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Introduction
In RAN1 #96bis meeting, the following agreements were reached to support UCI enhancements for URLLC[1].
Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.
Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook
FFS: For SPS PDSCH (including SPS release PDCCH)
In this contribution, we discuss UL control related enhancements for NR URLLC including multiple HARQ-ACK transmission in one slot and aspects related to intra-UE multiplexing between UL data/control and control/control.
Multiple HARQ-ACK transmissions in one slot
2.1 Applicability for Type I HARQ-ACK codebook for URLLC
[bookmark: OLE_LINK25]In NR Rel-15, Type I and Type II HARQ-ACK codebooks are supported, and HARQ-ACK codebook fallback operation is supported in order to reduce HARQ-ACK codebook overhead in some cases (for example, only one PDSCH is transmitted in a HARQ-ACK codebook window). In the RAN1#96bis meeting, it was agreed that at least Type II HARQ-ACK codebook based on sub-slot construction is supported for Rel-16 URLLC, while it is FFS for Type I HARQ-ACK codebook. In the following, we further investigate the benefits and use cases for Type I HARQ-ACK codebook for Rel-16 URLLC. 
· Reduce DCI overhead
Type I HARQ-ACK codebook does not require DAI field and therefore saves the DCI overhead. If Type II HARQ-ACK codebook is used, 4 bits DAI overhead is required in the DL DCI, and 2 bits DAI overhead is required in the UL grant.
· Avoid padding overhead for periodic and deterministic URLLC traffic by gNB implementation
Type I HARQ-ACK codebook is more suitable for periodic and deterministic URLLC traffic types, such as differential protection of power distribution and factory automation. Some reasons are as follows:
gNB can reduce Type I HARQ-ACK codebook overhead to the same as Type II HARQ-ACK codebook by implementation. For example, for periodic and deterministic URLLC traffic, the actual PDSCH transmissions occasions can be predetermined. So the set of k1 values can be configured to match the periodicity of the URLLC traffic. An example is shown in Figure 1. If the periodicity of the URLLC transmission is 2 sub-slots, the set of k1 values is configured as a multiple of the periodicity, e.g., k1 = {2, 4, 6, 8, ...}. Thus, only the sub-slots that actually transmit the URLLC are selected to generate a Type I HARQ-ACK codebook, thereby the padding overhead can be reduced from the sub-slot level. Furthermore, the PDSCH candidate resources can be independently configured for the URLLC traffic in the sub-slot, ensuring one valid URLLC transmission opportunity in one sub-slot, thereby the padding overhead can be avoided from the PDSCH candidate resource level.
In the above use cases, Type I HARQ-ACK codebook is the simplest and most efficient way for HARQ-ACK feedback, and it does not introduce additional padding overhead.

[image: ]
Figure 1. An example of avoiding padding overhead through the implementation of the gNB
· Optimal robustness
The size of Type I HARQ-ACK codebook is determined according to the valid PDSCH candidate resources configured by RRC parameter, and is not determined according to the blind detection of the DCI. So, Type I HARQ-ACK codebook offers more robustness.
[bookmark: OLE_LINK27]Through the above analysis, Type I HARQ-ACK codebook has its own advantages and use cases, so we believe that Type I HARQ-ACK codebook should be also supported for different service types in case of multiple HARQ-ACK codebooks for different service types.
[bookmark: OLE_LINK5]Proposal 1: Type I HARQ-ACK codebook based on sub-slot construction should be supported Rel-16 URLLC.
2.2 Other details for the sub-slot-based HARQ-ACK procedure
In order to support multiple HARQ-ACK PUCCH transmissions in one slot, the UL slot is divided into multiple sub-slots, and there is one HARQ-ACK PUCCH transmission in each sub-slot. 
Other details that need to be discussed for sub-slot-based HARQ-ACK feedback approach include e.g.:
· DL sub-slot and PDSCH-to-sub-slot association. 
It was agreed that the PDSCH candidate resource configuration is still based on the slot (not limited to the sub-slot). It is natural to associate one PDSCH with one sub-slot according to the end of the PDSCH when determining the HARQ-ACK codebook. Obviously, if the DL slot does not support sub-slots, then the determination of the sub-slot with k1 = 0 needs to be discussed further, which will complicate the issue. 
[bookmark: OLE_LINK29]Therefore, we propose that DL slot should also be divided into sub-slots, similar to UL slots.
· Number or length of sub-slots in a slot
[bookmark: OLE_LINK11]The number of sub-slots in slot and length of one subslot can be configured by RRC signaling, e.g, the number of sub-slots is 2, 4, 7, 14, etc.
· Details of PUCCH resource configuration and determination. 
PUCCH can be allowed to go across sub-slot boundary, especially if the sub-slot duration is small. The PUCCH is associated with a sub-slot according to the PUCCH start symbol. Another possible way is that PUCCH resource configuration is sub-slot-based, and the mechanism in Rel-15 can be reused. We prefer the latter slightly because it is simpler.
· [bookmark: OLE_LINK7]PDSCH groupings and PHY identification for separate HARQ-ACK constructions.
For Type II HARQ-ACK codebooks, some brief analysis for the agreed four options are listed as follows:
· Identifying by the DCI format - It limits the use of the DCI format to different services. In our view, even we introduce a new DCI format, it could be used for scheduling of both URLLC and eMBB services.
· Identifying by CORESET/search space - It complicates the configuration of the CORESET/search space.
· Identifying by RNTI - It is a simple way and does not increase DCI overhead.
· Identifying by explicit indication in DCI - A new field to identify the HARQ-ACK codebook is a simple way. Although it may increase the overhead of DCI, it will be convenient for implementation. 
From our understanding, a new field in DCI or a predefined RNTI can be supported to identify a HARQ-ACK codebook for dynamically-scheduled PDSCHs.
· HARQ-ACK codebook identification for Type I HARQ-ACK codebook
For Type I HARQ-ACK codebook, since its determination is excessively based on the PDSCH candidate resources, the duration of the PDSCH can be considered for identifying a HARQ-ACK codebook. For example, a PDSCH candidate resource with a duration of 4 symbols or less (denoted as PDSCH_A) is counted in one HARQ-ACK codebook; A PDSCH candidate resource with a duration greater than 4 symbols (denoted as PDSCH_B) is counted in another HARQ-ACK codebook. In addition, for the sake of flexibility, if URLLC has no data to be transmitted, the gNB can transmit eMBB in PDSCH_A, but the gNB can not transmit URLLC in PDSCH_B. This is a simple and easy way to implement and also compatible with the logical channel to physical resource management principle in MAC layer.
· For SPS PDSCH (including SPS release PDCCH)
For the SPS PDSCH (including SPS release PDCCH), the HARQ-ACK codebook can be identified by the duration of the PDSCH, which is the same as that used in Type I HARQ-ACK codebook.
Through the above analysis, the following proposals can be obtained for supporting multiple PUCCHs for HARQ-ACK within a slot.
[bookmark: OLE_LINK2]Proposal 2: For supporting multiple PUCCHs for HARQ-ACK within a slot:
· A DL slot should also be divided into sub-slots, similar to UL slots.
· The PDSCH-to-sub-slot association is determined based on the PDSCH ending symbol.
· The number of sub-slots is one of 2, 4, 7, and 14 in UL slot. 
· The PUCCH resource configuration can be slot-based or subslot-based. And subslot-based PUCCH configuration is more preferred.
· For Type II HARQ-ACK codebook, a new field in DCI or a predefined RNTI should be supported to identify a HARQ-ACK codebook for dynamically-scheduled PDSCHs.
· For Type I HARQ-ACK codebook, the duration of the PDSCH can be used to identify a HARQ-ACK codebook.
· A PDSCH candidate resource with a duration of N symbols or less is regarded as one HARQ-ACK codebook; A PDSCH candidate resource with a duration greater than N symbols is regarded as another HARQ-ACK codebook. E.g., N=4.
· For SPS PDSCH (including SPS release PDCCH), the duration of the PDSCH can be used to identify a HARQ-ACK codebook.
[bookmark: OLE_LINK4]2.3 PUCCH multiplexing for at least 2 HARQ-ACK codebooks
As already agreed, at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types. 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.
· [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 per HARQ-ACK codebook, 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 methods can be applied to both Type I and Type II codebook.
[bookmark: OLE_LINK3]Proposal 3: For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined in unit of sub-slot. Detailed requirements include:
· 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. FFS: Details of different HARQ-ACK codebook multiplexing.
· 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 service 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.
2.4 Construction of two HARQ-ACK codebooks
Regarding the construction of two HARQ-ACK codebooks, we believe that it is necessary to identify two HARQ-ACK codebooks at the physical layer, but it is not necessary to limit each HARQ-ACK codebook to only one service type. It can be left to the gNB to implement. 
[bookmark: OLE_LINK6]For example, the HARQ-ACK codebook 1 is supposed to be for a URLLC service, and the HARQ-ACK codebook 2 is for an eMBB service. But before the HARQ-ACK codebook is to be transmitted, the gNB finds that only one eMBB PDSCH is transmitted. In this case, the gNB allows the indication that the eMBB PDSCH corresponds to the HARQ-ACK codebook 1, such that the HARQ-ACK codebook 2 will be empty. The UE only feeds back the HARQ-ACK codebook 1. In this way, one PUCCH resource is saved. Another example, the gNB can indicate that some time-out URLLC HARQ-ACKs correspond to the HARQ-ACK codebook 2, and is also beneficial for saving PUCCH resources. One more example, for differential protection of power distribution with 6-7 ms air interface latency which requires comparatively loose time budget, the HARQ-ACK for these transmission can be associated to the HARQ-ACK codebook 2 for saving PUCCH resources. 
In short, some eMBB traffics can also be associated with a codebook containing URLLC HARQ-ACKs, and some URLLC traffics can also be associated with a codebook containing eMBB HARQ-ACKs.
Proposal 4: For the construction of multiple HARQ-ACK codebooks, each HARQ-ACK codebook should not be limited to contain HARQ-ACKs for only one type of service and should be left to the base station for implementation.
[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 2, 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. 
[image: ]
Figure 2. 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 gNB 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 gNB 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, Some enhancement are needed 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 final determined PUCCH can be later than some 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 gNB 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 3, 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 the priority of each SR in physical layer. Therefore the priority of the SRs should also be known in physical layer if the collision needs to be resolved.
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Figure 3. URLLC SR overlaps with long PUCCH in time domain
[bookmark: OLE_LINK20]For each of the above conflicting case, the simplest way to resolve it is to drop the low priority PUCCH. But it will result in data retransmission or other side 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: Type I HARQ-ACK codebook based on sub-slot construction should be supported Rel-16 URLLC.
Proposal 2: For supporting multiple PUCCHs for HARQ-ACK within a slot:
· A DL slot should also be divided into sub-slots, similar to UL slots.
· The PDSCH-to-sub-slot association is determined based on the PDSCH ending symbol.
· The number of sub-slots is one of 2, 4, 7, and 14 in UL slot. 
· The PUCCH resource configuration can be slot-based or subslot-based. And subslot-based PUCCH configuration is more preferred.
· For Type II HARQ-ACK codebook, a new field in DCI or a predefined RNTI should be supported to identify a HARQ-ACK codebook for dynamically-scheduled PDSCHs.
· For Type I HARQ-ACK codebook, the duration of the PDSCH can be used to identify a HARQ-ACK codebook.
· A PDSCH candidate resource with a duration of N symbols or less is regarded as one HARQ-ACK codebook; A PDSCH candidate resource with a duration greater than N symbols is regarded as another HARQ-ACK codebook. E.g., N=4.
· For SPS PDSCH (including SPS release PDCCH), the duration of the PDSCH can be used to identify a HARQ-ACK codebook.
Proposal 3: For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot. Detailed requirements include:
· 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. FFS: Details of different HARQ-ACK codebook multiplexing.
· 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 HARQ-ACK codebook.
Proposal 4: For the construction of multiple HARQ-ACK codebooks, each HARQ-ACK codebook should not be limited to contain HARQ-ACKs for only one type of service and should be left to the base station for implementation.
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 gNB 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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