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Introduction
In the RAN1 #95 meeting, in order to better support URLLC in NR Rel-16, the following agreement and conclusion were reached.
Agreements:
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Conclusion:
For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· [bookmark: OLE_LINK5]Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
In this contribution, we mainly discuss UL control related enhancements for URLLC.
UL control enhancements for URLLC
2.1 Maximum number of PUCCH transmissions for HARQ-ACK allowed 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]Proposal1: 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. After the unit of k1 is reduced, i.e. k1 unit is one subslot, PDSCH and PUCCH resource allocation should be further adapted for it; otherwise, the cross-subslot transmission may cause problems especially when the subslot contains 2 symbols. 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.
Proposal2: 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 for URLLC&eMBB transmission within a slot
For separating HARQ-ACK feedback/resource/codebook of URLLC and eMBB, it is also simple to always have independent optimization of the HARQ-ACK transmission of URLLC. This means some resources are always for URLLC and others are for eMBB. However, we do not need to separate at least in terms of resource/codebook for different services. The base station should be able to decide whether the HARQ-ACKs of eMBB and URLLC are multiplexed in one HARQ-ACK codebook or not according to actual transmission requirements. For example, an eMBB HARQ-ACK has been scheduled in one PUCCH, and then the HARQ-ACK of URLLC burst can be indicated to be the same PUCCH as the eMBB HARQ-ACK if that PUCCH resource is the earlier one. Then unnecessary preemption or puncturing can be avoided.
All those decision can be made by the base station whether the HARQ-ACKs of eMBB and URLLC are multiplexed in one HARQ-ACK codebook in a scheduling instance.
Proposal3: Whether HARQ-ACKs of eMBB and URLLC can be multiplexed in one HARQ-ACK codebook or not can be up to gNB implementation.
2.4 Dynamic HARQ-ACK codebook design
In order to achieve two or more than two PUCCHs for HARQ-ACK transmission in a slot, explicit signaling or implicit mechanism in the physical layer and several aspects should be included:
· Indicating a valid PUCCH for HARQ-ACK transmission for  a group of PDSCH, the PDSCH grouping  can be divided implicitly or explicitly;
· The PUCCH resources of each PDSCH group cannot overlap in time domain.
In order to implement the above functions, the introduction of explicit signaling, reinterpretation of existing parameters such as PRI or RNTI implicit notification can be considered. The scheme of PDSCH grouping can be further considered. The most flexible way is to introduce very little overhead for PDSCH grouping thus avoid the loss of flexibility by reusing existing parameters.
Proposal4: Introducing explicit signaling or implicit mechanisms in the physical layer to enable dynamic HARQ-ACK codebook for multiple PUCCHs for HARQ-ACK transmission in one slot.
2.5 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 3, 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 will be quite a lot of overlapping 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 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: _GoBack]In order to achieve two or more than two PUCCHs for HARQ-ACK transmission in a slot, and the unit of k1 is one slot. 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 feedback period of the feedback window for the slot. As depicted in Figure 5, the feedback window of slot#2 is split by HARQ1 and HARQ2, 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
Proposal5: 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 is similar to that for LTE and it was basically designed for eMBB. For URLLC, it needs more accurate and up-to-date CSI to facilitate high reliability, low latency transmission. It is very helpful to acquire fresh CSI before initial transmission or retransmission. 
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 for 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. 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 trigger CSI report explicitly via a DL grant and this CSI computation can be performed by relaying on the DMRS,  and CSI report can be multiplexed with HARQ-ACK on the same PUCCH if HARQ-ACK is present.
· 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.  Mutli-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.
· 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 6.  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 6 Using multi-beams DMRS for CSI/beam refinement
3.2 Simulation with DL DCI trigger A-CSI feedback
In our simulation, periodic CSI report based on CSI-RS and A-CSI report based on DMRS can work together. P-CSI includes an estimation of the complete CSI and A-CSI includes an estimation of CQI. This A-CSI can be applied in subsequent transmission, including subsequent initial transmission and retransmissions.  
In our simulation of scenario 56 AR/VR Indoor,  the channel model is Indoor in TR 38.901,the period of P-CSI is 4 slots and the feedback is assumed to have 2 slots delay. A-CSI is assumed to be triggered in every PDSCH schedule in our simulation. A-CSI and P-CSI work together when DMRS-based A-CSI is enabled. As a comparison, only P-CSI works when DMRS-based A-CSI is not enabled. The system level simulation assumptions are shown in Table 1 in Annex.
[bookmark: OLE_LINK8]In Figure 7, it can be observed that the satisfied UEs (UE satisfying the eURLLC requirements) percentage gain of CSI enhancement becomes more and more significant as the number of UEs increases in a cell. This is because with a small number of UEs, UE can meet the latency requirement more easily and thus become a satisfied UE considering more frequency resources can be allocated in low traffic load;  however, it is not applicable when number of UEs and traffic load grows. 

Figure 7   Satisfied UE percentage with different UE numbers in single cell
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal6: NR CSI report scheme should be enhanced by introducing a fast CSI feedback scheme 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal1: 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.
Proposal2: 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.
Proposal3: Whether HARQ-ACKs of eMBB and URLLC can be multiplexed in one HARQ-ACK codebook or not can be up to gNB implementation.
Proposal4: Introducing explicit signaling or implicit mechanisms in the physical layer to enable dynamic HARQ-ACK codebook for multiple PUCCHs for HARQ-ACK transmission in one slot.
Proposal5: Overhead of semi-static HARQ-ACK codebook should be reduced and feedback window splitting method can be considered.
Proposal6: NR CSI report scheme should be enhanced by introducing a fast CSI feedback scheme 
Annex
Table 1 System level simulation assumptions
	Parameters
	Value

	Scenario Case
	56  (AR/VR Indoor)

	Carrier frequency
	4 GHz

	Channel model 
	Indoor in TR 38.901

	BS antenna configurations
	For 8 Tx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (2, 2, 2, 1, 1; 2, 2)

	UE antenna configuration
	For 2 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

	CSI Reporting period
	4 slots

	CSI-RS period
	4 slots

	CSI  report delay
	2 slots

	Layout
	12 BSs

	Number of UEs per cell
	10/15/20

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	Packet size
	200 Byte

	Packet BLER
	1E-5

	Latency
	1ms

	Traffic model
	periodic traffic model,10ms packet interval

	Channel estimation
	ideal



Enable	
10UE	15UE	20UE	0.8833	0.8167	0.75	Not Enable	
10UE	15UE	20UE	0.7833	0.5944	0.4042	difference	
10UE	15UE	20UE	0.1	0.2223	0.3458	
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