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1 Introduction
In the previous RAN1 #86 meeting RAN1 discussed various resource sharing/assignment schemes and the following was agreed to support URLLC in NR:  
Agreement:
·  At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded

As indicated by the above agreement RAN1 is considering both grant-free and scheduled UL transmissions to support URLLC services. Several companies have discussed the trade-off between latency and resource utilization when grant-free (pre-defined) or scheduled-based access are considered [1],[2]. Both reliability and very low latency are important aspects of URLLC; however, both of these requirements sometimes are in conflict with each other as discussed in [3]. 
In addition to the above agreement, RAN1 also agreed to support dynamic TDD scheme as indicated in the following agreement:
Agreement:
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}
· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain

This contribution addresses a method for enabling UE-initiated scheduled UL transmissions with minimal delay that is suitable for delay-sensitive services such as the URLLC. 
The contribution is organized as follows:
· Section 2 discusses the dynamic eMBB/URLLC multiplexing in dynamic TDD deployments.
· Section 3 describes how the zero-wait-time underlay scheduling request signal reduces latency for uplink transmissions in dynamic TDD deployments.
· Section 4 proposes a frame structure to support short-duration transmissions that can be used for the underlay scheduling request signal transmissions.
· Section 5 discusses the single numerology case for the underlay scheduling request signal.
· Section 6 presents conclusion and summary
2	Dynamic eMBB/URLLC multiplexing in dynamic TDD deployments
In dynamic TDD deployments, the opportunity to transmit a scheduling request (SR) within the required time is much more difficult when delay-tolerant eMBB type transmissions use an aggregation of multiple subframes to reduce the control-signalling overhead [6]. Assuming no resources available for UCI during the multi-subframes the UEs have to wait a long time period for an opportunity to transmit the SR. This is a problem especially for the URLLC services since they are required to meet stringent latency requirement [4].  Additionally, in [5] the URLLC packets arrival rate analysis and simulation results have shown the reserved bandwidth increases drastically to meet the capacity requirements for the URLLC transmissions. 
As several papers have noted (for example, [5]), due to the bursty and delay-sensitive nature of URLLC traffic, it is highly efficient to multiplex eMBB and URLLC services dynamically. Dynamic eMBB/URLLC multiplexing in dynamic TDD deployments is a very challenging situation especially for the UL case where the dynamic scheduling requires SR transmission prior to UL data transmission. As discussed in [1] and [2], one approach is to predefine periodic resources for the delay-sensitive URLLC transmissions; however, it is well known the predefined resources method has low resource-utilization efficiency and poor traffic adaptability for the low-to-mid packet arrival rates and/or very high-reliability transmissions.
On the other hand, the scheduling based UL access has greater reliability, traffic adaptability and resource-utilization efficiency since it allows tightly controlled channel-aware resource and robust MCS selection-based transmissions. However, all the above benefits come at the cost of latency if the traditional scheduling procedure is used for the transmissions. We discussed this issue in [7] by showing the wait-time for an opportunity to transmit the SR is the most dominant latency component occurring in the LTE Rel-8 UL scheduling method. 
Observation: To enable a schedule-based UL access with dynamic eMBB/URLCC multiplexing in dynamic TDD deployments requires an ultra-fast scheduling-request signal.
3	Zero-wait-time Underlay Scheduling Request Signal
To handle the trade-off between latency and resource utilization efficiency for UL access, in [7] we introduced the Underlay Scheduling Request (SR) signal that reduces latency and simultaneously provides increased resource utilization efficiency and reliability of the UL transmission. In order to avoid collisions and to exchange the SR control information to concur on the channel usage for the UL transmissions, a multiple access spread spectrum-based underlay control channel is transmitted by the UEs during the DL and UL data transmissions using the entire channel bandwidth. In order to remain invisible to the corresponding receivers, a spread spectrum technique is applied to the signal to keep its transmit power comparable to or below the thermal noise level.
Figure 1 shows the scenario when there is no opportunity to transmit the UCI during the multi-subframes DL transmission. This is a perfect situation for the interested UEs to transmit their respective underlay SR signals requesting for URLLC UL resources. The serving eNB receives and decodes the SR and uses the information to schedule the UEs. The low overhead SR signal contains control information such as buffer status, priority, power-headroom, etc., related to the data packets to be transmitted by the UEs. Based on the number of SR signals being transmitted, the eNB has the flexibility to adapt and allocate resources for those UEs by multiplexing them with the existing delay-tolerant scheduled UL transmissions (for example, multiplexing eMBB and URLLC UL data). As mentioned earlier, a dynamic resource allocation scheme has to provide a capability to access resources on-demand in order to meet the latency requirements. The underlay SR signal offers just that capability in the most efficient manner by not requiring any dedicated resources and providing always-on availability for contention-based SR transmissions, no spectrum fragmentation as in the case of PUCCH/PUSCH in LTE and allowing the UEs to access UL resources with very low latency and signalling overhead. 
As discussed in [7] during the UE-initiated transmissions one of the dominant factor is the SR-related latency. We also showed the above signal allow the UEs to transmit SRs immediately such that in response the eNB can transmit the corresponding UL grants in the very next available DCI transmission. This scheme reduces the average waiting time to almost zero for the UE to transmit its SR and it also eliminates the delay uncertainty since the unknown wait-time for SR transmission component is removed. Hence, we name this scheme  the zero-wait-time SR method. 
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Figure 1: Scheduling requests transmitted during the multi-subframes downlink transmissions  
The 3GPP Feasibility Study on New Services and Market Technology Enablers technical report [8] describes several scenarios related to URLLC and as an example of one of the typical scenarios related to the industrial process automation communication that occurs between the process controller and the sensor/actuators via the plant network and the wireless mesh network has been mentioned. To support low-latency and high reliability communication the subframe durations are much shorter with wider bandwidth (e.g., 0.125 ms and 60kHz subcarrier spacing). It is possible the above wireless mesh may also support access for handheld devices for supervisory control or process monitoring purposes. Handheld devices handle this situation by transmitting the underlay SR signals not requiring any dedicated random resources to access the network that would have interrupted the on-going URLLC communications (Figure 2). 
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Figure 2: Scheduling requests transmissions by the handheld device during the on-going communication between process controllers and the sensor/actuator devices

The UE initiated data transmissions using underlay SR signals are ideal for URLLC type data transmissions requiring low latency and flexibility in data formats. Additionally, the underlay SR signals should be viewed as an improvement of the existing LTE Rel-8 type scheduling schemes; therefore, the same is applicable to the delay-tolerant scheduled UE initiated data transmissions as well. 
Observation: Zero-wait-time scheduling request transmitted as an underlay signal reduces the average wait time to almost zero, eliminates the delay uncertainty and provides scheduling flexibility to the eNB to adapt and dynamically allocate resources for UL transmissions meeting the most stringent URLLC latency requirements.

4	Frame Structure for the Underlay Scheduling Request Signal Transmissions
LTE Rel-8 supported transmissions starting at the subframe boundaries for the duration of the whole subframe. In order to support low-latency the transmissions need to be short and they should be allowed to begin transmissions not only at the subframe boundary but also within a subframe at “any” OFDM symbol [6]. 
[image: ]
Figure 3: Regions within the subframes for the underlay SR signal transmissions 
The same structure can be applied to the underlay scheduling request signal transmissions. Figure 3 shows the regions within a subframe when the underlay SR signal can be transmitted. The underlay SR signals needs to be only a few symbols long (for example, n symbols) beginning at “any” OFDM symbol within the subframe with the following exceptions:
1) To protect the DCI and UCI signals, the transmission underlay SR signal is limited to a region allocated to the DL and UL data transmissions.
2) The underlay SR signal is not transmitted during the gap periods to allow smooth DL/UL switching operation.  
Proposal: NR should support shorter SR transmissions lasting n symbols located at those regions indicated in Figure 3, where 0 < n < (N – NDCI – NUCI - NGP) and N, NDCI, NUCI, and NGP are the maximum number of symbols, number of DCI symbols, number of UCI symbols and the switching-gap duration in a subframe, respectively. 
5	Underlay Scheduling Request for the Single Numerology
Multiplexing different numerologies with the same NR carrier bandwidth was agreed in the RAN1#85 meeting. In Figure 4 two design examples for the underlay signals are presented with the following aspects to minimize the interference to the primary data signals: (i) SR signals should be as low power as possible and (ii) the duration of each SR packet should be as short as possible. We adopt an OFDM-based multicarrier-spread spectrum waveform similar to the design described in [7]. As shown in the Figure 4, in both the cases the underlay SR signal is spread over the entire bandwidth and the underlay SR signal has the same numerology as the data channel to achieve a high processing gain a high number of subcarriers for the spread SR signal are needed. 
[image: ]
Figure 4: Single numerology for the underlay SR signal transmission 
Observation: Underlay SR signals transmissions have the same numerology as the data channel. 

6	Conclusion
In this contribution we made the following observations and proposals:
Observation: To enable a schedule-based UL access with dynamic eMBB/URLCC multiplexing in dynamic TDD deployments requires an ultra-fast scheduling-request signal.
Observation: Zero-wait-time scheduling request transmitted as an underlay signal reduces the average wait time to almost zero, eliminates the delay uncertainty and provides scheduling flexibility to the eNB to adapt and dynamically allocate resources for UL transmissions meeting the most stringent URLLC latency requirements.
Observation: Underlay SR signals transmissions have the same numerology as the data channel. 
Proposal: NR should support shorter SR transmissions lasting n symbols located at those regions indicated in Figure 3, where 0 < n < (N – NDCI – NUCI - NGP) and N, NDCI, NUCI, and NGP are the maximum number of symbols, number of DCI symbols, number of UCI symbols and the switching-gap duration in a subframe, respectively. 
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