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Introduction
RAN1 agreed to support multiple resource configurations for UL transmission without UL grant for single serving cell. When multiple resources for grant free are configured, overlap in time domain among multiple grant free resources may occur. In additional, overlap between grant free and grant based may also occur. This document studies these transmission collision issues.
In addition, collision issue in grant free resource, especially on DMRS collision is also discussed.
Multiple resource configurations for grant free
1.1 Resource collision
RAN1 agreed to support multiple resource configurations for UL transmission without UL grant for single serving cell. When multiple resources for grant free are configured, overlap in time domain among multiple grant free resources may occur. For example, as shown in Figure1, one grant free resource is configured for VoIP and another grant free resource is configured for URLLC. Usually, different TTI length and MCS are configured for traffic with different QoS. In this scenario, it is not clear how to map data to grant free resource. And in the case of power limitation, it is not clear how to choose transmission resource among multiple grant free resource.


Figure1 multiple resource configurations for grant free
1.2 Data mapping
When data transmits in multiple resources simultaneously, it is nature to map data into resource based on traffic type or traffic QoS. Take VoIP and URLLC as an example.
· When only one traffic in buffer, one or more resource meeting QoS requirement can be used. 
· For URLLC, Only resource 2 meets the requirement of traffic QoS, so resource 2 can be used for URLLC transmission. 
· For VoIP, both resource 1 and resources 2 meet the requirement of traffic QoS, so resource 1 and resource 2 can be used for VoIP. To reduce collision among VoIP and URLLC in resource 1, it is better to prioritize resource 2 for VoIP.
· When more than one traffic in buffer, Traffic with high priority map firstly. 
· For URLLC and VoIP, URLLC data maps resource 2 firstly. If there is remaining resource in resource 2, then VoIP maps in resource 2 firstly and then maps in resource 1. Otherwise, VoIP maps in resource 1. 
· It is noted that URLLC data can’t map to resource 1, even resource 2 is not enough to carry all URLLC data.
Proposal 1: Mapping between data and resource depends on traffic type/QoS and resource configuration, such as TTI length.
1.3 Resource selection
However, in the case of power limitation, resource selection is still an issue. There are two collision cases, overall collision and partial collision, as shown in Figure 2.


                            
(a) Overall collision              (b) Partial collision
Figure 2 Resource collisions among multiple grant free resources
For overall collision, we need to select one resource.
· Scheme1: Fixed resource selection based on specification or configuration. For example, resource with short TTI length is always used.
· Scheme2: Dynamic resource selection based on traffic. For example, when there is URLLC data in buffer, resource with short TTI or lower MCS is selected. When there is only VoIP data in buffer, resource with long TTI or higher MCS is selected.
Though scheme1 is simply in terms of specification and implementation, it may decrease system efficiency and URLLC reliability due to lower MCS configuration and higher collision probability. Therefore, scheme 2 is preferred. 
For partial overlap, resource selection can generally follow the above principle. However, it is not clear whether non-overlap resource can be used. In terms of system efficiency, it is reasonable to transmit data in non-overlap resource. However, if DMRS is punctured due to resource collision, data in non-overlap resource cannot be demodulated and transmission is not reasonable. So for non-overlap, data transmission depends on whether DRMS is punctured.
Proposal 2: In case of power limitation, transmission resource is selected based on traffic. 
Proposal3: For partial overlap, Non-overlap transmission depends on whether DRMS is punctured.
Grant based and Grant free transmission collision
The above discussions mainly focus on resource collision among multiple grant free resource; however there is collision between grant based and grant free transmission. In LTE, grant based transmission always prioritizes SPS transmission. Then in NR, there are at least two types of traffic with different delay and QoS. So traffic priority should also be considered in resource selection. The resource configured for high priority traffic should be used firstly regardless schedule type. And then among the resources for the same priority traffic, grant based is higher priority to grant free.  The mapping between physical resource and traffic can refer to TTI length.
Proposal4: Transmission resource selection depends on traffic and schedule type.
· The resource configured for high priority traffic is higher priority.
· For resources configured for the same type of traffic, dynamic resource is higher priority
DMRS hopping 
Non-orthogonal resource allocation is usual for URLLC to support more grant free UE in limited resource, however DMRS collision leads UE misrecognition issue and channel estimation error. Therefore, it is necessary to avoid non-orthogonal DMRS interference, especially always-interference for a pair of UEs. UE-specific DMRS hopping is a good choice. 
To coordinate hopping pattern among UEs easier, even the initial transmission occurs randomly in time domain, DMRS port for the initial transmission, ,should depend on time index.
In addition, there are three hopping schemes:
· Simple function with UE-specific parameters
) , n is time index with unit of one transmission. N is available hopping resources.  is starting DMRS port,  is hopping offset,  is total number of DMRS port. These parameters except n are all configured by RRC. 
· Random function with UE-specific parameters
Random hopping can also solve always-collision issue, but it may lead unnecessary interference in case that orthogonal resource is enough. Therefore, if this scheme is applied, it’s better to configure on-off. When orthogonal resource is enough, fixed DMRS port or fixed hopping pattern is applied. Otherwise, Random hopping is applied.
· Definite UE-specific hopping pattern
Definite UE-specific hopping pattern is the most flexible hopping configuration, which can maximum system efficiency by reasonable configuration.
Proposal5: In order to avoid and reduce always-DMRS collision probability, DMRS hopping should be considered
[bookmark: _GoBack]Conclusions
In this contribution, we show our views on UL transmission without UL grant with following observation and proposals:
Proposal 1: Mapping between data and resource depends on traffic type/QoS and resource configuration, such as TTI length.
Proposal 2: In case of power limitation, transmission resource is selected based on traffic. 
Proposal3: For partial overlap, Non-overlap transmission depends on whether DRMS is punctured.
Proposal4: Transmission resource selection depends on traffic and schedule type.
· The resource configured for high priority traffic is higher priority.
· For resources configured for the same type of traffic, dynamic resource is higher priority
Proposal5: In order to avoid and reduce always-DMRS collision probability, DMRS hopping should be considered.
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