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1 Introduction

In the previous RAN1 WG meetings, the URLLC and eMBB transmission and multiplexing in NR were discussed. In this contribution, we discuss uplink URLLC transmission aspects based on the following agreements made by RAN1 WG:

Agreements:
	RAN1#86bis

· 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


In this contribution, we mainly discuss potential UL URLLC transmission schemes, while our views on other URLLC related aspects are provided in our companion contributions [1]-[6].
2 URLLC Deployment Scenarios

There are two types of URLLC deployment scenarios foreseen. The first deployment is a URLLC only deployment, i.e. a scenario where only URLLC service is provided. The second type of deployment scenarios may require coexistence of eMBB and URLLC services. In both scenarios, the URLLC service requires ultra-high reliability and low latency that should not be compromised from URLLC KPI perspective. Assuming that latency and reliability requirements are met the URLLC system capacity should be maximized.
In terms of URLLC applications, two types of traffics are foreseen: periodic and sporadic. The periodic traffic is likely to have predetermined parameters, while for the sporadic traffic the packet arrival time and other parameters may not be fully known in advance. In order to handle these two cases, different solutions can be considered to optimize URLLC system performance that require further study in RAN1 WG.
3 UL URLLC Transmission Schemes

In this section, we discuss different design options for UL URLLC transmission (resource allocation) schemes, mainly focusing on UL URLLC only scenarios.
3.1 Dynamic Resource Allocation (SR-Based Transmission)
The most common example of dynamic resource allocation for UL URLLC transmission is the Scheduling Request (SR) based transmission. In general this option does not assume resource partitioning between eMBB and URLLC services, given that all resources are controlled by gNB and can be granted for any type of service. This aspect is discussed in our companion contribution [4]. For URLLC, the dynamic SR-based UL transmission is one of the baseline modes of operation in cellular systems. In this mode, a UE first sends scheduling request and waits for an UL grant from gNB before the actual UL data transmission. From URLLC perspective, this mode of operation has certain pros and cons as discussed below:

Cons:
· Reduced latency budget for actual data transmission. The necessity to send the SR and receive the UL grant before actual data transmission imposes additional delay that includes 1) SR TX processing, frame alignment, transmission time, RX processing, 2) Grant TX processing, frame alignment, transmission duration, RX processing 3) UL data transmission and processing. However, as it is shown in the Appendix section, it is possible to fit all the steps to the target latency.
· Reduced maximum link budget. The reduced latency budget adversely affects the maximum link budget that can be supported in UL due to the overall reduced transmission duration and challenge to meet latency requirements in case if retransmission is needed.
· Reliability aspect. The SR, Grant, UL Data transmission should meet the overall reliability target that requires optimization for each channel. A mechanism to address potential contention on SR resource needs to be supported.
· Resource overhead. Additional resource overhead to accommodate transmissions of SR and Grant may consume the increased amount of system resources comparing to grant-free transmissions.
Pros:
· Centralized resource management. The benefits of centralized processing and resource allocation can be extracted to ensure high reliability including resource management and interference control enabling contention free URLLC data transmission.
· URLLC system capacity optimization. The scheduled URLLC resource can be optimized on a packet by packet basis and based on traffic and radio-environment conditions.
· Reduced impact on eMBB can be expected. With the dynamic mechanism of resource allocation the minimum impact on eMBB can be expected given that there is no static resource overhead (possibly except SR itself). However the mechanisms to prevent collision of UL URLLC and eMBB transmission may still be needed (please refer to [4] for more details).
The following enhancements can be considered for SR-based UL URLLC transmission:
On SR enhancements: The SR resource (at least frequency allocation) may be UE specifically configured to reduce contention on SR resources (e.g. URLLC SR resources). The SR may carry limited information about packet size to help gNB in dynamic resource allocation of UL transmission. The URLLC specific SR format may be needed to simplify processing. The format of SR needs to be optimized for URLLC services.
On URLLC DCI (UL grant) enhancements: The URLLC UL search space should be designed in a way to reduce the amount of blind decoding attempts to be done at a given time instance (e.g. symbol boundary). The control channel resources should be distributed across time and allow independent blind decoding attempts (i.e. TDM centric continuous allocation of control channel resources is desirable).
On HARQ enhancements: The asynchronous adaptive HARQ may be considered for SR-based UL URLLC, although it may not be always feasible to satisfy stringent latency requirements with all numerologies and latency targets.
Proposal 1
· Dynamic SR-based UL URLLC transmission is supported.
· Details of SR, UL grant and HARQ operation are FFS.
3.2 Semi-Static Resource Allocation (SPS-Based Transmission)
The semi-static resource allocation assumes partitioning of UL resources on URLLC and eMBB resources either in FDM or TDM manner. The semi-static resource allocation may cause performance loss in terms of URLLC or eMBB capacity depending on traffic (please refer to [4] for more details on mechanisms of semi-static multiplexing of UL URLLC and eMBB resources).
One of the basic semi-static resource allocation principles is a semi-persistent transmission (also known as semi-persistent scheduling / resource allocation). The SPS mechanism allows for grant-free UL transmission and may well suit many URLLC applications with periodic traffic characterized by quasi-deterministic parameters. There are several benefits of using SPS based resource allocation for UL URLLC. First of all, it can provide the increased latency budget comparing to the SR-based approach and therefore can improve link budget and reliability. The SPS enables centralized resource management through gNB that may optimize the overall URLLC system capacity and resolve contention. There are several enhancements that can be considered for URLLC services with quasi-periodic traffic.

The SPS configuration may include resource(s) for initial transmission and retransmission(s) and multiple transmission opportunities in time. Multiple SPS configurations with different time occasions or other L1 parameters can be supported to handle possible variation in traffic arrival time and other traffic parameters. The UE may be pre-configured with multiple SPS profiles and use activated SPS profile for URLLC transmission w/o expecting grant from gNB.
In application to UL URLLC with non-periodical traffic and random packet arrival time, the following UL semi-static resource allocation can be considered:
· UE-specific UL pattern for URLLC data transmission (shared channel). In this case, a gNB provides a UE-specific scheduling unit (frequency allocation and TTI duration) and transmission pattern. According to this option, the frequency resource can be granted by a gNB, while the actual time resource can be selected by a UE upon URLLC packet arrival. The resource can be selected within the predefined time resource pattern of transmission. The UE may utilize resources from the pre-configured transmission pattern once the URLLC traffic is available. Using this mechanism, the gNB can control the contention on frequency resources of URLLC shared channel and ensure increased reliability. The gNB can also control (with limited degree) contention on URLLC time resources, as it can assign the same frequency resource to two different UEs with orthogonal in time patterns. The pattern may define not only initial transmission but also retransmission, if needed. The retransmission occasion may be overwritten by an UL grant for URLLC retransmission.
· UE-specific UL pattern for URLLC control and data transmission (control and shared channel). In this case, the gNB may signal to the UE the frequency and time transmission pattern for URLLC UL control resources. The physical structure of URLLC control message may be predefined. In this case, the UE is expected to occupy the nearest UL URLLC control transmission opportunity upon URLLC packet arrival into the transmission buffer. In this case, gNB can manage the contention on URLLC frequency control resources and data resources. The main benefit of this approach is that UE may have some freedom in UL resource allocation within predefined limits, configured by the gNB (e.g. maximum number of occupied sub-channels and TTI duration and/or indicate the actual packet size) used for URLLC transmission. The data resource can be associated with control resources so that the potential contention problems are addressed simultaneously.
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Figure 1: SPS UL pattern for URLLC control/data transmission.

In case of aperiodic traffic with random packet arrival time, the gNB may control contention between UEs by assigning orthogonal frequency and/or time resources. However such mechanism may reduce UL URLLC capacity at least for the aperiodic traffic, given that packet arrival time for each UE is not known and low latency requirement does not allow flexible management of time resources.
Given that control of URLLC transmission in time by the gNB is relatively limited for low latency applications with random packet arrival time, in the next section we describe listen-before-talk (LBT) based approaches for URLLC resource selection in UL.
Proposal 2
· UL URLLC transmission schemes with semi-static resource allocation are supported at least for periodic URLLC traffic.
· FFS details of semi-static resource allocation for aperiodic URLLC traffic.
3.3 Grant-Free LBT-Based Transmission
In this section, we assume that gNB can signal a common or group specific pool of resources for UL URLLC transmission. The pool can be composed from a predefined grid of logical time frequency resources (e.g. sub-channel x TTI duration). Given that gNB may have limited choice of time resources for low latency applications, the UE may decide to select a resource based on the predefined listen before talk (LBT) procedure. The following two LBT-based principles are discussed in this contribution:

· Approach 1: LBT-based resource selection. In this case, the UE listens for predefined time and measures the energy within the pre-allocated URLLC resource pool or decodes the URLLC control channels trying to determine and select the resource available for URLLC transmission. Once UL URLLC packet is received, the UE may use different criteria for resource selection (e.g. minimum energy resource or resource which energy is below certain threshold). The UE may monitor resources till the certain latency budget and transmit on the best resource if the latency budget is below certain limit. This LBT mechanism may work in small cell environments with limited coverage area where probability of the hidden node problem is small. The potential drawback of this approach is that utilization of a gNB UL power control may increase the hidden node problem in the system. In order to avoid this problem, the principle of medium monitoring may be replaced with URLLC announcement signaling provided by the gNB. Given that gNB is anyway supposed to detect UL URLLC transmissions it may indicate occupied resources (subject to certain delay) by providing information on resources used by UL URLLC or eMBB transmissions. This dynamic indication can be used by other UEs (either URLLC or eMBB) to occupy resources w/o causing collision with current transmissions.
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Figure 2: UE LBT-based resource selection.

· Approach 2: URLLC Announcement. The alternative option is to broadcast information about URLLC transmissions on periodically and semi-statically pre-configured URLLC announcement intervals. The URLLC announcement broadcasting can be done by the UEs transmitting URLLC packets. Different protocols can be used to access resources once URLLC announcement is detected. For instance, if UEs received URLLC and has detected URLLC announcement at the previous URLLC announcement interval indicating transmission from other UEs, it may postpone its own transmission, till the next URLLC announcement interval, if latency budget allows. The potential drawback of URLLC announcement is that it may introduce additional delay of URLLC transmission. On the other hand if URLLC announcement is signaled, the UEs may try to avoid collision. More importantly URLLC announcement can be transmitted at max TX power that reduces the hidden node problem and increases the URLLC coverage range.
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Figure 3: UE URLLC announcement and detection.
Observation 1
· LBT procedure for URLLC service may facilitate increase of URLLC capacity.

· LBT procedure may suffer from hidden node problem especially in large scale Macro deployment scenarios but may be a valid option in small cell deployment scenarios where coverage is not a bottleneck.

· In case of paired spectrum, LBT procedure requires additional receiver chain to sense the medium at the URLLC UE.

· Different methods of URLLC contention resolution utilizing LBT principles can be used (e.g. LBT-based resource selection or URLLC announcement detection, etc).

· URLLC announcement can be broadcasted by gNB indicating information about URLLC or eMBB resources.

Proposal 3
· Consider LBT-based transmission as a candidate resource allocation scheme for grant-free URLLC transmission.

· FFS different LBT options for UL URLLC transmission including indication of URLLC announcements by UEs or gNB and their impact and tradeoffs in terms of latency and reliability.
3.4 Grant Free NOMA Schemes

The motivation behind the previous schemes for UL URLLC transmissions such as SR-based, grant-free SPS rescheduling, grant-free LBT-based transmission, or dynamic bandwidth indication using URLLC announcement mechanisms is to orthogonalize UL URLLC transmissions in time and frequency either with URLLC or eMBB transmissions. The alternative approach is to intentionally allow collisions by utilizing NOMA approaches with low code rates or large spreading factors. This approach assumes the allocation of large portion of resources so that advanced receiver can handle collision if it happens. However in case of random packet arrival time it may be challenging to align transmissions from multiple UEs in time. In addition, different UEs may require different amount of resources to achieve the required reliability and link budget. These factors may cause significant variations in terms of intra and inter-cell interference and make it difficult to ensure reliability KPI for NOMA schemes. The performance of such schemes may be very sensitive to the assumption on gNB receiver type, URLLC traffic model and in general may increase complexity of gNB receiver. Therefore it may be challenging to ensure certain reliability target with NOMA based transmission and therefore we believe that such schemes should not be considered as a baseline for initial URLLC studies.
Proposal 4
· Do not consider grant-free NOMA schemes as a baseline for UL URLLC data transmission, at least for initial Phase 1 NR design.

4 Advanced UL Transmission and Reception Schemes

4.1 Multi-Point Reception (Joint Reception)

One of the techniques to improve reliability of UL URLLC reception is to enable reception by multiple TRPs. This technique may improve reliability of UL URLLC performance. However, such assumption heavily depends on the specific deployment scenario.

4.2 Low Latency Relaying

One of the techniques to improve reliability of UL URLLC reception is to apply advanced radio layer relaying techniques. The radio layer relaying may substantially increase the coverage and reliability of UL URLLC transmission, however it is also deployment specific factor. The relaying may impose even more stringent requirement on communication, however may substantially increase reliability, especially if retransmission mechanisms are enabled for UL URLLC.

Proposal 5
· URLLC techniques which are heavily dependent on the specific deployment assumptions are out of scope for Phase 1 NR study.
5 Conclusions

In this contribution, we discussed tradeoffs in terms latency and reliability for different UL URLLC transmission schemes. Based on the analysis, we have the following proposals:

Proposal 1
· Dynamic SR-based UL URLLC transmission is supported.

· Details of SR, UL grant and HARQ operation are FFS.
Proposal 2

· UL URLLC transmission schemes with semi-static resource allocation are supported at least for periodic URLLC traffic.
· FFS details of semi-static resource allocation for aperiodic URLLC traffic.
Proposal 3

· Consider LBT-based transmission as a candidate resource allocation scheme for grant-free URLLC transmission.

· FFS different LBT options for UL URLLC transmission including indication of URLLC announcements by UEs or gNB and their impact and tradeoffs in terms of latency and reliability.
Proposal 4

· Do not consider grant-free NOMA schemes as a baseline for UL URLLC data transmission, at least for initial Phase 1 NR design.
Proposal 5
· URLLC techniques which are heavily dependent on the specific deployment assumptions are out of scope for Phase 1 NR study.
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Appendix – SR-based Transmission Latency
In this section we provide the latency analysis of the most latency consuming UL transmission scheme – SR-based transmission. The following latency components are considered:

1. UE TX processing delay,

2. Frame alignment delay to send SR,

3. SR TTI duration,

4. gNB SR RX processing delay + frame alignment,

5. TTI duration of DCI with UL grant,

6. UE RX processing of the grant + frame alignment for sending shared channel,

7. TTI duration of initial shared channel transmission,
8. gNB RX processing delay of the transmission + frame alignment to send ACK or NACK + Grant,
9. Grant + NACK or ACK TTI duration,

10. UE RX processing of the feedback and grant + frame alignment to send retransmission,

11. TTI duration of the retransmission,

12. gNB RX processing delay.

For TX and RX processing latency, we assume a half of the 15 kHz NCP symbol duration, i.e. 35.7 us (please refer to our companion contribution [2]). In the diagrams below (see Figure 4 and Figure 5), we show the achievable latency for one-shot SR-based transmission as well as HARQ-based transmission for different numerologies. As it can be seen, shrinking the symbol duration and exploiting the fine time granularity of scheduling may allow to fit SR-based transmission to the target 0.5 ms latency even with one retransmission.
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Figure 4. Latency for one-shot SR-based UL transmission.
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Figure 5. Latency for HARQ SR-based UL transmission.


PAGE  
1/7

Common Search Space for URLLC UCI
UE selects non-occupied sub channel based on LBT procedure
Resource Access Granularity 
Time – 1 Symbol
Frequency – 1 Sub-channel
Common Control Search Space + Sensing for Resource Selection
URLLC Announcement Interval
URLLC Announcement Interval




G



DL
UL
15 kHz, 1 OS TTI, 1 OS gran
SR
U


G






DL
UL
30 kHz, 2 OS TTI, 1 OS gran
SR
U


DL
UL
60 kHz, 4 OS TTI, 2 OS gran
SR
G
U



Latency budget for 0.5 ms




G

G/A


U2
DL
UL
15 kHz, 1 OS TTI, 1 OS gran
SR
U1



G






DL
UL
30 kHz, 2 OS TTI, 1 OS gran
SR
U1

G/A
U2

DL
UL
60 kHz, 4 OS TTI, 1 OS gran
SR
G
U1
G/A
U2


Latency budget for 0.5 ms




Listen & Measure RX Power
RX-TX Gap
Minimum UL Scheduling Unit
Subchannel
Min TTI Duration
Common Search Space for URLLC UCI
UE selects non-occupied sub channel based on LBT procedure
URLLC  TX
Resource Access Granularity 
Time – 1 Symbol
Frequency – 1 Sub-channel
Common Control Search Space + Sensing for Resource Selection



URLLC  SPS Control Channel TX Opportunities UE1
URLLC  SPS Control Channel TX Opportunities UE2
Resource Access Granularity 
Time – N symbols, Frequency – M PRBs/subcahnnels



