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1 Introduction
In RAN#65, a new SI “Study on Licensed-Assisted Access using LTE” was approved. This feasibility study will evaluate LTE enhancements for a single global solution framework for licensed-assisted access (LAA) to unlicensed spectrum. As agreed in RAN#65 such a system operating in unlicensed spectrum should have as a key design target the utilization of spectrum fairly and effectively with respect to other users, including WiFi and other LTE-LAA networks. This contribution presents our views on the scenarios which could be considered and throughput-based metrics which could be used to evaluate fairness.
2 Scenarios for LAA evaluation

Although the  LAA SID considers carrier aggregation, in order to allow re-use of previous work, it is proposed that at least some of the scenarios considered are based on those used for studies on Small Cell Enhancement (SCE) (e.g. as described in TS 36.872). In this document we assume a focus on 5.2GHz for the deployment of LAA, and potential sharing of spectrum with WiFi at the same frequency. Further discussion would be needed for LAA at other frequencies. In any case, LAA is likely to have much wider bandwidths available (e.g. 160MHz or more) than have typically been considered so far for LTE. 
Considering the above points LAA scenarios could be based on SCE scenarios 2a, 2b and 3 from TS 36.872 and some appropriate adaptions could include:-

· Addition (or substitution) of a frequency layer at [5.X to 5.Y] GHz (for LAA and WiFi)

· Replacement of “macro” cell LTE coverage (e.g. at 2GHz) by “small” cell coverage (e.g. at 3.5GHz) and possible associated transmitter power reduction
· Ideal backhaul between the LTE coverage cell(s) and LAA cell(s), allowing carrier aggregation to be applied

· Addition of an “downlink-only” option for the LAA frequency layer
· Multiple carriers available in the LAA layer

Note: The exact frequency band (i.e. values of “X” and “Y” in [5.X to 5.Y] GHz) should be further discussed.
Since the focus of the SID is the operation of LAA within the LAA frequency layer, rather than the interaction with the LTE coverage layer, the highest priority should be given to cases based on SCE scenario 3 (i.e. indoors with no LTE macro cell coverage). 

Assumptions on synchronisation between co-existing LAA networks could be investigated. For example, is there a benefit if neighbouring eNBs are synchronised? Would it be desirable for networks belonging to different operators to be synchronised?  

More detailed proposals on the adaptation of SCE scenarios are given in annex.
3 Considerations on traffic models and metrics
The following traffic models are considered in TR 36.814, and this work can be re-used here:
	Traffic Models
	Model Applies to

	Full buffer
	DL and UL. 
Continuous traffic.

	Non-full buffer 

FTP models
	DL and UL. 
Bursty traffic.

	VoIP
	DL and UL
Real time services


SCE evaluations used FTP traffic model 1 (and related metrics) as the baseline, and this approach could be followed (with highest priority) for LAA studies.

The SID also mentions voice services and the following definitions from TR 36.814 could be re-used:- 

“For VoIP capacity evaluations, the following performance metrics need to be considered:

-
VoIP system capacity in form of the maximum number of satisfied users supported per cell in downlink and uplink. 

-
System capacity is defined as the number of users in the cell when more than [95%] of the users are satisfied. 
-
A VoIP user is in outage (not satisfied) if [98%] radio interface tail latency of the user is greater than [50 ms]. This assumes an end-to-end delay below [200 ms] for mobile-to-mobile communications.”
An appropriate model and metrics for video would need further investigation. This would depend, for example whether the focus should be on real time (e.g. video calls), or streaming. 
If a full buffer model is used then the following metrics from TR 36.814 could be re-used: 
· Mean user throughput

· Throughput CDF

· Median and 5% worst user throughput 

4 Modelling uplink and downlink traffic
In SCE evaluations uplink and downlink traffic have typically been modelled independently, although in practice traffic in one direction is often associated with traffic in the other direction (such as requests for web pages in the UL being followed by their delivery in the DL). Even with TDD this independence can be a reasonable assumption if the UL/DL configuration is fixed and synchronised across cells, and the associated control signalling (e.g. ACK/NACKs) is not a limiting factor. However, these assumptions may not be so reasonable in the LAA frequency layer, particularly if WiFi is present, since UL and DL may both contend for the same resources. However, at least for LAA we may be able to neglect the impact of ACK/NACK and other control signalling by assuming that it is carried on an LTE Pcell. For simplicity we could maintain the assumption of independent UL and DL traffic (as a baseline).  However, since performance and fairness issues may be different when both UL and DL are present, it may be worth defining a joint UL/DL traffic model. 
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Since one possibility for LAA is to be used for “DL only” in the unlicensed spectrum, and extending this to include “UL only” on LAA, as well as on WiFi, we could consider various different scenarios with respect to fair coexistence between WiFi and LAA, and also between different LAA networks. As an example, if we evaluate throughput for “System 1” on its own, then changes to throughput could be determined when “System 2” is added. The Table above indicates the different possibilities, with suggested candidates for higher priority highlighted in green. Cases with asymmetric UL and DL traffic loads could also be considered. Where both UL and DL are considered, the throughput in each direction could be considered independently and as a total throughput. Some initial results relating to this aspct are presented in a companion contribution [1].
A related issue is whether to model the traffic on the LAA layer independently from that on the LTE macro or small cell layer. This would simplify the simulation (and comparison/coexistence evaluation with WiFi) but preclude modelling offloading or multiplexing between layers. As a baseline we propose that LAA traffic is modelled independently from other layers, but this could be revisited e.g. for more detailed study of coexistence between different LTE-LAA networks.

As a further simplification, the baseline assumption could be not to mix traffic types in the same simulation.  
5 Conclusions

Based on the above discussion the following proposals are put forward:-
1. LAA scenarios could be based on SCE scenarios 2a, 2b and 3 from TS 36.872 and some appropriate adaptions could include:-

· Addition (or substitution) of a frequency layer at [5.X to 5.Y] GHz (for LAA and WiFi)

· Replacement of “macro” cell LTE coverage (e.g. at 2GHz) by “small” cell coverage (e.g. at 3.5GHz) and possible associated transmitter power reduction

· Ideal backhaul between the LTE coverage cell(s) and LAA cell(s), allowing carrier aggregation to be applied

· Addition of an “downlink-only” option for the LAA frequency layer

· Multiple carriers available in the LAA layer

The highest priority should be given to cases based on SCE scenario 3 (i.e. indoors with no LTE macro cell coverage). 

2. Traffic models and metrics could be based on those in TR 36.814 for:
· Full buffer

· FTP

· VoIP

Suitable models and metrics for video may need more discussion

3. UL and DL traffic should be assumed to be independent (as a baseline).  Consider defining a joint UL/DL traffic model (e.g. with asymmetric data rates in the UL and DL). 
4. High priority cases are identified for coexistence evaluation with respect to UL and DL traffic loading    

5. LAA traffic is modelled as independent from other layers of LTE (as a baseline). 

6. Different traffic types are not mixed in the same simulation (as a baseline).  
7. Benefits of synchronisation between co-existing LAA networks could be investigated. 

6 Reference

[1] R1-143838,  “Candidate functionalities towards the fairness design target in LAA”, Fujitsu
Appendix A
In the following some proposals are made on adaptation of SCE scenarios for LAA studies. When final selection of scenarios is made they could be re-numbered, but meanwhile the SCE numbering is retained. 

Scenario #2a

Possible definition of LAA scenario #2a is provided below.

· The LAA cells are deployed in the presence of an overlaid LTE macro or small cell network

· Separate frequency deployment of the LTE macro/small cell and LAA cell layers
· Only one carrier on the LTE macro/small cell layer

· One or more carriers on the LAA cell layer 
· Outdoor LAA cell deployment

· LAA cell clusters are considered
· the cluster size can be 1
· Ideal backhaul is considered for the following interfaces:

· between the LAA cells within the same cluster

· between a cluster of LAA cells and at least one LTE macro/small cell eNB
· Non-ideal backhaul is assumed for all other interfaces
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Figure A1: Small cell deployment scenario #2a (for reference)
Scenario #2b

Possible definition of LAA scenario #2b is provided below.

· The LAA cells are deployed in the presence of an overlaid LTE macro cell network

· Note: Small cell overlaid network is not considered because of high path loss to indoor UEs
· Separate frequency deployment of the LTE macro cell and LAA cell layers

· Only one carrier on the LTE macro cell layer

· One or more carriers on the LAA cell layer 
· Outdoor LAA cell deployment

· LAA cell clusters are considered

· Ideal backhaul is considered for the following interfaces:

· between the LAA cells within the same cluster

· between a cluster of LAA cells and at least one macro cell eNB
· the cluster size can be 1
· Non-ideal backhaul is assumed for all other interfaces
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Figure A2: Small cell deployment scenario #2b (for reference)
Scenario #3

Definition of LAA scenario #3 is provided below.

· Macro cell coverage is not present

· Indoor deployment scenario

· Small cell cluster is considered
· Cluster size can be 1

· LAA cells are co-located with the small cells
· Ideal backhaul is considered for small cells and LAA cells within the same cluster
FFS whether to explicitly model multiple floors in a building 
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Figure A3: Small cell deployment scenario #3 (for reference)
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