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1 Introduction
In the previous RAN1 WG meetings, the aspects related to NR URLLC support in UL were discussed. In this contribution, we continue URLLC discussion and argue that UL transmissions based on Scheduling Request and Grant should be supported by NR. In addition, the relevant enhancements that should be analyzed for SR-based UL URLLC operation in terms of UL control signaling are presented. Our views on other URLLC related aspects are provided in our companion contributions [1]-[6].
2 General URLLC Considerations
2.1 URLLC Deployment Scenarios

There are two types of URLLC deployment scenarios foreseen. The first scenario is a URLLC specific deployment, i.e. a scenario where only URLLC services are provided by the cell/local network. This scenario is valid for factory or process automation use cases where rather intensive URLLC traffic is expected. The second type of deployment scenario require coexistence of eMBB and URLLC services. This deployment scenario is a more general one and more challenging from the network deployment and eMBB/URLLC service offering perspective.

In both scenarios, the URLLC service should satisfy ultra-high reliability and low latency requirements while overall NR design should target to maximize URLLC capacity. It is obvious that URLLC capacity is maximized when all spectrum resources are allocated to URLLC services. However, the latter may result in significant wastage of spectrum resources especially in case of low URLLC system loading and eMBB performance degradation. Therefore RAN1 WG is analyzing different mechanisms of dynamic multiplexing of URLLC and eMBB services. Depending on actual URLLC and eMBB system load, different solutions may be considered to optimize the overall system performance enabling dynamic resource sharing between URLLC and eMBB services.
Observation 1
· There are two types of URLLC deployment scenarios:
· Scenario with URLLC only service (dominant URLLC traffic);
· Scenario with a mix of URLLC and eMBB services.

· The optimal design option for URLLC and eMBB multiplexing in various scenarios may depend on actual URLLC and eMBB system load and traffic characteristics for each service:

· Scenario with URLLC only service may have predetermined traffic patterns that can be utilized to enable SPS-like operation

· Scenario supporting both URLLC and eMBB services may require SR based transmission scheme to avoid wastage of URLLC spectrum resource that can be reused for eMBB service

2.2 URLLC Applications and Traffic Characteristics
Various URLLC applications have different traffic parameters (message generation rate, packet size distribution, packet arrival variation, latency bounds, reliability targets, etc.). Among multiple URLLC services at least periodic and sporadic traffic are two major URLLC traffic types. Typically, periodic traffic has predetermined fixed parameters, although not all of them may be known in advance and may eventually change over time (e.g. message generation rate, packet size, or arrival time, etc.). For sporadic traffic, the packet arrival time and other traffic parameters may not be known in advance and vary depending on URLLC applications. For gNB reception of UL URLLC transmission, it is important to know L1 transmission parameters used by UE. Different mechanisms can be used to determine L1 parameters of URLLC transmission.
Observation 2
· Various URLLC applications have different traffic characteristics and therefore different design options may optimize URLLC system performance.

3 UL URLLC Transmission Options
There are several mechanisms to acquire L1 URLLC transmission parameters (format) for gNB reception. The following three options can be considered for UL URLLC applications.
· Option 1. UL transmission parameters are dynamically determined and assigned by gNB. In order to properly assign L1 parameters for UE transmission (e.g. resources, MCS, etc.), gNB should be aware about UE buffer and traffic characteristics as well as channel propagation conditions. Taking into account strict latency requirements, this information can be provided to gNB through UE scheduling request (SR) signaling. The efficient support of URLLC services may have certain impact on SR design as further discussed in section 5 of this contribution.
· Option 2. UL transmission parameters are dynamically determined and signaled by UE. This type of operation assumes that UE transmits control channel in UL in order to inform gNB on actual transmission parameters (e.g. resources selected for transmission within a predefined pool of resources, MCS, packet size). The physical structure and resources of the control channel can be predetermined or preconfigured by gNB and thus are assumed to be known in advance.

· Option 3. UL transmission parameters are predefined (e.g. preconfigured by gNB). In this case, gNB configures candidate set of transmission resources, set of possible packet size(s), L1 format(s) including DMRS sequences, set of MCS levels, etc. These parameters are supposed to be monitored by gNB at the receiver side. The gNB is expected to blindly detect at least some of these transmission parameters and perform decoding attempts according to the possible set of L1 parameters while some of the parameters may be UE-specifically configured. The UE is expected to follow predefined procedure to properly select resource and potentially other L1 parameters for UL transmission within the predefined set of parameters (e.g. packet size, etc.).
All of these options have certain pros and cons for URLLC applications. The main drawback of Option 1 is that it reduces the overall latency budget for UL data transmission that may affect reliability. On the other hand Options 2 and 3 have limitations given that UE is not aware about instantaneous system loading and interference situation at gNB side. Therefore in order to ensure reliability, the UL transmission parameters selected by UE should be based on pessimistic assumptions, unless some indication to assist selection of L1 transmission parameters is provided by gNB. Option 3, may impose additional UE limitations on L1 parameter selection (that may be introduced to reduce gNB complexity, e.g. amount of blind decoding attempts). These limitations may not fit the UE instantaneous traffic conditions and therefore UE may need to segment packets (and trigger multiple TX processes to transfer overall packet within latency bound) or occupy multiple resources (e.g. sub-channels). In all of these options certain parameters (e.g. UE DMRS sequence and set of available TX resources) may be provided in advance, so that UEs do not select the same resource and DMRS sequence that may destroy demodulation performance and reliability of UL reception.
In order to efficiently support different URLLC applications, the NR system may need to adopt multiple options that can be used in different scenarios to optimize overall system performance targeting support of different use cases. Given that NR system aims to support services with different KPIs, the flexible resource management options need to be defined. Considering SR based design in application to URLLC UL transmission, gNB should be aware about traffic/service attributes in order to properly schedule different traffic types (e.g. eMBB, low latency and ultra-reliable low latency traffic).

Observation 3
· The SR enhancements aiming to inform gNB about traffic/buffer attributes can benefit UL URLLC services.
In the next section, we consider design enhancements for UL URLLC transmission based on SR and UL grant and analyze relevant enhancements for URLLC applications. Our views and design considerations for other UL schemes are provided in [2].
4 SR-Based URLLC Transmission
The dynamic resource allocation for UL transmission based on the Scheduling Request (SR) is a one of the baseline modes of operation in cellular systems and is also applicable to URLLC.
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Figure 1: SR-based UL URLLC Transmission.
In this mode, a UE first sends SR, awaits for an UL grant from gNB, and transmits UL data that can incorporate buffer status report (BSR). For URLLC applications, 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) UL grant TX processing, frame alignment, transmission duration, RX processing; 3) UL data transmission and processing. However, as it is shown in the Appendix A, it is possible to meet target latency.
· Reduced maximum link budget. The reduced latency budget (due to SR and UL grant transmission) adversely affects the maximum link budget that can be achieved by UL URLLC transmission. This aspect may be critical for power-limited cell-edge UEs. The separate fallback mechanism may be needed for cell edge UEs.
· Reliability aspect. The SR, UL Grant, UL Data transmission should meet the overall reliability target that requires reliable operation for each channel. In SR based operation, the reliability of UL Grant and UL Data transmission are fully under gNB control, since gNB assigns parameters of each transmission. The SR transmission itself may be at least partially controlled by gNB. For instance the SR transmission format and resource can be configured by gNB, so that gNB can provide predefined level of reliability for SR transmission.
· Resource overhead. Additional resources to accommodate transmission of SR and UL Grant may increase system control overhead comparing to grant-free transmissions. However, the amount of resources allocated for SR or UL grant can be fairly small.
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 for URLLC UL data transmission.
· URLLC system capacity optimization. The scheduled URLLC resource can be optimized on a packet by packet basis considering current system load and radio-conditions that can be utilized to maximize URLLC capacity.
· Reduced impact on eMBB. With the dynamic mechanism of UL resource allocation, the minimum impact on eMBB can be expected given that static resource reservation for URLLC can be avoided (possibly except SR resources itself). The mechanism to prevent collision of UL URLLC and UL eMBB transmission may still be needed to enable reliable URLLC service ([3]).
In the next section, we discuss enhancements for SR-based UL URLLC transmission that can be considered for NR system design.
5 Enhancements for SR-Based UL URLLC Transmission

5.1 SR Enhancements
SR resource – granularity and periodicity

For URLLC applications, the SR resources should be allocated with finer granularity in time (e.g. mini-slot or symbol level granularity) in order to reduce time on SR frame alignment and access time to SR resources. In LTE, the minimum SR periodicity and transmission duration is equal to 1 ms. For NR URLLC applications targeting less than 0.5 ms latency requirement, the SR resource should be allocated with much finer time granularity in time (e.g. 100us or below) to meet latency bound.
Proposal 1
· For URLLC, SR transmission duration is bounded by one symbol or URLLC mini-slot duration.

· For URLLC, SR resources are allocated with one symbol or URLLC mini-slot granularity in time.
· For URLLC, SR resources can be exclusively allocated for URLLC service only.

For URLLC applications with sporadic traffic, there is a limited opportunity to multiplex SR resources in time and configure time orthogonal resource to different UEs, given that it can negatively affect the overall latency budget due to frame alignment delay. Therefore in order to improve SR reliability/capacity, the FDM and CDM multiplexing approaches should be considered with higher priority although the CDM multiplexing order may be limited by the DM-RS port multiplexing. On the other hand, considering the small payload of SR it may be possible to utilize higher SCS for SR transmission and multiplex two or four SR resources within one symbol of reference numerology. The TDM of SR transmissions from different UEs using higher SCS, can further reduce the SR processing latency but is penalized in terms of maximum link budget due to reduced transmission time. For non-power limited UEs the link budget penalty can be compensated by the increased transmission power. In addition, the utilization of higher SCS for SR transmission may be beneficial in case of TDD operation where one symbol of reference numerology can accommodate SR transmission and TX/RX switching. Therefore the utilization of the increased SCS for SR transmission should be further analyzed.
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Figure 2: SR transmission with increased SCS
Proposal 2
· Further study benefits of using higher SCS for URLLC SR transmission.

SR configuration (pre-configuration)
In LTE, the SR resource configuration is assigned by eNB through RRC configuration. For NR URLLC applications, the similar principles can be reused. The gNB can provide parameters configuring or (pre-) configuring SR resource in time-frequency domain, DMRS sequence, and SR sequence. This pre-configuration is needed to avoid situation, when UE selects the same L1 parameters for URLLC SR transmission.
Proposal 3
· For URLLC transmission, the SR resource (time frequency resource, DMRS sequence and SR modulation sequence, if defined) are UE specifically configured by gNB or pre-configured.
SR content
For URLLC applications, the SR may carry additional information about traffic/service attributes. For instance, SR may encode QoS attributes related to reliability target, latency budget or information on packet size. This information may be needed to properly handle SR request at the gNB side and process it accordingly. For instance, the UEs may have traffic that require ultra-reliable low latency communication (URLLC) or only low latency communication (LLC) w/o strict reliability targets. If gNB can distinguish URLLC SR from LLC SR it can process each SR accordingly providing proper handling for each service (e.g. prioritize URLLC UL vs LLC UL or eMBB UL transmissions).
In general, the gNB may discover traffic/service attributes, when UE connects to network and register for certain service or corresponding bearers are established. From L1 perspective, there should be a unique mapping between service and SR, so that gNB (and UE) can distinguish the SR associated with given service and properly handle it.
Proposal 4
· The SR for URLLC is distinguishable from SR for eMBB or other services.
· FFS specific mechanism to distinguish SR for eMBB and URLLC (e.g. different resources, physical structure, content or sequence, etc.)

· For URLLC services, SR encodes additional information characterizing traffic attributes
· At least information about packet size is indicated to gNB by SR transmission to reduce UL packet transfer latency (association of the set of packet sizes can be UE specifically configured by gNB).

· FFS other URLLC specific traffic attributes indicating reliability or latency targets.
· Amount of information carried by SR should be minimized (e.g. limited to 4 bits)

SR physical structure

The SR resource (that may be characterized by the set of time-frequency resources, DMRS parameters) may be UE specifically configured to avoid contention on SR resources (e.g. URLLC SR resources). Given that gNB is supposed to schedule UL URLLC transmission it should be able to provide proper amount of spectrum resources and MCS. The both amount of allocated resources and MCS depend on UL TBS (packet size), which may not be known to gNB. In order to address this issue, the SR transmission may carry limited information on packet size to help gNB in dynamic resource allocation of UL URLLC transmission. In order to provide quantized information on URLLC packet size, the UE can attach it to or combine it with SR signaling. Therefore in terms of SR physical structure there are two possible options for SR transmission: 1) payload based SR or 2) sequence based SR. Assuming limited payload size carried by SR the sequence based approach can be more appropriate for UL URLLC since it may reduce processing complexity and increase reliability.
Proposal 5
· Further study the SR physical structure for URLLC considering the required payload size and reliability aspects.
5.2 URLLC DCI Enhancements
In general, the common control channel design framework may cover both URLLC and eMBB services. However, similar to possible SR enhancements, there are a few considerations that can be specific to URLLC services.

In order to simplify UE processing and complexity, the URLLC control channel design should target to reduce the amount of blind decoding attempts per mini-slot. The number of blind decoding attempts is determined by control channel search space. It needs to be analyzed whether for URLLC applications, the common or UE specific search space should be used. The benefits of common search space are gNB scheduling flexibility and increased control channel capacity. The benefits of UE-specific search space is reduced complexity due to lower amount of blind decoding attempts at the expense of reduced control channel capacity. The UE-specific search spaces if applied can reduce the control channel capacity per mini-slot due to control channel blockage probability. The control channel blockage can prevent scheduling of multiple active UEs, since their UE specific search spaces overlap and therefore there may be no candidate resource for grant transmission to some of active UEs. The control channel blockage probability may negatively affect the URLLC performance and needs to be further analyzed for URLLC services and URLLC control channel design.
It should be noted that for URLLC applications, the PDCCH resources needs to be allocated with fine granularity in time (e.g. mini-slot). In general, the finer time granularity, the lower probability to occupy the same mini-slot by UEs. Therefore at practical URLLC system loadings, it is likely that only a few UEs may share the same mini-slot. It means that the number of control channel resources per mini-slot can be relatively small and thus the common search space may be a reasonable design choice for URLLC services.

In case of UE specific search space, in order to address the control channel blockage problem and keep manageable amount of blind decoding attempts, the gNB may dynamically control/change the UE-specific search space. This principle may require dual stage processing, where gNB using common search space indicates UE specific search space for URLLC UE which is used to decode information about actual data transmission. The alternative way is to allow overlap of control channel transmissions on control channel elements.
Proposal 6
· Strive to have common NR-PDCCH channel design framework for eMBB and URLLC services.
· Further study if there is an impact of NR-PDCCH control channel blockage probability on URLLC performance for practical URLLC system loadings.
· For URLLC NR-PDCCH, keep the number of control channel candidate resources as small as possible.

One of the options to reduce complexity of URLLC search space monitoring is to link SR resource with URLLC control channel search space/resource. Although it is beneficial for UE, it may put additional constraint on gNB scheduling and thus does not considered here.
Consideration on URLLC control and shared channel transmission
The URLLC control or shared channel transmission can preempt the DL eMBB control or shared channel transmission. However, URLLC control transmission should not preempt URLLC shared channel transmission. From latency consideration aspects the URLLC control and shared channel needs to be transmitted in the same mini-slot. In this case it is possible to orthogonally multiplex control and shared channel transmission by gNB implementation. If gNB can schedule multiple consecutive mini-slots it may be difficult to preempt already scheduled URLLC transmissions in case of additional URLLC traffic. In order to address this problem two options are possible: 1) gNB perform dynamic scheduling every mini-slot including mechanism of adaptive retransmissions or 2) gNB configure resource pools for URLLC control and shared channel transmissions and performs scheduling taking into account that there may be additional URLLC transmissions (look ahead scheduling).
Observation 4
· URLLC control channel transmission should not preempt URLLC shared channel transmission.

Proposal 7
· For URLLC reception, UE is configured to monitor control channel in mini-slots.

· For URLLC reception, UE does not assume preemption between URLLC control and shared channel transmissions.

6 Conclusions

In this contribution, we discussed tradeoffs in terms latency and reliability for SR based UL URLLC transmission schemes. In our view the SR based transmission schemes should be supported by NR for URLLC services and can benefit system performance for low URLLC loadings. One of the motivations is the efficient multiplexing between eMBB and URLLC services without wastage of resources for eMBB transmission. Based on the analysis, we have the following proposals:
Proposal 1
· For URLLC, SR transmission duration is bounded by one symbol or URLLC mini-slot duration.

· For URLLC, SR resources are allocated with one symbol or URLLC mini-slot granularity in time.
· For URLLC, SR resources can be exclusively allocated for URLLC service only.
Proposal 2

· Further study benefits of using higher SCS for URLLC SR transmission.
Proposal 3

· For URLLC transmission, the SR resource (time frequency resource, DMRS sequence and SR modulation sequence, if defined) are UE specifically configured by gNB or pre-configured.
Proposal 4

· The SR for URLLC is distinguishable from SR for eMBB or other services.

· FFS specific mechanism to distinguish SR for eMBB and URLLC (e.g. different resources, physical structure, content or sequence, etc.)

· For URLLC services, SR encodes additional information characterizing traffic attributes

· At least information about packet size is indicated to gNB by SR transmission to reduce UL packet transfer latency (association of the set of packet sizes can be UE specifically configured by gNB).

· FFS other URLLC specific traffic attributes indicating reliability or latency targets.

· Amount of information carried by SR should be minimized (e.g. limited to 4 bits)
Proposal 5

· Further study the SR physical structure for URLLC considering the required payload size and reliability aspects.
Proposal 6

· Strive to have common NR-PDCCH channel design framework for eMBB and URLLC services.

· Further study if there is an impact of NR-PDCCH control channel blockage probability on URLLC performance for practical URLLC system loadings.
· For URLLC NR-PDCCH, keep the number of control channel candidate resources as small as possible.
Proposal 7

· For URLLC reception, UE is configured to monitor control channel in mini-slots.

· For URLLC reception, UE does not assume preemption between URLLC control and shared channel transmissions.
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Appendix A – 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. In the diagrams below (see Figure 3 and Figure 4), 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 3. Latency for one-shot SR-based UL transmission.
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Figure 4. Latency for HARQ SR-based UL transmission.
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