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Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK4]According to the new WID on physical layer enhancements for NR URLLC[1], specification of UCI enhancements is listed as follows:
· More than one PUCCH for HARQ-ACK transmission within a slot.
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE.
According to the new WID on physical layer enhancements for NR IIoT[2], specification of UL data/control and control/control resource collision is listed as follows:
· [bookmark: OLE_LINK18]specifying prioritization and/or multiplexing 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].
In the study item phase of NR URLLC, the following agreements on UCI enhancements were reached as a starting point for work item phase[3].
Agreements:
· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2
· FFS whether or not CBG configuration is supported for Rel-16 URLLC
Agreements:
· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to transmit in resources overlapping in time
· FFS details, e.g., multiplexing and/or prioritizing or parallel tx – revisit later this week
Agreements:
[bookmark: OLE_LINK15]When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 
· FFS in potential WI the details of the PHY identification
Agreements:
[bookmark: _Hlk2297271]For Scenario 4 and 5, RAN1 recommends considering the prioritization and/or multiplexing behaviour among URLLC/eMBB HARQ-ACK/SR/CSI and URLLC/eMBB PUSCH, including the cases with UCI on PUCCH and UCI on PUSCH.
Note: RAN1 has not conclude whether to support prioritization, or multiplexing, or both
Agreements:
For scenario 2 as listed in R1-1814342, in case the collision between configured grant and dynamic grant occurs in physical layer, options to determine the prioritization between configured grant and dynamic grant include at least – to be further investigated during the WI phase:
· Priority at PHY is determined by MAC layer for the purpose of PHY prioritization.
· Note: this may or may not have any RAN1 impact
· Priority at PHY is determined via using PHY channel(s)/signal(s)/parameters for the purpose of PHY prioritization.
· It is configurable as part of the configured grant configuration whether it should have higher priority than dynamic grant in case of conflict.
· Other options are not precluded.
In this contribution, we discuss UL control related enhancements for NR URLLC.
How to support multiple HARQ-ACK transmissions in one slot
2.1 The number of PUCCH transmissions for HARQ-ACK for URLLC only in a slot
[bookmark: OLE_LINK6]Given the limited time budget of URLLC traffic, it is better to transmit HARQ-ACK information as soon as possible. For the extreme case, HARQ-ACK can be transmitted on any symbol of an uplink slot so that the maximum number of PUCCH transmissions for HARQ-ACK can be 14. 
Considering the possible number of URLLC PDSCHs in a slot, the maximum number of PUCCHs for HARQ-ACK may not be that large. But we believe it should be at least two PUCCH transmissions for HARQ-ACK in a slot for URLLC traffic to provide acceptable latency. An example is given to illustrate that when only URLLC PDSCHs are transmitted in Figure 1.


Figure 1. More than one PUCCH for HARQ-ACK transmission for URLLC in a slot
In Figure 1, for TDD, PDSCH1, PDSCH2 and PDSCH3 of URLLC are transmitted in DL slot n respectively, the HARQ-ACK of PDSCH1 and PDSCH2 should be transmitted in PUCCH1 in slot n+1(here, N1 is assumed to be 5 symbols). However, the timeline of PDSCH3 cannot be satisfied in PUCCH1, so that the HARQ-ACK of PDSCH3 cannot be transmitted in PUCCH1 and has to be transmitted in PUCCH2 which is 3 symbols later. Otherwise the HARQ-ACK for PDSCH3 would be postponed to the next UL slot and may cause unacceptable latency.
If the HARQ-ACK of eMBB and URLLC can be multiplexed together, the total number of PUCCH transmissions is at least two. But if the HARQ-ACK of eMBB and URLLC cannot be multiplexed together since the increase of HARQ-ACK bit may degrade the decoding performance of PUCCH, and there is already one HARQ-ACK PUCCH transmission for eMBB in a slot thus the total number of PUCCH transmissions is at least three. In order to reduce the PUCCH latency, a maximum of 14 HARQ-ACK transmission opportunities can be supported in one slot.
[bookmark: OLE_LINK2]Proposal 1: At least two PUCCH transmissions for HARQ-ACK for only URLLC traffic should be allowed in a slot. The maximum number of PUCCH opportunities for HARQ-ACK in a slot can be 14.
2.2 The unit of k1: subslot or slot
Refining the unit of k1 to subslot or several symbols is a possible way to enable more than one PUCCH for HARQ-ACK transmission in one slot but it also brings some disadvantages:
· In NR Rel-15, PDSCH time domain resource allocation and PUCCH resource allocation are defined within one slot. If the unit of k1 is reduced to subslot, the cross-subslot transmission may cause problems especially when the subslot contains 2 symbols. A new PDSCH/PUCCH time domain resource allocation can be specified to adapt to subslot, while it would incur too much workload. Moreover, if a UE has eMBB and URLLC services at the same time, compatibility between k1 of eMBB ACK/NACK and k1 of URLLC ACK/NACK may need extra effort if they are in different units. 
· After the unit of K1 is refined to a smaller unit, more overhead is required to indicate a larger interval.  Otherwise, the range of intervals that k1 can indicate is limited. For TDD, there will be even larger intervals that need to be indicated, especially if the SCS is large. An example is shown in Figure 2, when there is one UL slot after one or two consecutive DL slots, the HARQ-ACK of the PDSCH in these DL slots needs to be transmitted in the UL slot. However, the interval corresponding to the HARQ-ACK of the PDSCH in the first DL slot is large. Then k1 requires more overhead to indicate this large interval. If it is assumed that the unit of k1 is a 3/4-symbol subslot, then k1 needs 3 bits to indicate this large interval.


Figure 2. When the unit of k1 is subslot, more than one PUCCH for HARQ-ACK for URLLC in a slot
The unit of k1 is still one slot if Rel-15 NR definition is reused. Then, k1={1,2} can be used for that UL/DL configuration and only 1 bit is required for HARQ-ACK timing in DCI.
Keeping the unit of k1 as one slot has better compatibility. PRI field in DCI can be used to select a PUCCH resource with a proper time location within the indicated slot. Essentially, NR Rel-15 scheme can be reused in NR Rel-16. The PUCCH resource indication can allow supporting more than one PUCCH in a slot. This can achieve multiple PUCCH feedbacks in one slot and avoid multiplexing problem for different schemes. In this sense, schemes keeping Rel-15 k1 definition as one slot for more than one PUCCH for HARQ-ACK transmission in a slot should be prioritized.
[bookmark: OLE_LINK5]Proposal 2: The unit of k1 should be kept as one slot. In supporting more than one PUCCH for HARQ-ACK transmission in one slot, schemes based on one-slot k1 unit assumption should be prioritized.
2.3 Separating multiple PUCCH for HARQ-ACK within a slot
In order to achieve more than one PUCCHs for HARQ-ACK transmission in a slot, PDSCH grouping scheme can be adopted, that is,
· Indicating a valid PUCCH for HARQ-ACK transmission for each PDSCH group; 
· The PUCCH resources of each PDSCH group cannot overlap in time domain.
A related question is how to do PDSCH grouping. Several methods has been proposed in last meeting, which can be classified into two types. Type I is semi-static PDSCH grouping, such as proposed in [4][5], where RRC configuration and/or minimum timeline is used for grouping. Type II is dynamic PDSCH grouping, such as proposed in [4][6][7][8] where DCI related information is used for grouping. In our view, dynamic PDSCH grouping has the benefit of fast adaptability to reduce latency compared to semi-static methods, and thus should be prioritized.
For dynamic PDSCH grouping, the division of the PDSCH group should have high flexibility. For example, as many as possible PDSCH groups should be distinguished, while low overhead should be maintained. Implicit or explicit methods can be used. Implicit methods include PRI or RNTI implicit notification. For example, PDSCHs with the same PRI/RNTI indication form one PDSCH group. Alternatively, a new field in DCI could be introduced to explicitly indicate the grouping information. For example, using one bit to indicate which group the current PDSCH is in. 
[bookmark: OLE_LINK19]The PDSCH group mode can also be used for the Type I codebook. For example, each PDSCH group can generate an independent semi-static HARQ-ACK codebook, and the unit of k1 is still one slot. Within each PDSCH group, the semi-static HARQ-ACK codebook mechanism in Rel-15 can be reused.
[bookmark: OLE_LINK7]Proposal 3: Introduce explicit or implicit signaling mechanism in the physical layer for dynamic PDSCH grouping to support Type I and Type II codebook for multiple PUCCHs for HARQ-ACK transmission in one slot. For example, 1-bit signaling overhead is considered in DCI.
2.4 PUCCH resources for at least two HARQ-ACK codebooks
[bookmark: OLE_LINK13]From our understanding, each group of PDSCH generates a HARQ-ACK codebook. All PDSCHs within a PDSCH group should correspond to one service type. Obviously, PDSCHs of the same service type within a slot can be divided into one or more PDSCH groups.
As already agreed, HARQ-ACK codebook of URLLC and eMBB should be separate. But it is not optimal to always force the HARQ-ACK resource of eMBB and URLLC to be separate. PUCCH resources should remain flexible and do not require additional restrictions. The following provides a possible method.
· First, each separate HARQ-ACK codebook should be generated based on a PDSCH group. The same mechanism for PUCCH resource configuration in RRC layer is applied for different HARQ-ACK codebooks. The unified PUCCH resource sets is used for all HARQ-ACK codebooks.
· [bookmark: OLE_LINK14]The same or different PUCCH resources can be allocated for different HARQ-ACK codebooks according to the actual scheduling requirements. 
· If the same PUCCH resource is allocated, different HARQ-ACK codebooks should be multiplexed in this PUCCH. For example, if both HARQ-ACK codebooks contain less HARQ-ACK information, such as 1 bit, they can be concatenated and multiplexed into one PUCCH resource, which helps to save PUCCH resources.
· If different and non-overlapping PUCCH resources are allocated, different HARQ-ACK codebooks should be transmitted on separate PUCCH resources. This applies to the case when there are sufficient PUCCH resources and the case when each HARQ-ACK codebook contains more HARQ-ACK information bits.
· [bookmark: OLE_LINK10][bookmark: OLE_LINK9]If different and overlapping PUCCH resources are allocated, new conditions can be considered for PUCCH multiplexing, for example, when the new PUCCH satisfies the requirements of the URLLC in terms of delay and performance (see section 3.2 for details).
Therefore, PUCCH resources should be flexibly allocated for different HARQ-ACK codebooks. Obviously, the above method can be applied to both Type I and Type II codebook.
Proposal 4: For a Rel-16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE. Detailed requirements includes:
· All PDSCHs within a PDSCH group should correspond to one service type.
· Each separate HARQ-ACK codebook should be generated based on a PDSCH group. 
· PUCCH resource configuration in Rel-15 is reused.
· [bookmark: OLE_LINK12]The unified PUCCH resource sets is used for all HARQ-ACK codebooks.
· The same or different PUCCH resources can be allocated for different HARQ-ACK codebooks according to the actual scheduling requirements.
· If different and overlapping PUCCH resources are allocated, the new conditions can be considered for PUCCH multiplexing, for example, when a new PUCCH satisfies the requirements of the URLLC in terms of delay and performance.
· [bookmark: OLE_LINK22][bookmark: OLE_LINK24]The above requirements apply to both Type I and Type II HARQ-ACK codebook.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]UL data/control and control/control resource collision with different service types 
3.1 UL data/control resource collision with different service types
In NR Rel-15, if a PUCCH and a PUSCH overlap in time domain, the UCI (except SR) carried in the PUCCH is transmitted through the PUSCH, and the PUCCH is dropped. 
In NR Rel-16, if UCI is URLLC, PUSCH is eMBB, and the rules of UCI multiplexing in PUSCH in Rel-15 are reused, the final UCI-bearing symbol position may be different from the original UCI PUCCH. In this way, it will probably cause the URLLC UCI to be delayed. Conversely, if the eMBB UCI is multiplexed on the URLLC PUSCH, the performance of the URLLC PUSCH will be degraded. 
Another typical case is URLLC SR and eMBB PUSCH overlaping in time domain. In Figure 3, a positive URLLC SR is generated during the transmission of PUSCH. In NR Rel-15, the SR will be dropped. However, in this case, this positive URLLC SR should be transmitted in NR Rel-16, so the priority of the SR should also be known if the collision needs to be resolved in the physical layer. 

Figure 3. URLLC SR overlaps with long PUSCH in time domain
In order to resolve this conflict, the simplest way is to drop the low priority PUCCH/PUSCH, but it will result in data retransmission or other effects, depending on the type of UCI carried in the PUCCH.
Other solutions include, for example, when the eMBB UCI is multiplexed on the URLLC PUSCH, in order to protect the URLLC PUSCH performance, the base station configures beta<1 (or even beta=0) in the DCI to ensure that the performance of the URLLC PUSCH does not degrade. However, this will affect the performance (or even transmission) of the eMBB, i.e., if the eMBB UCI is a HARQ-ACK codebook, it may cause a large number of eMBBs to be retransmitted. Therefore, we propose that RAN1 should consider the transmission performance and opportunities of eMBB UCI while ensuring the performance of URLLC PUSCH. 
[bookmark: OLE_LINK21]It is also a solution that a URLLC PUCCH is transmitted through the punctured eMBB PUSCH in overlapping symbols. In this way, the original URLLC PUCCH is maintained, so its urgency and reliability can be guaranteed. In some cases, it is also possible that eMBB PUSCH is correctly decoded when there are only few overlapping symbols.
Proposal 5: RAN1 should consider the following solutions to resolve the UL data/control resource collision with different service types:
· If the eMBB UCI is to be multiplexed on the URLLC PUSCH, the base station can set beta < 1 or even 0. However, RAN1 should consider the transmission performance and opportunities of eMBB UCI.
· URLLC PUCCH is transmitted through the punctured eMBB PUSCH in overlapping symbols.
3.2 UL control/control resource collision with different service types
In NR Rel-15, if UCI PUCCHs overlap in the time domain, all UCIs are multiplexed into one PUCCH (also including dropping rules according to UCI priority). However, in NR Rel-15, eMBB is the main service, so the influence of delay is not considered when formulating UCI multiplexing rules. In NR Rel-16, in order to better support URLLC, there are some problems when reusing the Rel-15 UCI multiplexing rule. For example, when multiple overlapping UCI PUCCHs are multiplexed in one PUCCH, it may cause partial UCI PUCCH transmission to be delayed since the location/length of this PUCCH may vary with respect to each of the original UCI PUCCHs. That is, it possibly results in failure of meeting latency requirement of the corresponding URLLC traffic.
A typical case is that the base station first schedules one eMBB HARQ-ACK PUCCH transmission in one slot, and schedules a later URLLC HARQ-ACK PUCCH transmission in the same slot, and the PUCCHs overlap in the time domain. This is mainly because the HARQ-ACK PUCCH of the URLLC needs to be transmitted in time. 
Another typical case is shown in Figure 4, where a positive URLLC SR is generated during the transmission of PUCCH. The SR will be transmitted together with the HARQ-ACK/CSI PUCCH. It can only be detected after the end of the long PUCCH transmission. Thus, the positive URLLC SR is delayed. Enhancements should be considered to enable earlier transmission of positive SR in this case. 
In addition, SRs of different periodicities can be configured for one UE. However, the UE does not know that the priority of each SR is from the physical layer. The priority of the SR should also be known if the collision needs to be resolved in the physical layer.

Figure 4. URLLC SR overlaps with long PUCCH in time domain
[bookmark: OLE_LINK20]In order to resolve this conflict, the simplest way is to drop the low priority PUCCH, but it will result in data retransmission or other effects, depending on the type of UCI carried in the PUCCH.
Other solutions include introducing new conditions for PUCCH multiplexing on top of the conditions of Rel-15. For example, the new PUCCH should satisfy the requirements of the URLLC in terms of delay and performance. For example, if multiple PUCCHs including a URLLC PUCCH need to be multiplexed in one PUCCH (denoted as a new PUCCH): 
· In order not to affect the URLLC PUCCH reliability, the URLLC UCI and eMBB can be independently encoded, and then they are transmitted using the new PUCCH resource.
· In order not to affect the URLLC PUCCH latency, the end of the new PUCCH is no later than the end of the URLLC PUCCH.
It is also a solution that a URLLC PUCCH is transmitted through the punctured eMBB PUCCH in overlapping symbols. In this way, the original URLLC PUCCH is maintained, so its urgency and reliability can be guaranteed. In some cases, it is also possible that eMBB PUCCH is correctly decoded when there are only few overlapping symbols.
[bookmark: OLE_LINK8]Proposal 6: New conditions and methods should be considered for multiplexing overlapping PUCCHs containing URLLC PUCCH in one PUCCH (denoted as a new PUCCH), for example:
· The end of the new PUCCH is no later than the end of the URLLC PUCCH.
· The URLLC UCI and eMBB can be independently encoded, and then they are transmitted using the new PUCCH resource.
· The URLLC PUCCH can be transmitted through the punctured eMBB PUCCH in overlapping symbols.
Conclusions
According to the analysis given above, we have the following observations and proposals:
 Proposal 1: At least two PUCCH transmissions for HARQ-ACK for only URLLC traffic should be allowed in a slot. The maximum number of PUCCH opportunities for HARQ-ACK in a slot can be 14.
Proposal 2: The unit of k1 should be kept as one slot. In supporting more than one PUCCH for HARQ-ACK transmission in one slot, schemes based on one-slot k1 unit assumption should be prioritized.
Proposal 3: Introduce explicit or implicit signaling mechanism in the physical layer for dynamic PDSCH grouping to support Type I and Type II codebook for multiple PUCCHs for HARQ-ACK transmission in one slot. For example, 1-bit signaling overhead is considered in DCI.
Proposal 4: For a Rel-16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE. Detailed requirements includes:
· All PDSCHs within a PDSCH group should correspond to one service type.
· Each separate HARQ-ACK codebook should be generated based on a PDSCH group. 
· PUCCH resource configuration in Rel-15 is reused.
· The unified PUCCH resource sets is used for all HARQ-ACK codebooks.
· The same or different PUCCH resources can be allocated for different HARQ-ACK codebooks according to the actual scheduling requirements.
· If different and overlapping PUCCH resources are allocated, the new conditions can be considered for PUCCH multiplexing, for example, when a new PUCCH satisfies the requirements of the URLLC in terms of delay and performance.
· The above requirements apply to both Type I and Type II codebook.
Proposal 5: RAN1 should consider the following solutions to resolve the UL data/control resource collision with different service types:
· If the eMBB UCI is to be multiplexed on the URLLC PUSCH, the base station can set beta < 1 or even 0. However, RAN1 should consider the transmission performance and opportunities of eMBB UCI.
· URLLC PUCCH is transmitted through the punctured eMBB PUSCH in overlapping symbols.
Proposal 6: New conditions and methods should be considered for multiplexing overlapping PUCCHs containing URLLC PUCCH in one PUCCH (denoted as a new PUCCH), for example:
· The end of the new PUCCH is no later than the end of the URLLC PUCCH.
· The URLLC UCI and eMBB can be independently encoded, and then they are transmitted using the new PUCCH resource.
· The URLLC PUCCH can be transmitted through the punctured eMBB PUCCH in overlapping symbols.
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