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1. Introduction
NR is targeting to support broad range of vertical services categorized by eMBB, mMTC and URLLC by a single technical framework [1]. In the RAN1#86bis meeting, scheduling and HARQ mechanism for URLLC are discussed an following agreement is made [2]. Further detailed options needs to be identified to analyze/evaluate the potential performance. In this contribution, we provide our views on scheduling and HARQ mechanism for URLLC. Multiplexing of eMBB and URLLC is also discussed because of potentially small volume of traffic for URLLC. 
	Agreements:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead
· Using different sub-carrier spacing 

· FFS: CP overhead
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 
Agreements:
· Consider further the tradeoffs for meeting URLLC requirements for the following.

· Semi-static resource allocation for UL data transmission.

· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.

· Normal SR-based transmission
· Other solutions are not precluded


2. Scheduling mechanism
Uplink scheduling option
It was RAN1 understanding that dynamic scheduling should be supported for URLLC even if eMBB is multiplexed in the same carrier. On the other hand, several options are considered for uplink scheduling as SR-based dynamic scheduling has potential drawback from latency and reliability perspective. For dynamic scheduling, it is obvious that SR based transmission should be assumed. Otherwise, gNB need to schedule to every TTI (pre-scheduling) as gNB has limited information on UL buffer status especially for the case UL traffic with small packet where single packet can be transmitted by single transmission, i.e., BSR may not be beneficial. For semi-static scheduling, it is likely that UE has scheduled UL resource for every TTI to satisfy the latency requirement. However, UE buffer can be empty for most of the TTIs depending on the packet arrival rate for the UE. Therefore, uplink skipping where UE can skip its uplink transmission if UE buffer is empty should be assumed to avoid unnecessary UL transmission. We note that uplink skipping mechanism has already been agreed in LTE latency reduction [3]. Similar mechanism is also introduced for LTE sidelink; UE autonomous resource selection, e.g., random selection within higher layer configured resource pool, is introduced for Rel-12 LTE D2D. Thus, both SPS and resource pool based transmission will be a good candidate for support of uplink skipping with semi-static resource allocation. For the starting point of the study, OMA needs to be evaluated. In the phase 1 study, RAN1 should prioritize to identify the mechanism to satisfy the requirement on latency and reliability for URLLC because there are no requirements on capacity.

On the other hand, significant amount of UL resource can be wasted for semi-static scheduling if OMA is assumed. So enhanced mechanism as a measure for unused resource due to UL skipping needs to be further studied. Several options are considered to enable UL resource shared by multiple UEs; If gNB can identify the transmission UE(s) based on UL RS, contention can be resolved by HARQ retransmission (adaptive or non-adaptive) based on gNB signaling. MU-MIMO and NOMA are also considered to avoid BLER degradation due to simultaneous transmissions on the shared UL data resource by multiple UEs. We note that performance of all the three options highly depend on UL RS design. Therefore feasibility and comparison of contention based uplink transmission options can be concluded after basic RS design is available.
Proposal 1: In the phase 1 study, RAN1 should prioritize to identify the mechanism to satisfy the requirement on latency and reliability for URLLC.

Observation 1: Following uplink scheduling options are considered for URLLC.
	List of uplink scheduling options

· Dynamic scheduling if latency/reliability requirement met
· SR triggered UL grant is assumed

· Semi-static scheduling (grant free)
· UL skipping is assumed

· SPS or resource pool configured by higher layer at least for the first transmission
· OMA as a starting point

· Further study enhanced mechanism to enable UL resource shared by multiple UEs as a measure for unused resource due to UL skipping 
· Option 1: Contention resolved by HARQ retransmission
· Option 2: MU-MIMO

· Option 3: NOMA


Proposal 2: For the dynamic uplink resource allocation, SR transmission is assumed for dynamic scheduling at least for evaluation.
Proposal 3: For the semi-static scheduling in uplink, uplink skipping is allowed to avoid unnecessary uplink transmissions.

HARQ retransmission
For the HARQ retransmission in downlink and uplink, following options need to be considered. Here, difference between repetition and open-loop HARQ is necessity and order of gNB signaling. For repetition, dynamic scheduling is not necessary and same repetition of same channel is followed by repetition of other channel. For open-loop HARQ, dynamic scheduling is assumed and retransmission is scheduled without A/N feedback. For closed-loop HARQ, difference from open-loop HARQ is necessity of A/N feedback. So there are little difference for uplink scheduling.

Although closed loop HARQ is most efficient from capacity point of view, there are potential drawback on latency and reliability, repetition and open-loop HARQ needs to be studied together. If semi-static scheduling is assumed for uplink, open-loop HARQ is not applicable. For repetition, it requires resource mapping between initial transmission and retransmission. As dedicated resource will be reserved for retransmission, resource waste in semi-static scheduling in uplink will be doubled if combination of semi-static scheduling and repetition is considered. Even though initial transmission is semi-statically scheduled, retransmission can be dynamically scheduled. Therefore, RAN1 should strive to investigate the mechanism to support closed-loop HARQ for UL semi-static scheduling.
Observation 2: Following HARQ retransmission options are considered for URLLC.
	List of HARQ retransmission options

· Repetition (HARQ retransmission without A/N feedback and DL assignment/UL grant)
· DL: Repetition of DL assignment ( Repetition of DL data

· UL: [Repetition of UL grant (] Repetition of UL data

· Open-loop HARQ (HARQ retransmission without A/N feedback, with DL assignment)

· DL: DL assignment ( DL data ( DL assignment (retransmission) ( DL data

· Closed-loop HARQ (Adaptive/non-adaptive HARQ)

· DL: DL assignment ( DL data ( A/N feedback ( DL assignment (retransmission) ( DL data

· UL: [UL grant (] UL data ( UL grant or A/N feedback (retransmission) ( UL data


Observation 3: For semi-static scheduling for uplink, repetition requires resource mapping between initial transmission and retransmission. As dedicated resources will be reserved for retransmission, resource waste will be at least doubled. 
Reliability

In order to identify required reliability for each channel, we have analyzed resulting reliability for the combination of scheduling options and HARQ retransmission options without modeling HARQ combining gain (If HARQ combining gain is considered, required reliability for each channel (especially on data channel) will be relaxed in some level). Example of reliability calculation is shown in Table A I and Table A II. Here, we assume that maximum HARQ retransmission is one. It is obvious that single transmission with dynamic scheduling is very challenging since required reliability for DL control channel for dynamic scheduling becomes higher than 1−10-5. If extremely high reliability is required for DL control channel, compact DCI and/or high aggregation level needs to be assumed and either of the two may reduce the scheduling flexibility.
For downlink, any channel with the reliability of 1−10-2 is infeasible. For example, if BLER of A/N feedback is below 10-3 and BLER of other channel is 10-3, closed-loop HARQ with 1 retransmission cannot satisfy the reliability requirement. Similarly, non-adaptive HARQ without DL assignment for retransmission is infeasible because reliability is limited due to lack of retransmission based on A/N DTX detection. Repetition and open-loop HARQ are the only possible option for that case. We consider that reliability of A/N feedback can be a bottleneck of the downlink transmission especially for TDD carrier where transmission of longer uplink control channel (e.g., long-format for higher reliability) may reduce the occasion for downlink transmission in the same carrier. 
Observation 4: For downlink, non-adaptive retransmission should not be considered because reliability is limited due to lack of retransmission based on A/N DTX detection.
Observation 5: RAN1 needs to evaluate the reliability of A/N feedback for downlink transmission. 

For uplink, any channel with the reliability of 1−10-2 is infeasible similar to downlink while reliability requirement is met by two HARQ retransmission with reliability of 1−10-3 for single transmission of each channels. It is noted that reliability of 1−10-3 is already supported by PHICH in LTE. Furthermore, reliability of 1−10-3 needs to be supported for DL assignment to support dynamic DL scheduling. If similar DCI size is assumed for UL grant for retransmission, reliability of 1−10-3 can be satisfied for UL grant. Then sufficient reliability on closed-loop HARQ can be satisfied for both adaptive and non-adaptive HARQ in uplink. In case of semi-static scheduling for uplink where uplink skipping is assumed, additional factor should be considered for reliability compared to dynamic scheduling. If uplink skipping is assumed, gNB need to perform identification of transmitting UE(s) (denoted as Pdetect in Table A II) for closed-loop HARQ (adaptive/non-adaptive HARQ). If orthogonal RS were configured to single UE or multiple UEs sharing the same UL data resource, gNB would be able to perform reliable transmitter UE identification. Furthermore, for contention based uplink transmission, its impact on reliability  of uplink data channel needs to be evaluated. If contention based UL is to be supported for URLLC, then adaptive HARQ is preferable to resolve the contention by retransmission. With adaptive HARQ, reliability of data retransmission can be adjusted according to the reliability of initial data. 
Observation 6: For combination of UL skipping and closed-loop HARQ, gNB needs to detect the UL transmission (contention free UL (OMA)) or identify transmitting UEs (contention based UL) by UL RS detection.
Observation 7: RAN1 needs to evaluate the reliability of UE detection by UL RS for support of closed-loop HARQ with UL skipping. 

Observation 8: Adaptive HARQ is preferable for contention-based uplink to resolve contention by retransmission if contention based uplink is feasible for URLLC.
Latency

Achievable latency will be determined once TTI length and possible Tx/Rx processing delay is identified. For example, if we assume 0.125 ms for TTI length and Tx/Rx processing, latency for both dynamic DL scheduling and semi-static UL scheduling with single closed-loop retransmission will be below 0.5 ms as shown in Table A IV and Table A VI. Even for SR based UL dynamic scheduling, latency will be below 1 ms with single closed-loop retransmission as shown in Table A V. Therefore, closed-loop HARQ will be beneficial at least for the case where sufficient reliability is expected for necessary control signaling. If achievable link budget is quite limited for the target reliability, open-loop HARQ or repetition needs to be supported. As possibility of closed-loop HARQ highly depends on achievable processing delay for Tx/Rx, RAN1 need to identify the achievable processing delay for the decision of HARQ mechanism. Considering the discussion on reliability and latency, we propose:
Observation 9: RAN1 needs to identify achievable processing delay for Tx/Rx. 
3. Multiplexing of eMBB and URLLC
As we discussed in [4], half duplex constraint in TDD may incur blocking of URLLC scheduling due to different UL/DL direction. If eMBB and URLLC is multiplexed in the same carrier, UL/DL direction needs to be controlled by finer time resolution according to URLLC traffic instead of eMBB traffic. Some (mini-)slots will be reserved for uplink transmission for URLLC and DL transmissions will be scheduled in the remaining resources. Therefore, at least for TDD carrier shared for eMBB and URLLC services, uplink scheduling will be semi-statically determined even though signaling can be dynamic. For the case of preemption to schedule a URLLC transmission in DL where the resources of it can overlap with resources of ongoing/scheduled longer DL transmission for eMBB, mechanism to avoid serious performance degradation on eMBB can be considered. 
· Option 1: Dynamic scheduling with multi-(mini-)slot is assumed for eMBB. Impact of puncturing due to preemption can be localized, e.g., a slot is dropped and new transmission is scheduled later instead of HARQ retransmission. 

· Option 2: If longer transmission for eMBB is punctured due to preemption, punctured resource can be indicated by gNB after reception.
· Option 3: Puncture resource can be indicated on dynamic scheduling.

· Option 4: Longer transmission for eMBB is pre-protected for potential puncturing, e.g., by redundant coding.
As any options will increase overhead in some level, potential overhead needs to be considered in addition to protection gain. As frequency of preemption due to URLLC traffic can be varied, RAN1 should strive to minimize required overhead for the eMBB protection. We note that, among the four options, option 3 is only applicable when gNB is aware of puncture resource on dynamic scheduling of longer transmission.
Observation 10: For the measure of ongoing/scheduled longer DL transmission punctured due to preemption, potential enhancements are considered. Any option may increase the overhead while frequency of preemption due to URLLC traffic can be varied.
Proposal 4: RAN1 should strive to minimize required overhead for eMBB protection.
4. Conclusion
In this contribution, we discuss the scheduling and HARQ mechanism for URLLC. Multiplexing mechanism for eMBB and URLLC is also discussed. Observations and proposals are summarized below.
· Observation 1: Following uplink scheduling options are considered for URLLC.
	List of uplink scheduling options

· Dynamic scheduling if latency/reliability requirement met
· SR triggered UL grant is assumed

· Semi-static scheduling (grant free)
· UL skipping is assumed

· SPS or resource pool configured by higher layer at least for the first transmission
· OMA as a starting point

· Further study enhanced mechanism to enable UL resource shared by multiple UEs as a measure for unused resource due to UL skipping 
· Option 1: Contention resolved by HARQ retransmission
· Option 2: MU-MIMO

· Option 3: NOMA


· Observation 2: Following HARQ retransmission options are considered for URLLC.
	List of HARQ retransmission options

· Repetition (HARQ retransmission without A/N feedback and DL assignment/UL grant)

· DL: Repetition of DL assignment ( Repetition of DL data

· UL: [Repetition of UL grant (] Repetition of UL data

· Open-loop HARQ (HARQ retransmission without A/N feedback, with DL assignment)

· DL: DL assignment ( DL data ( DL assignment (retransmission) ( DL data

· Closed-loop HARQ (Adaptive/non-adaptive HARQ)

· DL: DL assignment ( DL data ( A/N feedback ( DL assignment (retransmission) ( DL data

· UL: [UL grant (] UL data ( UL grant or A/N feedback (retransmission) ( UL data


· Observation 3: For semi-static scheduling for uplink, repetition requires resource mapping between initial transmission and retransmission. As dedicated resources will be reserved for retransmission, resource waste will be at least doubled.
· Observation 4: For downlink, non-adaptive retransmission should not be considered because reliability is limited due to lack of retransmission based on A/N DTX detection.
· Observation 5: RAN1 needs to evaluate the reliability of A/N feedback for downlink transmission.
· Observation 6: For combination of UL skipping and closed-loop HARQ, gNB needs to detect the UL transmission (contention free UL (OMA)) or identify transmitting UEs (contention based UL) by UL RS detection.
· Observation 7: RAN1 needs to evaluate the reliability of UE detection by UL RS for support of closed-loop HARQ with UL skipping.
· Observation 8: Adaptive HARQ is preferable for contention-based uplink to resolve contention by retransmission if contention based uplink is feasible for URLLC.
· Observation 9: RAN1 needs to identify achievable processing delay for Tx/Rx.
· Observation 10: For the measure of ongoing/scheduled longer DL transmission punctured due to preemption, potential enhancements are considered. Any option may increase the overhead while frequency of preemption due to URLLC traffic can be varied.
· Proposal 1: In the phase 1 study, RAN1 should prioritize to identify the mechanism to satisfy the requirement on latency and reliability for URLLC.
· Proposal 2: For the dynamic uplink resource allocation, SR transmission is assumed for dynamic scheduling at least for evaluation.
· Proposal 3: For the semi-static scheduling in uplink, uplink skipping is allowed to avoid unnecessary uplink transmissions.
· Proposal 4: RAN1 should strive to minimize required overhead for eMBB protection.
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Appendix
Table A I: Example of DL reliability analysis
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Scheduling option Reliability

Dynamic scheduling, 1 Tx 0.999980  0.998001  0.998001  0.989010 

Dynamic scheduling, 2 Tx

with repetition of DL data

0.999990  0.998999  0.998999  0.998900 

Dynamic scheduling, 2 Tx

with repetition of DL assignment and data

1.000000  0.999998  0.999998  0.999899 

Dynamic scheduling, 2 Tx

with OL HARQ

1.000000  0.999996  0.999996  0.999879 

Dynamic scheduling, 2 Tx

with adaptive HARQ

1.000000  0.999994  0.999976  0.999771 

Dynamic scheduling, 

2 Txwith non-adaptive HARQ

0.999990  0.998998  0.998989  0.998801 


Table A II: Example of UL reliability analysis
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Scheduling option Reliability

Semi-static scheduling, 1 Tx 0.999990  0.999000  0.999000  0.990000 

Semi-static scheduling, 2 Txby repetition 1.000000  0.999999  0.999999  0.999900 

Dynamic scheduling, 1 Txwithout SR 0.999980  0.998001  0.998001  0.989010 

Dynamic scheduling, 1 Txwith SR 0.999970  0.997003  0.988021  0.979120 

Dynamic scheduling, 2 Txby non-adaptive HARQ with SR 1.000000  0.999993  0.999876  0.999672 

Dynamic scheduling, 2 Txby adaptive HARQ with SR 1.000000  0.999993  0.999876  0.999672 

SPS, 2 Txby adaptive HARQ 1.000000  0.999998  0.999998  0.999890 


Table A III:  Example parameter set for latency analysis

[image: image3.emf]TTI (ms) 0.125

Tx processing (ms) 0.125

Rx processing (ms) 0.125

Retransmission probability 1.00%


Table A IV:  Latency for FDD DL (Dynamic scheduling)
[image: image4.emf]Step Description Average latency (ms)

1eNB Tx processing 0.125

2TTI alignment 0.0625

3DL assignment and DL packet transmission 0.125

4UE Rx processing 0.125

Latency wo retransmission (BLER=0%) 0.4375

5TTI alignment 0.0625

6NACK transmission 0.125

7eNB Tx processing 0.125

8TTI alignment 0.0625

9HARQ retransmission 0.125

10UE Rx processing 0.125

Latency with one retransmission 0.443125


Table A V:  Latency for FDD UL (Dynamic scheduling with SR)
[image: image5.emf]Step Description Average latency (ms)

1TTI alignment 0.0625

2Scheduling request 0.125

3eNB processing 0.125

4TTI alignment 0.0625

5Resource grant transmission 0.125

6UE Tx processing 0.125

7TTI alignment 0.0625

8UL packet transmission 0.125

9eNB Rx processing 0.125

Latency w/o retransmission 0.9375

10TTI alignment 0.0625

11Resource grant transmission (retransmission) 0.125

12UE Tx processing 0.125

13TTI alignment 0.0625

14UL packet transmission 0.125

15eNB Rx processing 0.125

Latency with one retransmission 0.94375


Table A VI:  Latency for FDD UL (Semi-static scheduling)
[image: image6.emf]Step Description Average latency (ms)

1UE Tx processing 0.125

2TTI alignment 0.0625

3UL packet transmission 0.125

4eNB Rx processing 0.125

Latency w/o retransmission 0.4375

5TTI alignment 0.0625

6Resource grant transmission (retransmission) 0.125

7UE Rx processing 0.125

8TTI alignment 0.0625

9UL packet transmission 0.125

10eNB Rx processing 0.125

Latency with one retransmission 0.44375
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