
3GPP TSG RAN WG1 Meeting #78bis

R1- 143752
Ljubljana, Slovenia, 6th – 10th October 2014
Source:
CATT
Title:
Deployment scenarios and evaluation methodologies for LAA
Agenda Item:
7.3.2.4
Document for:
Discussion/Decision
1. Introduction
In RAN#65 meeting, a new SI “Study on Licensed-Assisted Access using LTE” was approved. In the SID [1], one of the objectives is specified as below:
· Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power SCell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]

In this contribution, we mainly discuss the deployment scenarios and evaluation methodologies for LAA. 
2. Deployment scenarios
Unlicensed spectrum resource can be shared by multiple systems, and the performance of unlicensed carriers cannot match that of the licensed carriers. To guarantee mobility and system performance, unlicensed carriers shall be accompanied by licensed carriers by utilizing carrier aggregation framework. Furthermore, only operator deployed unlicensed carriers are considered in this SI. Due to the regulation requirements on maximum transmit power in unlicensed spectrum, the coverage of unlicensed carriers is expected to be smaller than that of the licensed carriers. Hence, most likely, unlicensed spectrum shall only be used in small cell deployments. Furthermore, unlicensed carriers can be deployed either indoor or outdoor. Therefore, assuming operator deployed small cells in unlicensed spectrum and the availability of underlying licensed macro carrier coverage, the small cell deployment scenario 2a/2b in the Rel-12 SCE WI can be reused as much as possible for the study of LAA.
In addition, both single-operator and multi-operator deployment should be considered in LAA deployment scenario. From each operator perspective, co-located and non-co-located eNBs with ideal backhaul between the eNBs of the licensed and unlicensed carriers should be included. For multi-operator deployments, multiple operators covering same geographic area using same unlicensed frequency should be considered.
Given the dimension of outdoor/indoor unlicensed small cell, single/multi-operator deployment, co-located /non-co-located licensed and unlicensed carriers, there could be up to 8 different scenarios. In order to reduce the number of scenarios without losing insights in the LAA SI, the following scenarios are proposed.

2.1. LAA scenario 1a
The LAA scenario 1a is for single-operator deployed outdoor LAA cells with non-co-located licensed and unlicensed carriers, with the following assumptions:
· The LAA cells are outdoor small cells

· The LAA cells are deployed in the presence of an overlaid macro cells using licensed spectrum

· The licensed macro cells are of carrier frequency f1 and the LAA cells are of carrier frequency f2

· LAA cell clusters are defined, e.g. similar to Rel-12 SCE scenario 2a
· Details on LAA cell cluster parameters need further discussion

· Ideal backhaul between an LAA cell and at least one macro cell
2.2. LAA scenario 1b
The LAA scenario 1b is for two-operator deployed outdoor LAA cells with non-co-located licensed and unlicensed carriers, with the following assumptions:

· For each operator, the LAA cells are outdoor small cells.

· For each operator, the LAA cells are deployed in the presence of an overlaid macro cells using licensed spectrum

· The licensed macro cells are of carrier frequencies f1 and f2 for operator 1 and 2 respectively. The LAA cells are of carrier frequency f3 for both operators. 

· LAA cell clusters are defined, e.g. similar to Rel-12 SCE scenario 2a

· Both operators’ LAA cells exist in each LAA cell cluster

· Details on LAA cell cluster parameters need further discussion

· For each operator, ideal backhaul between an LAA cell and at least one macro cell
2.3. LAA scenario 2a
The LAA scenario 2a is for single-operator deployed indoor LAA cells with co-located licensed and unlicensed carriers, with the following assumptions:

· The LAA cells are indoor small cells

· The LAA cells are deployed in the presence of an overlaid macro cells using licensed spectrum

· The licensed macro cells are of carrier frequency f1 and the LAA cells are of both carrier frequency f1 and f2

· For the licensed carrier frequency f1, cell range expansion is not assumed for LAA cells.
· LAA cell clusters are defined, e.g. similar to Rel-12 SCE scenario 2b
· Details on LAA cell cluster parameters need further discussion
· Non-ideal backhaul between any LAA cell and any macro cell
2.4. LAA scenario 2b
The LAA scenario 2b is for two-operator deployed indoor LAA cells with co-located licensed and unlicensed carriers, with the following assumptions:

· For each operator, the LAA cells are indoor small cells.

· For each operator, the LAA cells are deployed in the presence of an overlaid macro cells using licensed spectrum

· The licensed macro cells are of carrier frequencies f1 and f2 for operator 1 and 2, respectively. The LAA cells are of carrier frequencies f1+f3 and f2+f3 for operator 1 and 2, respectively.
· For each operator’s licensed carrier frequency, cell range expansion is not assumed for LAA cells.  

· LAA cell clusters are defined, e.g. similar to Rel-12 SCE scenario 2b

· Both operators’ LAA cells exist in each LAA cell cluster 

· Details on LAA cell cluster parameters need further discussion

· Non-ideal backhaul between any LAA cell and any macro cell 

3. Evaluation methodologies
In order to compare the performance between LAA and WiFi, there shall be reference scenarios for each of the LAA scenarios in section 2, as following

· For LAA scenario 1a

· Reference scenario 1a: Replace each LAA cell by a WiFi AP

· For LAA scenario 1b

· Reference scenario 1b-1: Replace each LAA cell by a WiFi AP for both operators

· Reference scenario 1b-2: Replace each LAA cell by a WiFi AP for operator 1

· Reference scenario 1b-3: Replace each LAA cell by a WiFi AP for both operators and the unlicensed carrier frequency is changed to f4 for operator 1

· Reference scenario 1b-4: Replace each LAA cell by a WiFi AP for operator 1 and the unlicensed carrier frequency is changed to f4 for operator 1 
· For LAA scenario 2a

· Reference scenario 2a: Replace each LAA cell by a WiFi AP

· For LAA scenario 2b

· Reference scenario 2b-1: Replace each LAA cell by a WiFi AP for both operators

· Reference scenario 2b-2: Replace each LAA cell by a WiFi AP for operator 1
· Reference scenario 2b-3: Replace each LAA cell by a WiFi AP for both operators and the unlicensed carrier frequency is changed to f4 for operator 1

· Reference scenario 2b-4: Replace each LAA cell by a WiFi AP for operator 1 and the unlicensed carrier frequency is changed to f4 for operator 1 
The basic evaluation methodology is to compare the performance of LAA and WiFi in the above LAA scenarios and reference scenarios. In addition, the performance impact between LAA and WiFi can also be derived. For example, by using reference scenario 1b-1 and 1b-2 (co-channel case) or by using reference scenarios 1b-3 and 1b-4 (adjacent channel case), we can derive whether LAA impacts WiFi more than an additional WiFi network on the same carrier as captured in the SID. 
Some simulation assumptions based on Rel-12 SCE scenarios 2a/2b can be reused. Discussion on other detailed simulation assumptions is certainly necessary, including:

· The regulatory requirements need to be translated into the corresponding simulation assumptions when evaluating LAA performance.

· Detailed simulation assumptions for WiFi need to be agreed when evaluating the reference scenarios
Some key difference between legacy LTE and Wi-Fi are listed as below:

Table 1: The key difference between legacy LTE and WiFi
	
	Legacy LTE
	WiFi

	Listen before talk
	No LBT mechanism
	CSMA/CA

	HARQ
	HARQ combining is used in retransmission
	1) No HARQ combining
2) Lower MCS level can be used in retransmission 

	Scheduling
	The channel is shared by multiple users at a time with frequency domain multiplexing 
	One user occupies the whole channel at a time

	Interference computation
	CRS interference exists in LTE when data is not being transmitted
	No interference for Wi-Fi when data is not being transmitted

	Channel occupation time
	The channel is occupied until it has no more data to transmit
	There is a maximum limitation in channel occupation time


4. Conclusion
In this contribution, the deployment scenarios and evaluation methodologies for LAA were discussed. We propose to define 4 LAA scenarios and 10 reference scenarios in order to compare the performance between LAA and WiFi, considering the scope and objective of the SID. Some of the simulation parameters in Rel-12 SCE scenario 2a/2b can be used. More detailed discussion on the simulation assumptions is needed.
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