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1. [bookmark: _Ref298777854]Introduction
The grant free transmission has been agreed for the uplink (UL) of the New Radio (NR) access technology [1] for services such as uRLLC and mMTC. However, these services have very different requirements; for uRLLC, and mMTC, latency and connection density, respectively, are important KPIs [2]. The UL grant free transmission design should satisfy the diverse requirements of these different services. This contribution discusses how the parameters of the UL grant free transmission can impact the requirements of these services.
1. Discussion
The grant free (contention based) multiple access schemes have been widely studied in wireless networks. The UL grant free transmission mechanism is planned to serve uRLLC and mMTC services. In RAN1 #88, the companies agreed that the resources for UL grant free transmission will be “time”, “frequency”, “modulations and coding”, etc. The agreements made on the UL grant free transmissions are as follows [3]:

Agreements:
· For UL transmission without grant,
· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
· Reference signal parameters
· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
· FFS other parameters
· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB
· The number of repetitions for the TB reaches K
This contribution discusses on how to enhance the resource configuration for the UL grant free transmission (agreed by RAN1 such as time and frequency resources) to meet the requirements of the services using UL grant free access.
Segregation of Different Services over UL Grant Free Access
Different types of traffic may have diverse service requirements. For instance, the average target user plane packet latency for uRLLC is 0.5 msec, both in UL and DL [2]. But to support service reliability requirements, the tail probability should also be considered. For instance, for reliability, the tail probability of uRLLC packet delay distribution to be less than some value. Similarly, mMTC should support connection density of 1,000,000 device/km2 [2]. Also, the traffic level and packet lengths of these two types of traffic are different. 
To meet the delay constraint of the uRLLC packets, the grant free resources should be over provisioned for this type of traffic. Therefore, the gNB should have not only an estimate of the number of UEs contending to transmit uRLLC packets, but also a prior knowledge about the traffic to adjust the UL grant free resources, accordingly. Additionally, different types of traffic with diverse characteristics should not be mixed over the UL grant free channel. 
Recommendation 1: (FFS) The gNB should estimate the number of the UEs contending over the UL grant free channel. For example, the estimation mechanism can use the number of collisions and successful packets in a frame to estimate the number of contending UEs. (The gNB can use any preferred estimation mechanism.)
Recommendation 2: (FFS) The gNB should be able to configure the UL grant free resources semi-statically or dynamically (based on the estimated number of contending UEs - FFS). (FFS- gNB should be able to set the rate of reconfiguration of the UL grant free resources to allow static or dynamic reconfiguration.) 
Optimization of UL Grant Free Transmission Parameters to Achieve the Service Requirements
Obviously, the parameters of the UL grant free transmission impact the performance of the contention based traffic, e.g., uRLLC. To illustrate, let us consider the case where the gNB allocates “” and “” contiguous resources in the time domain and frequency domain, respectively, to the UL grant free transmission for uRLLC traffic. Also, let us assume that an NR frame has “” resources in the time domain (Figure 1). If the total number of resources of grant free pool are constant (i.e., let us assume that  is constant), it is intuitive that larger “” and therefore a smaller “” will result in a smaller average uRLLC packet latency. This can be easily shown as following:
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Figure 1 – An example of UL grant free parameters. (M & N are in time domain and L is in frequency domain.)
For simplicity, let us assume that due to the over provisioning, the chance of collision over the grant free channel is negligible. (This assumption here is only for the simplicity and a more accurate analysis should be performed in presence of packet collisions.) Assuming that a UE has generated a uRLLC packet in the current frame, let us assume that the random variable “” denotes the time that the uRLLC packet is generated. For simplicity, let us assume that “” is uniformly distributed across duration of a frame (between “” and “”), i.e.: 

When a uRLLC packet is generated, the UE randomly picks a grant free resource from a pool of grant free resources. Let us assume that the independent uniform random variables “” and “” represent the time index and the frequency index of the grant free resource picked for the uRLLC packet. “” is uniformly distributed between “” and “”, and the random variable “” depends on the random variable “”. 
If the uRLLC packet is generated between time “” and “” (in other words if:  ), then the UE has a chance to transmit the uRLLC packet in the grant free resources in the current frame. In this case, the UE generates random variable “” uniformly between “” and “”, and the uRLLC packet latency would be equal to “”. In other words:

where random variable “” denotes the uRLLC packet delay.
On the other hand, if the uRLLC packet is generated after time “” (in other words, if: ), then the packet must wait until the next grant free pool in the next frame. In this case, the random variable “” is uniformly distributed between “” and “”, and the uRLLC packet latency would be “”. In other words: 

Therefore, the average uRLLC packet latency would be:

With simple manipulations:




It can be shown that the second term in the above equation increases with larger values of “” which results in a lower average uRLLC latency. In other words, smaller “” (maybe a narrowband channel) and larger “” helps to reduce the latency of uRLLC packet. More discussions are needed to obtain the optimal parameters (i.e., resources, repetition parameter “”, etc) of the UL grant free transmission mechanism. 
Recommendation 3: (FFS) gNB can optimize the NR UL grant free transmission parameters (e.g., time and frequency resources, etc) to improve performance of the services. (FFS) Study should be performed to determine what parameter ranges are to be allowed.
Recommendation 4: (FFS) Priority information can be defined between the UEs or service types when accessing the UL grant free access resources.
1. Summary
This contribution discusses more on few aspects of the NR UL grant free transmission design to meet the requirements of the services on the grant free channel. The main proposals are summarized as follows:
Recommendation 1: (FFS) The gNB should estimate the number of the UEs contending over the UL grant free channel. For example, the estimation mechanism can use the number of collisions and successful packets in a frame to estimate the number of contending UEs. (The gNB can use any preferred estimation mechanism.)
Recommendation 2: (FFS) The gNB should be able to configure the UL grant free resources semi-statically or dynamically (based on the estimated number of contending UEs - FFS). (FFS- gNB should be able to set the rate of reconfiguration of the UL grant free resources to allow static or dynamic reconfiguration.) 
Recommendation 3: (FFS) gNB can optimize the NR UL grant free transmission parameters (e.g., time and frequency resources, etc) to improve performance of the services. (FFS) Study should be performed to determine what parameter ranges are to be allowed.
Recommendation 4: (FFS) Priority information can be defined between the UEs or service types when accessing the UL grant free access resources.
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