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1.
Introduction
This contribution is motivated by the following agreement in 3GPP RAN1#87[2]

RAN1#87 Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design
In this URLLC relevant agreement, UE can freely transmit uplink traffic without waiting for UL grant or resource assignment information delivered by gNB. It should be noted that it only excludes the UL grant part of the UL scheduling procedure, it doesn’t preclude the possibility of transmitting SR (scheduling request) like signal to notify gNB the intention of URLLC uplink traffic before pure UL data transmission.  From this context, detailed resource configuration is still open for further study, including shared or unshared resource among users which could belong to either URLLC or eMBB UEs. Since gNB couldn’t foresee the arrival time of URLLC UL traffic beforehand, preconfigured resource dedicated for URLLC users seems a promising solution for low latency and high reliability consideration. However, this scheme leads to inefficient resource utilization especially for the sporadic nature of URLLC traffic. In this contribution, shared resource scheme for eMBB and URLLC UEs is proposed, wherein some protection mechanisms toward URLLC users to assure low latency as well as high reliable transmission of URLLC UL traffic are provided.
2.
Discussion
The most criticized part and the consequence of shared resource configuration is the contention problem. Hereafter we will particularly focus on the contention resolution between eMBB and URLLC traffic. For UL traffic collision avoidance among URLLC UEs can reuse existing techniques have been extensively discussed in 3GPP such as random resource/preamble selection in initial uplink transmission or pattern-based resource selection in D2D sidelink communication.    

For collision avoidance of URLLC UL traffic using shared resource, although URLLC UEs can firstly perform channel sensing before UL resource selection, this scheme creates additional time period for sensing which could lengthen the latency or limit available time period for data transmission. 
For timely and precisely identify of the resource occupied by eMBB UEs, URLLC UEs could try to receive and decode eMBB UEs’ UL grant information first and then preclude the resource has been scheduled for eMBB for its own UL resource selection and transmission. To make this kind of DCI awareness feasible, we can resort to the concept of two-step DCI design, for example, the first DCI could be commonly and regularly available in a specified location of a slot, and both URLLC and eMBB UEs are able to probe into the content. This DCI content may specify the time-frequency resources which has been defined for shared access with URLLC traffic and also the scheduling information for eMBB UEs. In this way, URLLC UEs can calculate and exclude these eMBB occupied resources for UL resource selection. The second DCI is eMBB UE-specific, which contain non-resource relevant or non-time-critical control information for eMBB UEs that URLLC UE doesn’t need to acquire.

Proposal 1: eMBB DCI content awareness by URLLC could be considered for URLLC uplink grant-free resource selection to prevent potential collision with eMBB UEs.
Aforementioned contention-avoided scheme doesn’t do any harm to eMBB UEs. However, in some situations, pre-emption for URLLC UEs is necessary due to heavy congestion with eMBB UEs or rarely occurred event happens unexpectedly. Pre-emption notification could be send by URLLC UE while its uplink traffic arrives, this pre-emption signal can be carried on a specially designed preamble somehow in place of the function of SR. Once this preamble is received by serving gNB, the originally planned DL/UL operation for eMBB UEs is suspended. This signal could also be received at neighbour eMBB UEs providing that the one-way (URLLC Tx and eMBB Rx) or two-way sidelink communication is available. Upon detection of this pre-emption signal, eMBB UEs may refrain from UL transmission (ex: SR/PUSCH/PUCCH). In this way, the protection area in the neighbourhood of this URLLC UE is created and the following UL data traffic can be protected. 

After the UL data has been received completely, gNB may send a response message to the URLLC UE for ACK/NACK indication or to inform the re-transmission resource if necessary. With proper design, this response message could also be received by eMBB UEs for indication of pre-emption relief. The gNB can therefore resume its processes suspended during the pre-emption period and go back to normal operation mode. Here we define the pre-emption period starting from the time of pre-emption signaling triggered by URLLC UE until the time point of response signal occurrence generated by gNB.
Proposal 2: Pre-emption signal transmission prior to URLLC uplink transmission and then followed by a response signal is necessary to create pre-emption area and also the pre-emption period for UL data protection.
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Fig.1 Pre-emption Period

During the pre-emption period, any eMBB UE DL/UL transmissions are blocked by URLLC UE. To compensate the traffic loss of eMBB UEs, as long as the pre-emption signal being detected, gNB need to keep aware and record of the transmissions which have been blocked during the pre-emption period, and make a compensation for these eMBB UE by rescheduling as soon as possible, for example, rescheduling DCI can be transmitted at the point of response signal. 
Observation 1: eMBB traffic blocked by URLLC uplink transmission during pre-emption period should be remediated with some mechanisms afterward.
During the meeting, front-loaded reference signal design has been well-recognized as a scheme for fast acquisition of channel information for data demodulation. In this preamble-led uplink transmission, preamble sequence could be designed to work also as a front-loaded reference signal, with this design, more resource can be reserved for data part transmission, i.e., resource used for transmitting reference signal is not necessary.      

Observation 2: Preamble signal prior to URLLC uplink traffic could be designed to work as front-loaded reference signal.  
Above-mentioned awareness-based or priority-based UL grant-free transmission schemes take part in certain level of reliable transmission URLLC due to less interfering sources. To further enhance transmission reliability to the level indicated in URLLC requirement [1], multiple transmission or reception opportunities, no matter in time, frequency or spatial domain seems inevitable.        

HARQ-based scheme can be fit into the preamble-data-response structure by using response part for re-transmission scheduling in case URLLC traffic in the first transmission failed, even in the pre-emption period. However, for extremely latency-sensitive case, multiple time-domain transmissions may not be feasible. In last meeting of RAN2#96, multi-connectivity has been approved as a scheme for reliability enhancement in URLLC [3], quoted bellow.
RAN2#96 Agreements:

· Multi-connectivity (e.g., with packet duplication, link selection) should be studied for achieving the reliability requirement for URLLC
For grant-free uplink transmission, multi-connectivity framework can also be adopted here to achieve reliable UL traffic reception at network side. Along with intensive discussions recently over uplink based measurement scheme, we propose to consider using preamble signal as a beacon for measurement at neighbour TRPs, and based on the measurement results, these TRPs can negotiate with each other to determine which TRP(s) is(are) more suitable and should be responsible for the following UL reception (refer to Fig.2). Alternatively, beacon could be a periodically occurred UE-specific reference signal under the existing discussion of uplink based measurement framework. From our point of view, preamble-based solution seems to be a more resource and energy efficient solution, especially for sporadic nature of URLLC traffic pattern. 

Considering the time-consumption necessity for measurement and coordination among TRPs, it might extend across over the time point of UL data transmission, in this case, TRPs can separately receive UL data first, and then conduct negotiation afterward to come up with the best combination of reception weighting of each TRP for robust decoding. 

Finally, response signal can be transmitted by TRP(s) responsible for UL traffic reception or by the representative TRP(s) jointly decided by TRPs.
Proposal 3: Multiple reception nodes for reliable URLLC uplink traffic reception should be considered based on uplink measurement over preamble signal.     
Proposed uplink grant-free transmission scheme is in accordance with the discussion of 2-step RACH scheme, where in our case, the preamble and uplink data is transmitted in the first message and response is transmitted in the second message. The current outcome of two-step RACH discussion is quoted as bellow, wherein the use cases for 2-step RACH is still open for FFS and could be configured by the network.
RAN2#96 Agreements
· If 2 step RACH is supported:

1. The 2-step RACH resources are optionally configurable by the NW 

2. FFS whether it can be configured by broadcast and/or by dedicated signalling.

3. NW can configure/restrict the usage of the 2-step RACH for certain cases ( e.g. procedures/services/radio condition, etc) (FFS for which cases for which it is possible to configure/restrict the usage)

4. RAN2 expects a benefit in latency for the 2 step RACH procedure

5. From RAN2 point of view, the 2-step RACH procedure is not restricted to be used with certain UE ID size.

Observation 3: Proposed uplink grant-free scheme can be a use case in 2-step RACH. 
Another important feature is that proposed uplink grant-free transmission can fit into self-contained frame structure. The preamble-data-response structure could be either assembled within a minislot, i.e., minislot includes multiple symbols to incorporate the UL transmission (preamble and UL data) in the first part and DL transmission (response) in the second part, or within a slot constituted by several minislots, ex., the slot include several minislots, one of them carries preamble signal, another one minislot carrying the response message and the UL data part could be the other minislot(s) transmitted on remaining symbols in between.  Different to most of the proposed self-contained frame structures which starts with DL transmission and then followed by UL transmission, we propose to consider using UL transmission first followed by DL transmission kind of self-contained structure specialized for URLLC uplink grant-free transmission.  

Observation 4: Proposed uplink grant-free scheme can be fitted into the framework of mini-slot and self-contained frame structure. 
General concept of operating flows for the proposed scheme can be found in Fig. 2. In the beginning, URLLC UEs monitoring the UL grant message of eMBB UEs. Upon uplink data traffic arrives. It choose the resource for preamble transmission. 
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Fig.2. Oprating procedure of proposed uplink grant-free transmission scheme. 

The preamble resource could be preconfigured for exclusive usage or shared with eMBB resource. Exclusive resource reserved for preamble could facilitate the detection of simultaneous preamble transmissions by multiple URLLC UEs. The exclusive preamble location is contention free with other eMBB traffic, as long as the preamble sequence is different, gNB can separate mixed UL traffic using advanced receiver, even if the selected resource of data part is overlapped among different URLLC UEs. 

For shared resource with eMBB, URLLC UEs need to preclude the resource already assigned for eMBB UEs, no matter the resource is used for preamble part or data part. From our prospective, URLLC UEs always use shared resource with eMBB UE, at least uplink data part. 

From eMBB point of view, there could be part of resource which is not shared with URLLC and reserved for eMBB UEs with higher QoS requirements. In this case, a lot of features specified for shared resource access can be ignored by these eMBB UEs, such as detecting pre-emption signal and response message.  

From URLLC UE point of view, the only concern would be the shared resource part of eMBB, they don’t need to monitor eMBB UL grant information if the resource planning for these eMBB UEs are non-shared resource and known to the URLLC UEs for sure in certain scheme. Resource planning of proposed scheme can be found in Fig. 3.
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Fig. 3. Resource planning for share/dedicated usage.
From the proposed UL grant-free structure arrangements, there are different features need to be considered in our design, either in preamble signal part or in response message part. 
Proposal 4: For “preamble signal”, its role or characteristic could be manifold:

· Pre-emption
· Received by eMBB UEs to refrain from uplink transmission (ex: SR, PUCCH, PUSCH, etc)

· Received by TRP(s) to suspend DL/UL operation (ex: PDCCH, PDSCH for eMBB UEs, etc)
· Front-loaded RS 
· Received by TRP(s) for quick UL data demodulation 
· Beacon for TRP(s) measurement and coordination

· Received by TRP(s) to perform uplink based measurement and negotiation for link selection toward following data reception.

· URLLC UE identification

· Received by TRP(s) to identify different URLLC UEs.

Similarly, for “response message”, the function could be multiple:

Proposal 5: For “response signal”, its role or characteristic could be manifold:
· Pre-emption relief

· Received by eMBB UEs to convert to normal operation

· ACK/Nack indication

· Received by URLLC UE to get granted resource for retransmission if previous transmission is failed.

· Re-scheduling indication

· Received by eMBB UEs to link to rescheduled UL/DL resource for previous scheduled transmissions which have been blocked by URLLC UEs during pre-emption period.

3.
Conclusion
In summary, there are some key features or technologies which has been incorporated in our design, the purpose is to realize resource and energy efficient, reliable and low latency transmission for uplink grant-free based transmission.  The features include awareness-based UL resource selection supported by two-step DCI design, priority-based resource selection relying on preemption concept and availability of sidelink communication, coordinated reception among multiple TRPs based on uplink based measurement result via beacon signal. Moreover, our design also conform to the structure of 2-step RACH and self-contained framework. 
Proposal 1: eMBB DCI content awareness by URLLC could be considered for URLLC uplink grant-free resource selection to prevent potential collision with eMBB UEs.
Proposal 2: Pre-emption signal transmission prior to URLLC uplink transmission and then followed by a response signal is necessary to create pre-emption area and also the pre-emption period for UL data protection.
Observation 1: eMBB traffic blocked by URLLC uplink transmission during pre-emption period should be remediated with some mechanisms afterward.
Observation 2: Preamble signal prior to URLLC uplink traffic could be designed to work as front-loaded reference signal.  

Observation 3: Proposed uplink grant-free scheme can be a use case in 2-step RACH. 

Observation 4: Proposed uplink grant-free scheme can be fitted into the framework of mini-slot and self-contained frame structure.
Proposal 3: Multiple reception nodes for reliable URLLC uplink traffic reception should be considered based on uplink measurement over preamble signal.     
Proposal 4: For “preamble signal”, its role or characteristic could be manifold:

· Pre-emption

· Received by eMBB UEs to refrain from uplink transmission (ex: SR, PUCCH, PUSCH, etc)

· Received by TRP(s) to suspend DL/UL operation (ex: PDCCH, PDSCH for eMBB UEs, etc)
· Front-loaded RS 
· Received by TRP(s) for quick UL data demodulation 

· Beacon for TRP(s) measurement and coordination

· Received by TRP(s) to perform uplink based measurement and negotiation for link selection toward following data reception.

· URLLC UE identification

· Received by TRP(s) to identify different URLLC UEs.

Proposal 5: For “response signal”, its role or characteristic could be manifold:
· Pre-emption relief

· Received by eMBB UEs to convert to normal operation

· ACK/Nack indication

· Received by URLLC UE to get granted resource for retransmission if previous transmission is failed.

· Re-scheduling indication

· Received by eMBB UEs to link to rescheduled UL/DL resource for previous scheduled transmissions which have been blocked by URLLC UEs during pre-emption period. 
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