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Introduction
In the RAN1 Ad-Hoc#1901 meeting , in order to better support URLLC in NR Rel-16, the following agreement and conclusion were reached.
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:
· Down-select in RAN1#96 for potential A-CSI on PUCCH
· Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI.
· For measurement source
· Alt.1: Based on CSI-RS/CSI-IM measurement 
· Alt.2: Based on DMRS/PDSCH/PDCCH measurement
· For report quantity
· Alt.1: R15 baseline
· Alt.2: Delta CQI
· Alt.3: Delta SINR
· For report timeline
· Alt.1: R15 timeline
· Alt.2: New timeline
· Opt.2: A-CSI report on PUCCH based on group-common PDCCH (similar to A-SRS triggering in GC-PDCCH in Rel-15) using Rel-15 mechanisms for measurement source, report quatity, and timeline (A-CSI triggered to transmit on PUSCH)
· Opt.3: No A-CSI on PUCCH due to this SI
In this contribution, we mainly discuss UL control related enhancements for URLLC.
Multiple PUCCH for HARQ-ACK within a slot
2.1 The number of PUCCH transmissions for HARQ-ACK for URLLC only in a slot
[bookmark: OLE_LINK6]Given the urgent time budget of URLLC traffic, it is the best 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.
[bookmark: OLE_LINK2]Proposal 1: At least two PUCCH transmissions for HARQ-ACK for URLLC traffic should be allowed in a slot. The maximum number of PUCCH transmissions for HARQ-ACK in a slot can be 14.
2.2  The unit of k1
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. Some companies may argue that a new PDSCH/PUCCH time domain resource allocation can be specified to adapt to subslot. However, this is not preferable since it incurs 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.
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 two or more than two 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 1 is semi-static PDSCH grouping, such as proposed in [1][2], where RRC configuration and/or minimum timeline is used for grouping. Type 2 is dynamic PDSCH grouping, such as proposed in [1][3][4][5] 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. Explicit method such as adding 1bit overhead for grouping can be considered, and details are FFS.
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.
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.
Each group of PDSCH generates a HARQ-ACK codebook. All PDSCHs within a PDSCH group should correspond to one service type. Obviously, a service type can be divided into one or more PDSCH groups.
For separating HARQ-ACK resource/codebook of URLLC and eMBB, we believe that HARQ-ACK codebooks 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 corresponding service type. The same  mechanism for PUCCH resource configuration in RRC layer is applied for different HARQ-ACK codebooks. 
· 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, the 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, the different HARQ-ACK codebooks should be transmitted separately. This applies to the case when there are sufficient PUCCH resources and the case when each HARQ-ACK codebook contains more HARQ-ACK information.
· If different and overlapping PUCCH resources are allocated, the mechanism for resolving PUCCH resource conflicts should be used, and detailed processing can be discussed in the topic about intra-UE multiplexing.
Therefore, PUCCH resources should be flexibly allocated for different HARQ-ACK codebooks.
The above method can be applied to both Type I and Type II codebook.
Proposal 4: For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE. Detailed requirements includes:
· Each separate HARQ-ACK codebook should be generated based on a corresponding service type. 
· The same mechanism for PUCCH resource configuration in RRC layer is applied for different HARQ-ACK codebooks. 
· The same or different PUCCH resources can allocated for different HARQ-ACK codebooks according to the actual scheduling requirements.
· The above requirements apply to both Type I and Type II codebook.
2.4 Semi-static HARQ-ACK codebook design
In NR Rel-15, semi-static HARQ-ACK feedback window(that is K1 set in current specification) is configured for each HARQ-ACK PUCCH transmission opportunity in a UL slot. The feedback windows of two HARQ-ACK on two consecutive UL slots will be partially overlapped. As shown in Figure 3, K1={0,1,2} is configured.
[image: 9]
Figure 3: Partially overlapping of the feedback windows of two consecutive slots  
[bookmark: OLE_LINK7]Keeping k1 unit as one slot, the R15 semi-static HARQ-ACK codebook scheme is still workable when there are multiple HARQ-ACK opportunities in one slot. That is, for each HARQ-ACK opportunity, the feedback window is configured by K1 set. As shown in Figure 4, also assuming K1={0/1/2},the feedback window for each HARQ-ACK opportunity is configured by K1={0/1/2}.
However, it is also observed there can be quite a lot of overlapping feedback windows which can be double/tripled or even more based on the number of HARQ-ACK transmissions in one slot. In this case the overhead of semi-static HARQ-ACK codebook will be unacceptable. As shown in Figure 4, the overlapping of the HARQ-ACK feedback window will be doubled if two HARQ-ACK opportunities are configured in one slot. 
[image: 8]
Figure 4: Doubled overlapping of the feedback windows of two consecutive slots
[bookmark: OLE_LINK5]In order to achieve two or more PUCCHs for HARQ-ACK transmission in a slot and keep the per-slot k1 unit , a possible way to reduce the overhead is to split the feedback window for a slot among the multiple HARQ-ACK opportunities in the slot. That is, the feedback windows of each HARQ-ACK opportunity in a slot do not need to be overlapped but cover a separate period of the feedback window for the slot. As depicted in Fig 5, the feedback window of slot#2 is split by HARQ 1 and HARQ 2, thus the overlapping of feedback windows for different HARQ-ACK opportunities within one slot is eliminated.

[image: 7]
Figure 5: Split the feedback window for a slot among the multiple HARQ-ACK opportunities in a slot
One detail needs to be noted is that, the above feedback window splitting scheme,such as shown in Fig 5, does not cause extra scheduling restrictions or delays. It may be a little misleading that companies may think, in Fig 5, the PDSCH in slot 0 has to wait until slot 2 to get feedback which means at least one slot delay. But in fact, any PDSCH can get HARQ-ACK feedback in any UL slot within the K1 set. Let’s extend Fig 5 to more DL/UL slots to make our view clear.
Suppose K1 set and feedback window splitting  is configured the same as in Fig 5, for PDSCH in DL slot 1, the corresponding HARQ-ACK can be fed back in any UL slot within the K1 set, that is slot 1,slot 2 or slot 3, and details go as follows. 
In Fig 6, if the PDSCH is indicated to have feedback in HARQ-ACK1 in slot1, the HARQ-ACK1 will feedback for all PDSCH candidates in the split feedback window which corresponds to the split feedback window of HARQ 2 in Fig 5, that is slot 0 and slot 1. 
In Fig 7, if the PDSCH is indicated to have feedback in HARQ-ACK2 in slot2, the HARQ-ACK2 will feedback for all PDSCH candidates in the split feedback window which corresponds to the split feedback window of HARQ 2 in Fig 5, that is slot 1 and slot 2. 
In Fig 8, if the PDSCH is indicated to have feedback in HARQ-ACK3 in slot3, the HARQ-ACK3 will feedback for all PDSCH candidates in the split feedback window which corresponds to the split feedback window of HARQ 1 in Fig 5, that is slot 1. 
The split feedback window, which is shown with orange background, for the semi-static HARQ-ACK codebook  is different in each case, but it is obvious that the HARQ-ACK for PDSCH can be allocated in any slot within the K1 set as long as the minimum feedback timing is satisfied.
[image: 15]
Figure 6: Split feedback window of semi-static HARQ-ACK codebook for HARQ-ACK1
[image: 16]
Figure 7: Split feedback window of semi-static HARQ-ACK codebook for HARQ-ACK2

[image: 17]
Figure 8: Split feedback window of semi-static HARQ-ACK codebook for HARQ-ACK3

Proposal 5: Overhead of semi-static HARQ-ACK codebook should be reduced and feedback window splitting method can be considered.
[bookmark: OLE_LINK17]CSI enhancement 
CSI report scheme in NR first stage was basically designed for eMBB. For URLLC, it needs more accurate and up-to-date CSI to facilitate high reliability and low latency transmission. It is very helpful to acquire fresh CSI before initial transmission or retransmission. 
Here we take two scenarios for analysis on the benefits of the enhancement for A-CSI feedback.  For transport industry scenario, the latency requirement is relatively loose. The packet size is quite large and is expected to be partitioned into a number of TBs to complete the transmission of one packet.  So enhanced A-CSI feedback acquired from the first one or two slots of the packet transfer can be used for scheduling the last several TBs of the same packet.  In addition, enhanced A-CSI feedback can also be used for retransmission. In this scenario, it is obvious that if CSI report delay can be reduced, more TBs in the latter part of a packet can take advantage of enhanced A-CSI feedback of the TBs in the former part of the packet. So enhanced CSI report timeline should be studied further. For power distribution differential protection, the packet arriving interval is short as 0.833ms, so the enhanced A-CSI feedback corresponds to former packet can be used to schedule a later packet.  For similar reason as in transport industry scenario, enhanced CSI report timeline would be beneficial to more scheduling packets by having more accurate link adaptation.
3.1 Possible CSI enhancement
In order to improve the link adaptation for URLLC, the following enhancements can be considered:
· DL DCI trigger A-CSI feedback
A-CSI feedback can only be triggered by UL grant in Rel-15. This approach may bring PDCCH blocking when UL grant is only used to trigger A-CSI without UL data transmission. Especially when PDSCH and A-CSI trigger are needed at the same time, the probability of PDCCH blocking will further increase due to the reason that both DL DCI and UL DCI are needed at the same time. For P-CSI report, the periodicity could be a minimum of 4 slots. In that case, the RS and reporting overhead is relatively high. It is wasteful to do periodic CSI feedback frequently especially if the traffic is sporadic and it is too often late to start periodic or semi-persistent CSI after the traffic arrives.   In addition, 4 slots latency is high for the case of fast changing channel state. Based on the above analysis, neither current A-CSI nor P-CSI is efficient for URLLC. Therefore, CSI feedback scheme may need to be enhanced. One alternative scheme is to trigger CSI report explicitly via a DL grant and this CSI computation can be performed by measuring on the DMRS, and CSI report can be multiplexed with HARQ-ACK on the same PUCCH if HARQ-ACK is present.  
Based on our analysis, we have the following proposal:
Proposal 6:  Option 1 i.e. A-CSI report on PUCCH triggered by DL-scheduling DCI is supported.
· DMRS based CSI update with multi-level HARQ feedback
To combine with the first enhancement, CSI report can be multiplexed with HARQ-ACK on the same PUCCH if HARQ-ACK is present. Enhanced schemes of multiplexing CSI and HARQ-ACK can be considered.  For examples, soft HARQ feedback can be considered where HARQ ACK/NACK is jointly coded with CSI.  Multi-level HARQ feedback indicates how much room it has to increase the MCS (i.e. delta CQI/SINR)  when ACK is fed back.  Similarly, it indicates how much step down of MCS it needs to reach the target BLER when NACK is fed back.  The network then can determine the granted MCS based on CSI feedback and multi-level HARQ feedback. This is basically an enhancement to OLLA to enable faster convergence to a more accurate CSI.
In addition, DMRS based CSI scheme has the benefit of saving the overhead of measurement resources i.e. CSI-RS and CSI-IM overhead. This DMRS based CSI scheme can also limit to CQI/SINR update without complexity of PMI computation, then faster feedback timeline is possibly supported.  
· DMRS based beam refinement
It takes too much latency to trigger beam refinement process. In addition to the CQI/MCS adjustment, DMRS can also be used for beam refinement. Multi-beam transmission/reception on DMRS for control or data channel can be considered as illustrated in Figure 9.  For example, receive beam sweeping can be done on multiple DMRS symbols.  The updated receive beam can be applied to receive subsequent data. In addition, updated L1-RSRP or L1-SINR can be reported together with HARQ.With this design, these DMRS resources can be then reused for fast CSI/beam refinement as well. This can be useful to tackle issues like blockage.

Figure 9 Using multi-beams DMRS for CSI/beam refinement
Based on the above analysis on the merits of DMRS based CSI, we have the following proposals:
[bookmark: OLE_LINK9]Proposal 7:  Alt.2 i.e. measurement resource based on DMRS/PDSCH measurement is supported.
Proposal 8:  Alt.3 i.e. delta SINR for report quantity is supported.
Proposal 9: Alt.2 i.e. faster CSI report timeline for DMRS based A-CSI is supported.
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 URLLC traffic should be allowed in a slot. The maximum number of PUCCH transmissions 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.
Proposal 4: For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE. Detailed requirements includes:
· Each separate HARQ-ACK codebook should be generated based on a corresponding service type. 
· The same mechanism for PUCCH resource configuration in RRC layer is applied for different HARQ-ACK codebooks. 
· The same or different PUCCH resources can allocated for different HARQ-ACK codebooks according to the actual scheduling requirements.
· The above requirements apply to both Type I and Type II codebook.
Proposal 5: Overhead of semi-static HARQ-ACK codebook should be reduced and feedback window splitting method can be considered.
Proposal 6:  Option 1 i.e. A-CSI report on PUCCH triggered by DL-scheduling DCI is supported.
Proposal 7:  Alt.2 i.e. measurement resource based on DMRS/PDSCH measurement is supported.
Proposal 8:  Alt.3 i.e. delta SINR for report quantity is supported.
Proposal 9:  Alt.2 i.e. faster CSI report timeline for DMRS based A-CSI is supported. 
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