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It is often desirable to evaluate the system performance in different traffic load conditions, e.g., low, medium, and high load. Buffer occupancy (BO) defined in [1] is used as a system load indicator. In the DL traffic only case, BO of an eNB is defined to be the time fraction during which the eNB has data to transmit to at least one UE. BO of a network is defined to be the BO averaged over all eNBs. 
For the case of DL+UL traffic, two different types of BO definition were discussed during the RAN1#80 meeting:
· Type 1: BO is calculated by averaging the buffer occupancies over all LPNs an UEs/STAs with UL traffic 
  





 


· Type 2: Buffer occupancy of the i-th small cell (Wi-Fi & LAA) = sum of the period of time during which at  least one of the i-th small cell and UEs (belonging to the i-th small cell) has data to transmit including retransmissions (i.e., its queue is not empty) / total simulation time
Buffer occupancy is averaged over all small cells of the same operator

In this definition, the BO in the network for each operator can be defined as
  



In this contribution, we discuss which type of BO definition out of the two options defined above is a more appropriate system load indicator for the case of DL+UL traffic. We assume that a good BO definition satisfies the following conditions:  
· High BO should be able to indicate that the system is unstable or close to being unstable. The stability of a system can be measured by its cell efficiency (𝜌) [1] which is define to be the ratio between the mean served cell throughput to the mean offered cell throughput for a given file arrival rate:


If  is close to 1, the system can be regarded as being stable. Otherwise, it is understood that the system is heavily loaded, i.e., there exist UEs in outage.

· It is desirable to have consistent BOs between the cases of DL only traffic and DL+UL traffic. For instance, if about 60% BO represents a high load scenario in the DL only case, the same value of BO should also reflect similar load conditions in the DL+UL case.  

 			
Comparison of load definitions 
In this section, we analyze the two definitions of buffer occupancy discussed in the previous section of this contribution. We simulate the WiFi-WiFi case, where Operator 1 has UL and DL traffic, while operator 2 has DL only traffic. The rest of the simulation parameters are according to the evaluation methodology in [1]. 
We plot the two BO values and the cell efficiency (𝜌) as the offered load is varied in Figure 1. We compare the definitions of the load w.r.t. the cell efficiency and the Wi-Fi BO for the DL-only case of the second operator. 


Figure 1 Comparison of two definitions of BO for DL-UL w.r.t. to cell efficiency and Wi-Fi load 
As the load increases, the cell efficiency decreases below 1, at which point, the network start becoming unstable. According to the BO Type 2 definition, BO around 0.6 reasonably reflects a high load situation. Thus, the Type 2 definition better reflects the network load. It is observed that Type 1 BO underestimates the network load. 
Furthermore, Type 2 definition also closely matches the operator 2 DL only BO. It is a desirable property when the BO of the total DL+UL arrival rate matches that of a similar DL only arrival rate.   

Conclusion
In this contribution, we study two definitions of BO: Type 1 BO based on averaging over the UEs/eNBs and Type 2 BO based on the consideration that a cell is active if at least one UE has data to transmit or receive. We make the following observations and proposals.
Observations: 
· Type 2 BO well captures the network load, i.e., with high BO (e.g., 60%) the cell efficiency is apart from ‘1’.
· Type 2 BO for UL+DL matches that of DL BO with the same total traffic. 
· Type 1 BO underestimates the network load. 
Proposals: 
· The following BO definition defined in the TR [1] is used to be a system load indicator and is used to classify the simulation results for both DL only and DL+UL traffic cases. 
· Buffer occupancy of the i-th small cell (Wi-Fi & LAA) = sum of the period of time during which at least one of the i-th small cell and UEs (belonging to the i-th small cell) has data to transmit including retransmissions (i.e., its queue is not empty) / total simulation time.
· Average buffer occupancy: Buffer occupancy is averaged over all small cells of the same operator.
· In addition, for the case of DL+UL traffic, the following BOs defined in the TR [1] can be reported and considered as additional metrics:  
· For a UE, compute the fraction of the total simulation time that a UE buffer was not empty. An average over all UEs per operator should be reported. CDFs can be reported in addition.
· For an eNB, compute the fraction of the total simulation time that the eNB/AP buffer was not empty. An average over all eNBs/APs per operator should be reported. CDFs can be reported in addition.
· For an AP/eNB, compute the fraction of the total simulation time that any UE served by a cell had a packet in its buffer for transmission in the UL. An average over all APs/eNBs per operator should be reported. CDFs can be reported in addition.
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