[bookmark: _GoBack]3GPP TSG RAN WG1 #98bis			R1-1910028
Chongqing, China, October 14th – 20th, 2019

[bookmark: Source]Agenda item:	7.2.6.2
Source: 	Spreadtrum Communications
Title: 	Discussion on UCI enhancements for URLLC
[bookmark: DocumentFor]Document for:	Discussion and decision
Introduction
Updated work items of “Physical layer enhancements for NR ultra-reliable and low latency communication (URLLC)” [1] and “Support of NR Industrial Internet of Things (IoT)” [2] were approved in RAN#85. It was agreed to down-scope the IIoT WID in intra-UE collision [3], including intra-UE collision handling based on some other mechanisms than multiplexing (e.g. prioritization) needs to be finalized. 
The changed objectives for NR intra-UE prioritization/multiplexing are:
· Address UL data/control and control/control resource collision by (L1 multiplexing of services of different priority is out of scope):
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· specifying prioritization behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].

The following agreements on UCI enhancements were agreed during the last meeting [4].
Agreements:
Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)
· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.
· FFS SR with HARQ-ACK in PF 2, 3, 4
· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met
· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)
Agreements:
In case URLLC (i.e., high priority) HARQ-ACK collides with eMBB (i.e., low priority) SR, down-select from options below (to conclude RAN1#98b):
· Option 1: Drop eMBB SR
· Option 2: Multiplex URLLC HARQ-ACK and eMBB SR if the multiplexing rule is met. Otherwise, drop eMBB SR. 
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· PUCCH formats
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) SR, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK 
· Option 2: Multiplex eMBB HARQ-ACK and URLLC SR if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· PUCCH formats, e.g. SR on PF0 collides with HARQ-ACK on PF1/3/4
· FFS: Resending HARQ-ACK or not after dropping.
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) HARQ-ACK, down-select from options below.
Proposal 1. Option 1: Drop eMBB HARQ-ACK. 
Proposal 2. Option 2: Multiplex eMBB HARQ-ACK and URLLC HARQ-ACK if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· Pre-defined rules or configurable rules or dynamically-indicated multiplexing
Proposal 3. FFS: Resending HARQ-ACK or not after dropping.
FFS details in case of a channel/signal being dropped in handling of collision of UL channels/signals
High proriorty vs. low priority HARQ-ACK is made known at the PHY layer (note: for SR, it’s agreed earlier)
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.
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]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
Email discussion on how to determine the priority of SR, A/N, and PUSCH in PHY till next meeting – Jia (OPPO)
In this contribution, we provide our considerations on UCI enhancements including more than one PUCCH with HARQ-ACK, HARQ-ACK codebook enhancements and intra-UE prioritization for URLLC.
Sub-slot-based HARQ-ACK feedback




[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In Rel-15 NR, the reference UL slot of ( K1) is first determined for determining the slot containing the HARQ-ACK feedback.  corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. The UL slot containing the PUCCH transmitting the HARQ-ACK feedback is further determined as UL slots coming after the reference UL slot.
In the previous meetings, sub-slot-based HARQ-ACK feedback was agreed to be supported in Rel-16 URLLC. Sub-slot-based HARQ-ACK feedback procedure can provide faster HARQ-ACK response for URLLC traffic compared with slot-based HARQ-ACK feedback. For determining the PUCCH associated slot, one PUCCH is associated with sub-slot k if its starting symbol is in sub-slot k as shown in Figure 1, and no more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot. It has also been agreed that K1 is defined following Rel-15 approach but in unit of sub-slot. 


Figure 1: sub-slot based HARQ-ACK feedback
K1 value range
For sub-slot-based HARQ-ACK feedback procedure, one remaining issue is whether the configurable value range of K1 needs to be extended. The current value range of K1 in slot-level HARQ-ACK feedback is from 0 to 15, and at most 8 values can be configured. 
When 2-symbol sub-slot is used, the largest time gap from a PDSCH to its HARQ-ACK is 15 sub-slots, it means that the HARQ-ACK feedback should be transmitted within the next 30 symbols after the end of the sub-slot containing the PDSCH. This gap can be up to 105 symbols when 7-symbols sub-slot is used. Current K1 values can satisfy both UE processing capability 1 and 2. From this side of view, the current configurable values of K1 can provide a reasonable range. So K1 value range does not need to be extended and the maximum size of K1 set is 8.
Proposal 1. The configurable value range of K1 does not need to be extended and the maximum size of K1 set is 8.

PUCCH going across sub-slot boundary or not
Another remaining issue is whether or not a PUCCH resource with URLLC HARQ-ACK can go across sub-slot boundary. If a PUCCH resource is allowed to go across sub-slot boundary, one PUCCH resource starts from the former sub-slot might be overlapped with another PUCCH resource starts from the latter sub-slot. It may cause a lot of problems, such as when the two PUCCHs are overlapping, how to combine the HARQ-ACK codebooks. However, if a PUCCH resource is not allowed to go across sub-slot boundary, the PUCCH resource duration is too limited and may not guarantee PUCCH coverage if there are a small number of symbols in a sub-slot. So a better solution can be a PUCCH is allowed to go across sub-slot boundary but UE does not expect to transmit two overlapped PUCCHs with HARQ-ACK feedback for URLLC traffic.
Proposal 2. A PUCCH is allowed to go across sub-slot boundary but UE does not expect to transmit two overlapped PUCCHs with HARQ-ACK feedback for URLLC traffic.

Limit of the number of PUCCH transmissions carrying HARQ-ACK in a slot.
The maximum number of PUCCH transmissions with HARQ-ACK feedback allowed in a slot should be studied. There is a trade-off between PUCCH alignment delay and UE/gNB complexity arising from a large number of PUCCH occasions. Since the duration of a PDSCH with mapping type B can be 2/4/7 OFDM symbols, and the duration of a PDSCH with mapping type A can be 4-14 OFDM symbols. From this side of view, 2/3/4/7 UL sub-slots for PUCCH transmission with HARQ-ACK can be enough for all the PDSCHs scheduled in a slot. And there are can be at most one PUCCH with HARQ-ACK starting in each sub-slot. If too many PUCCH transmissions carrying HARQ-ACK in a slot is allowed, it would lead to the significant increased UE and gNB implementation complexity. Secondly, for one shot PDSCH transmission, the HARQ-ACK feedback time can be relaxed and HARQ-ACK multiplexing can be applied. Considering these, a maximum of 4 PUCCH transmissions carrying HARQ-ACK in a slot should be considered. 
Proposal 3. Limit of the number of PUCCH transmissions carrying HARQ-ACKs in a slot is no more than 4.
Sub-slot configurations for PUCCH
During the last meeting, it was agreed that support two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”. As to “FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot”, we cannot see enough benefits to support 14 sub-slots in a slot. Because the major advantage of 14 sub-slots in a slot is its shortest sub-slot duration and most PUCCH transmission occasions. But in our understanding, there is no necessity to support such a frequent HARQ-ACK feedback for URLLC even if for the strictest delay case. 
It is straightforward to enable 4 sub-slots configurations for PUCCH in a slots, such as (4,3,4,3) or (3,4,3,4). Note that there can be up to 4 PUCCH transmissions within every sub-slot, which is a complimentary for “2-symbol*7” and “7-symbol*2”. 
Proposal 4. Support 4 sub-slots in a slot, not support 14 sub-slots in a slot.
PUCCH resource configuration and determination
For PUCCH resource configuration, it was agreed that the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot and they are the same PUCCH resource sets configured for different sub-slots within a slot.  Whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots is still under discussion.
Because if different PUCCH resource sets are configured for different sub-slots, there would be a large higher layer signalling of PUCCH resource sets when a UL sub-slot is configured with a small number of symbols. The major benefit of different PUCCH resource set configurations for different sub-slots is to achieve the maximum feasibility of PUCCH resource configuration. But clearly, this gain is too small compared with same PUCCH resource sets. Thus it is not preferred that different PUCCH resource sets configured for different sub-slots within a slot.
Proposal 5. The different PUCCH resource sets should not be configured for different sub-slots within a UL slot.
More than one sub-slot-based HARQ-ACK codebooks
As to the number of simultaneous constructing HARQ-ACK codebooks with sub-slot level HARQ-ACK feedback, it is preferred only support one sub-slot level HARQ-ACK codebook for URLLC and one slot level HARQ-ACK codebook for eMBB. In our understanding, the major benefit of simultaneously constructing two or more HARQ-ACK codebooks with sub-slot level HARQ-ACK feedback can provide different HARQ-ACK feedback timing for two or more traffic types of URLLC for a UE. But in this case, gNB can schedule one suitable HARQ-ACK timing for all these URLLC traffics instead, e.g. a shorter feedback delay, which is easier to implement and can provide a unified solution for HARQ-ACK feedback of different URLLC traffics. From this point of view, one sub-slot-based HARQ-ACK codebook for URLLC is sufficient. 
Proposal 6. Not support simultaneous constructing two or more HARQ-ACK codebooks with sub-slot level HARQ-ACK feedback.
HARQ-ACK codebook
In Rel-16 URLLC, dynamic HARQ-ACK codebook can reuse the mechanism in Rel-15 without much extra specification work. However, for the semi-static HARQ-ACK codebook, several issues need to be solved.
In the RAN1 #96bis meeting, the following work assumption was reached [4].
Working assumption:
· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]If the above WA is agreed, there might be an issue for the Rel-16 URLLC semi-static HARQ-ACK codebook. Although, it has been agreed two HARQ-ACK codebooks can be constructed simultaneously for different traffics. It may also possible that the HARQ-ACK of eMBB and URLLC are multiplexed in a single HARQ-ACK codebook. In Rel-15, in semi-static HARQ-ACK codebook, occasions for candidate PDSCH receptions are determined based on the non-overlapping PDSCH candidates, the Rel-15 UE is not expected to received two PDSCHs overlapping in the time domain. However, if this limitation is abolished, and the UE receives two PDSCHs overlapping in the time domain, current semi-static HARQ-ACK codebook may not be able to feedback these two PDSCHs.
In the last meeting, the reference of SLIV is also discussed and it is proposed that for time domain resource allocation indication for PDSCH for Rel-16 URLLC, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is configurable [4]. The benefits of the proposal is obvious, the bits for indicating the TDRA can be reduced. However, for the semi-static HARQ-ACK codebook, it brings in an issue of how to determine the occasions for candidate PDSCH receptions. In our understanding, the occasions for candidate PDSCH receptions should be determined by the set of candidate PDSCH receptions considering all the configured PDCCH monitoring occasions. In addition, candidate PDSCH receptions that go across slot boundary or has UL symbol conflicts should be precluded.

In Rel-15, occasions for candidate PDSCH receptions are determined per DL slot. Considering the UL SCS can be larger than the DL SCS, the size of Rel-15 semi-static HARQ-ACK can be overbooked. To reduce the semi-static HARQ-ACK codebook for Rel-16 URLLC, occasions for candidate PDSCH receptions can be determined on a UL sub-slot unit. For a UL sub-slot n and the set of K1, first determining the PDSCH candidates ending within UL sub-slot n-k, where . Then preclude unreasonable PDSCH candidates including DL/UL conflicts and going across DL slot boundary. The remaining procedures can follow Rel-15.
Proposal 7. Semi-static HARQ-ACK codebook for Rel-16 URLLC should be further enhanced.
Intra-UE prioritization/multiplexing
When a resource of uplink control or data transmission overlaps with another uplink resource in the time domain, if the collision happens between the same traffic types, Rel-15 rules should be reused, otherwise, URLLC traffic should be prioritized. Table 1 gives our suggestions for prioritization and dropping behaviours for handling collisions. 
Proposal 8. Solutions in Table 1 should be considered for collision scenarios.
Table 1: Solutions for collision scenarios
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rules
	
	
	

	CSI
	Drop CSI if URLLC SR is positive
	Drop CSI
	
	

	URLLC PUSCH
	Reuse Rel-15 rules
	Reuse Rel-15 rules
	Drop CSI

	

	eMBB SR
	Up to UE’s implementation
	Drop eMBB SR
	Reuse Rel-15 rules
	Drop eMBB SR

	eMBB HARQ-ACK
	Drop eMBB HARQ-ACK  if URLLC SR is positive
	Drop eMBB HARQ-ACK
	Reuse Rel-15 rules
	Drop eMBB HARQ-ACK

	eMBB PUSCH
	Drop eMBB PUSCH if URLLC SR is positive
	Drop eMBB PUSCH 
	Reuse Rel-15 rules
	Drop eMBB PUSCH 


[bookmark: OLE_LINK33][bookmark: OLE_LINK34]A URLLC SR collides with a URLLC HARQ-ACK
An SR in a PUCCH transmission can use either PUCCH format 0 or PUCCH format 1. It was agreed that Rel-15 mechanism should be reused for a URLLC SR colliding with a URLLC HARQ-ACK, except for SR with PUCCH format 0 and HARQ-ACK with PUCCH format 1. In particular, when URLLC SR of format 0 collides with eMBB HARQ-ACK of format 1, SR is directly dropped in Rel-15 and no multiplexing is supported. For simplicity, this rule should be kept for URLLC that we can directly drop URLLC SR of format 0 in this case. The first reason is if SR and HARQ-ACK are with the same priority even if they are both with the high priority, gNB can schedule or configure suitable PUCCH resources for a SR and a HARQ-ACK. SPS PDSCH HARQ-ACK can be configured to use a PUCCH format 0 resource if SR does not expected to be dropped. Alternatively, a dynamic HARQ-ACK on PUCCH can be scheduled with a PUCCH format 1 resource if this SR can be dropped. In summary, gNB can make decisions whether SR should be dropped or not, and configure suitable formats for PUCCH resources accordingly. Therefore the Rel-15 rules can be reused for a URLLC SR with PF0 vs a URLLC HARQ-ACK with PF1, a URLLC SR is dropped.
Proposal 9. When a URLLC SR using PF0 collides a URLLC HARQ-ACK using PF1, a URLLC SR is dropped.

Another issue is how to multiplex a URLLC SR on a PUCCH format 2/3/4 resource with eMBB HARQ-ACK. In Rel-15, when a PUCCH with HARQ-ACK using format 2/3/4 collides with a PUCCH with SR,  bits representing a negative or positive SR are appended to the HARQ-ACK information bits and the UE transmits the combined UCI bits in a PUCCH. Obviously these additional payloads for all SR PUCCH resources are too high especially for URLLC. One simple method is only the high priority SR information should be appended to URLLC HARQ-ACK bits, and lower priority SR such as eMBB SR should not be included.  
Proposal 10. When a URLLC SR collides with a URLLC HARQ-ACK using PF2/3/4, only the high priority SR information should be appended to URLLC HARQ-ACK bits, and the lower priority SR such as eMBB SR should not be included.
Error cases for a URLLC HARQ-ACK collides with a URLLC PUSCH
In Rel-15, when a HARQ-ACK collides with a PUSCH, it should multiplex HARQ-ACK on PUSCH if timeline is met, otherwise it is an error case. For URLLC, Rel-15 multiplexing rules were agreed to reuse if timeline is met. An open issue according to this scenario is the handling of error cases during the operation such as timeline is not met, a shorter time gap between PDSCH and PUCCH or PDCCH and PUSCH may be applied, an example as shown in Figure 2. 


Figure 2: an example of timeline checking
We suggest a unified solution should be applied for handling collision between a URLLC HARQ-ACK and a URLLC PUSCH. There are four collision cases as listed below. For these four cases, if their timelines are not met, they should be error cases. 
Case 1: A PDCCH scheduled PDSCH HARQ-ACK collides with a PDCCH scheduled PUSCH
Case 2: A SPS PDSCH HARQ-ACK collides with a PDCCH scheduled PUSCH
Case 3: A PDCCH scheduled PDSCH HARQ-ACK collides with a configured grant PUSCH
Case 4: A SPS PDSCH HARQ-ACK collides with a configured grant PUSCH
 According to Case 1/2/3, gNB is aware of scheduling the URLLC PUSCH resource on the resource of URLLC HARQ-ACK PUCCH, and it can potentially avoid collision resources if timeline is not met. There are at least one channel resource is under the control of gNB. If collision channels are both with high priority and do not meet the timeline requirements, a UE does not expect these cases. As to Case 4, gNB should configured non-overlapped resources for URLLC HARQ-ACK and URLLC PUSCH if not meet timeline gaps.
Proposal 11. When a URLLC HARQ-ACK collides with a URLLC PUSCH, it is an error case if timeline is not met.
Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. The configurable value range of K1 does not need to be extended and the maximum size of K1 set is 8.
Proposal 2. A PUCCH is allowed to go across sub-slot boundary but UE does not expect to transmit two overlapped PUCCHs with HARQ-ACK feedback for URLLC traffic.
Proposal 3. Limit of the number of PUCCH transmissions carrying HARQ-ACKs in a slot is no more than 4.
Proposal 4. Support 4 sub-slots in a slot, not support 14 sub-slots in a slot.
Proposal 5. The different PUCCH resource sets should not be configured for different sub-slots within a UL slot.
Proposal 6. Not support simultaneous constructing two or more HARQ-ACK codebooks with sub-slot level HARQ-ACK feedback.
Proposal 7. Semi-static HARQ-ACK codebook for Rel-16 URLLC should be further enhanced.
Proposal 8. Solutions in Table 1 should be considered for collision scenarios.
Table 1: Solutions for collision scenarios
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rules
	
	
	

	CSI
	Drop CSI if URLLC SR is positive
	Drop CSI
	
	

	URLLC PUSCH
	Reuse Rel-15 rules
	Reuse Rel-15 rules
	Drop CSI

	

	eMBB SR
	Up to UE’s implementation
	Drop eMBB SR
	Reuse Rel-15 rules
	Drop eMBB SR

	eMBB HARQ-ACK
	Drop eMBB HARQ-ACK  if URLLC SR is positive
	Drop eMBB HARQ-ACK
	Reuse Rel-15 rules
	Drop eMBB HARQ-ACK

	eMBB PUSCH
	Drop eMBB PUSCH if URLLC SR is positive
	Drop eMBB PUSCH 
	Reuse Rel-15 rules
	Drop eMBB PUSCH 



Proposal 9. When a URLLC SR using PF0 collides a URLLC HARQ-ACK using PF1, a URLLC SR is dropped.
Proposal 10. When a URLLC SR collides with a URLLC HARQ-ACK using PF2/3/4, only the high priority SR information should be appended to URLLC HARQ-ACK bits, and the lower priority SR such as eMBB SR should not be included.
Proposal 11. When a URLLC HARQ-ACK collides with a URLLC PUSCH, it is an error case if timeline is not met.
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