3GPP TSG RAN WG1 Meeting #80                          R1-150213
Athens, Greece, 9th – 13th February 2015
Agenda Item:
7.2.3.2
Source: 
LG Electronics

Title: 
Further considerations of evaluation methodologies of LAA
Document for:
Discussion and decision
1. Introduction

In RAN1 #79 meeting, there was a discussion on the evaluation methodologies of LAA and the following agreements and working assumptions were made [1][2]:
Agreements:
· Agree R1-145322 at least for DL only LAA coexistence evaluations
· FFS: DL+UL LAA coexistence evaluations
Agreements [3]:
· File throughput is calculated per file
· Unfinished files should be incorporated in the UPT calculation. 
· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).
· User throughput is the average of all its file throughputs
Working assumptions:

· A new metric, buffer occupancy is defined:

· Buffer occupancy of the i-th small cell/UE (Wi-Fi & LAA) = sum of the period of time during which the i-th small cell/UE has data to transmit including retransmissions (i.e., its queue is not empty) / total simulation time

· Average buffer occupancy: buffer occupancy averaged over the all small cells/UEs of the same operator

· The average buffer occupancy can be provided in addition to the offered traffic along with the simulation results.

· FFS: Whether and how to capture this metric in the TR

· Note: This is not a metric that will be used to make comparisons between different evaluations

In this contribution, we discuss modification of the above evaluation assumptions mainly considering LAA evaluation for both of DL and UL (DL-UL) transmission.
2. Discussion
2.1. Traffic model and UE allocation for DL-UL transmission
Considering further LAA evaluation for DL-UL transmission, currently agreed traffic model should be expanded to generate both of DL and UL traffic. One simple way is to set independent traffic modelling (i.e., independent Poisson distribution) for DL and UL per UE where the arrival rate for DL (λ) is determined via input parameters and the arrival rate for UL is derived by the ratio of DL and UL arrival rate (e.g., 2:1, 4:1) similarly to traffic modelling in [4].
· Option #1:
· Independent traffic modelling for DL and UL per UE with the ratio of DL and UL arrival rate. (e.g., N UEs for DL and UL traffic)
Or the following option can also be considered for more flexible evaluation such as different geometrical distribution between DL and UL traffic.
· Option #2:

· Divide UEs into DL UEs and UL UEs.
(e.g., N1 UEs for DL traffic only, N2 UEs for UL traffic only)
· Independent traffic modelling per UE with same arrival rate for DL and UL.
Even though both options may not be different so much in the aspects of evaluation complexity and expected results, Option #1 seems to reflect more realistic scenario. Therefore, in our perspectives, Option #1 is more preferable.
Proposal #1:
For LAA evaluation for DL-UL transmission, Option #1 is preferred for traffic modelling.
2.2. Load factor for DL-UL transmission
As described earlier, working assumptions for introducing a new load factor (i.e., buffer occupancy) were made to represent a traffic load and a congestion situation in unlicensed spectrum. Since buffer occupancy was defined in respect of transmission at a node (e.g., small cell, UE) it may be inappropriate for a load factor metric of UL transmission in perspective of a cell. As an example, assume that there are two UEs (UE1, UE2) served by eNB1 and each UE transmits UL data to eNB1 for 15% of total simulation time. Then, we consider following two cases:
· Case #1:
· UE1 and UE2 transmit data to eNB1 in the same time duration.
· Case #2:

· UE1 and UE2 transmit data to eNB1 in the different time duration.
Figure 1. An example of UL transmission
(a) Case #1
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(b) Case #2
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As shown in Figure 1, it is observed that 15% of UL resources are occupied in the Case #1 and 30% of UL resources are occupied in the Case #2 in the perspective of eNB1. However, if we estimate the load factor of eNB1 for UL transmission by the average buffer occupancy over UEs, we can find that the estimated load factor indicates 0.15 (i.e., 15%) for both of the cases, which is far from our observation.
Therefore, it would be more natural to take account of the period of time during which at least one of UEs has data to transmission including retransmissions for a load factor of UL transmission. And, by extension, we propose to modify the definition of buffer occupancy as below so that it can also be applicable for DL-UL transmission.
· Buffer occupancy (for DL-UL):
· Buffer occupancy of the i-th small cell/UE (Wi-Fi & LAA) = sum of the period of time during which at least one of the i-th small cell/UE 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 averaged over the all small cells/UEs of the same operator.
Note that the value of modified buffer occupancy indicates 0.15 and 0.3 in perspective of eNB1 for the Case #1 and the Case #2, respectively, in the previous example.
Proposal #2:
The definition of buffer occupancy should be modified considering DL-UL transmission.
2.3. Clarification on latency calculation
In addition to the above modifications on evaluation methodologies for DL-UL transmission, we provide clarification on latency calculation. In RAN1 #78bis meeting, it was agreed to consider latency as one of performance metrics for LAA evaluation and it was defined as [5]:
· Latency
· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)
For UPT calculation, there was a discussion on the handling of unfinished files and agreements were made to incorporate unfinished file [3]. On the other hand, it would be reasonable to exclude unfinished file for calculating latency since successful transmission of unfinished files does not exist within the simulation time.
Proposal #3:

Unfinished files should be excluded in latency calculation.
3. Conclusion
In this contribution, we have discussed the further considerations of evaluation methodologies of LAA and following proposals were made:
Proposal #1:
For LAA evaluation for DL-UL transmission, Option #1 is preferred for traffic modelling.
· Option #1:

· Independent traffic modelling for DL and UL per UE with the ratio of DL and UL arrival rate. (e.g., N UEs for DL and UL traffic)
· Option #2:

· Divide UEs into DL UEs and UL UEs.
(e.g., N1 UEs for DL traffic only, N2 UEs for UL traffic only)
· Independent traffic modelling per UE with same arrival rate for DL and UL.
Proposal #2:
The definition of buffer occupancy should be modified considering DL-UL transmission.

· Buffer occupancy (for DL-UL):
· Buffer occupancy of the i-th small cell/UE (Wi-Fi & LAA) = sum of the period of time during which at least one of the i-th small cell/UE 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 averaged over the all small cells/UEs of the same operator.
Proposal #3:

Unfinished files should be excluded in latency calculation.
4. Reference

[1] RAN1 Chairman’s Notes, RAN1#79.
[2] R1-145322, “Way Forward on LAA Evaluation Assumptions – Layout and Number of Carriers, Nodes and UEs”, Ericsson, Qualcomm.
[3] R1-145338, “Way Forward on LAA Evaluation Assumptions – UPT calculation”, Ericsson, Huawei, HiSilicon, LG Electronics, Samsung.
[4] 3GPP TR 36.828, “Further enhancements to LTE Time Division Duplex (TDD) for Downlink-Uplink (DL-UL) interference management and traffic adaptation”.
[5] RAN1 Chairman’s Notes, RAN1#78bis.
