2 PUSCH is given by the corresponding DCI.

· The priority of configured grant type-1 PUSCH is given by RRC configuration.

· The PHY identification of PUSCH is used to determine the priority of PUSCH for collision handling.

Proposal 9: The priority of CSI is assumed as low priority.
Proposal 10: Confirm the working assumption: the priority of SR is known at PHY. How to the SR priority is known at PHY will be down-selected between the following options:

· Option 1: MAC layer delivers priority information for each SR delivered to PHY.

· Note that the priority should be able to be compared between SR and other UCI with this priority information.

· Option 2: The priority of a SR configuration is explicitly configured via RRC signaling.

Proposal 11: For collision handling of two channels, rel-15 procedure is reused between two channels with the same priority. For collision handling between two channels with the different priorities, a channel with higher priority is prioritized while a channel with lower priority is dropped.
Proposal 12: For collision handling of more than two channels, the following options can be considered:

· Option 1: Resolve collision between same priority first and then resolve collision between different priorities
· Option 2: Resolve collision between high priority first and then resolve collision between different priorities
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