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1 Introduction

The study item on small cell physical layer aspect has been approved in RAN #58 [1]. Relevant scenarios and requirements were discussed on RAN plenary level [2]. This document discusses detailed small cell evaluation assumptions and suggests relevant prioritizations among various options. We propose to focus on evaluations of both sparse and dense small cell deployments with dual carriers.
2 Discussion
In general, we propose to reuse Rel-11 CoMP and feICIC evaluation assumptions as much as possible since these assumptions are the result of extensive discussions, and the scenarios are basically very similar. In the following, we focus on additional simulation assumptions for Rel-12 small cell deployment scenarios that differ from  previous Rel-11 evaluations.
2.1 Dual carrier v.s. Co-Channel
Both dual carrier and co-channel deployment have been extensively discussed on RAN plenary level. The conclusion was to study both within scope of the study item. Regarding the prioritization for small cell evaluations, our opinion is that RAN1 should first evaluate the scenarios that have not been studied comprehensively in the past. In this sense, the small cell deployment scenario with dual carrier allocation should be evaluated first. 
A promising dual carrier allocation scheme is given by the combination of a backward compatible carrier type (BCT) as lower band carrier and new carrier type (NCT) as higher band carrier. In the previous discussions, the BCT was allocated at 2GHz. Hence, we propose to keep this assumption for future evaluations as well. However, depending on the operator's preference, a carrier frequency below 1GHz might be another candidate as well. For the higher band NCT operation we propose 3.5GHz.
The co-channel allocation is very similar to the Rel-11 CoMP and feICIC scenarios. We see therefore no urgent necessity to repeat CoMP and/or feICIC evaluations for Rel-12 during the initial stage of the system evaluation. However, in terms of the design and discussion on efficient discovery of small cells, co-channel deployments have to be taken into account from the beginning. 
We suggest therefore to conduct a two-phased evaluation:
· Dual carrier evaluation
· Backward compatible carrier: 2 GHz
· NCT carrier: 3.5 GHz
· Co-channel evaluation
· Focus on the identification of differences with Rel-11 CoMP or feICIC evaluations
2.2 Deployment type
Both dense and sparse small cell deployments are agreed as target scenarios for evaluations. Our understanding is that dense deployments are dominated by mutual small cell interference, and sparse small cell deployments are in contrast rather limited by noise and/or transmission power.
For dense deployment, we propose to locate small cells in a clustered manner where small cells are located within vicinity to each other. Hence, we create a small cell deployment in which the performance is basically limited by mutual small cell interference. Compared with creating a dense small cell deployment by uniformly distributing a large number of small cells, clustered positioning approach is more simulation efficiency friendly due to a significant reduction of small cells that have to be simulated. This “clustered” deployment would therefore be beneficial for first stage downlink throughput performance evaluations. Please note that dense deployments with uniform small cell distribution are still possible in reality and that these scenarios should therefore still be assumed for discovery signal design as well. We furthermore suggest that all UEs in this deployment are outdoor UEs. We think it is a valid assumption to mimic deployments at airport/shopping center area by this configuration as well, although it would be not perfectly aligned. 
Sparse deployment could be deployed in suburban area where the small cells are located only at hot spots within a macro cell coverage area. In such cases, indoor UE might experience rather noise than interference limited reception which is different from Rel-10/11 HetNet assumptions.
There are two types of the coordination, the coordination between macro and the small cells, and the coordination among small cells. The latter is especially interesting in case of dense small cell deployments.  Although SON is possible, it is still important to evaluate the performance of less tight coordination of resources allocation among small cells. For example, CSI-RS resource will not be orthogonal between interfering low power nodes (LPNs) if the number of these LPNs is larger than three.
We propose transmission power of 23dBm for LPNs, which corresponds to the UE transmission power. This could make LPN cheaper thanks to the economy of the scale gains.
Following evaluation parameter settings are suggested for dense (clustered) and sparse deployment:

· Dense deployment
Macro ISD = 500 m

10 small cells per macro cell

Clustered small cell placement within a certain area in a macro cell

UEs are located non-uniformly around small cells similar to configuration 4a/4b in TS36.814 Heterogensous simulation
Small cell Tx power = 23 dBm
· Sparse deployment
Macro ISD = 1732 m or 500m

4 and 10 small cells per macro cell 
Uniform small cell placement. No correlation to macro cell other than minimum distance as in TS36.819
Uniform UE placement.

Small cell Tx power = 23 dBm
2.3 Timing/frequency synchronization

For clustered deployment, there are two different types of synchronization. First is synchronization between macro and the small cells, and the second is the synchronization among small cells. For sparse deployment, if almost no interference among small cells, it needs only to discuss the synchronization between macro and the small cells.
Frequency synchronization could be achieved by Precision Time Protocol (PTP) or other means by the backhaul. Timing synchronization is more difficult in the packet based network if it is to rely on the backhaul. To have the frequency synchronization does not necessarily mean always have the timing synchronization. In case of ideal backhaul, there are more chance to achieve both timing and frequency synchronization. As discussed in [4][5], timing synchronization is not just yes or no topic. How much accuracy is obtained in the time is more important.
Depending on the availability of synchronization by backhaul and availability of the synchronization by air like macro reception, TV, satellite reception, both synchronization and non-synchronization cases needs to be evaluated. For initial stage evaluation, perfect synchronization may be assumed for at least calibration purpose.
2.4 Backhaul and Impairments modeling

The agreement of small cell scenario at RAN plenary level was both ideal and non-ideal backhaul should be evaluated.

The impairments difference from Rel-11 CoMP evaluations should be considered. One important aspect on impairment is that the site location and network configuration coordination for dense small cells. Due to more difficulty to optimize the site location or easy planning, small cells need to handle non optimized deployment. Also due to random addition/deletion of small cells to/from the network, it is difficult to optimize network configurations to keep CSI-RS/IMR orthogonal among LPNs. Performance under non-perfect muting should be carefully evaluated.

Other impairments such as channel estimation error on DMRS/CSI-RS can still follow the methodology in Rel-11 CoMP evaluation.

Therefore we propose:

· Backhaul modeling
· clustered small cells: both ideal and non-ideal
· Impairments modeling
· both dense and sparse LPN:
· Non-perfect muting among CSI-RS/IMR
· Non-perfect cell ID assignment
· Harsh interference due to random LPN dropping
2.5 Performance metric and traffic

In our understanding the following performance metric should be evaluated

· System throughput
· Average UE throughput
· 50% UE throughput
· 5% UE throughput
For traffic model we think non-full buffer traffic should be prioritized over full buffer traffic. Higher UE density and higher UE throughput requirements than Rel-11 may be evaluated since we are targeting an even future market. An example may be 50 UE per macro sector and 10 M bytes per UE request (for FTP model 2). We propose:
· Prioritize non-full buffer traffic evaluations
3 Conclusions
In this document we discuss small cell evaluation assumptions. We propose to reuse Rel-11 CoMP/FeICIC assumption as much as possible. This document highlighted the differences from Rel-11 assumptions.
We propose to focus on two deployment scenarios: clustered deployment and sparse deployment, respectively, with dual carriers. The former is interference-limited while the latter could be noise-limited environment. Detailed evaluation parameters are as follows.
Table 1 proposed evaluation assumption
	Parameter
	Values used for evaluation

	Performance metrics
	System throughput

Average UE throughput

50% UE throughput

5% UE throughput

	Deployment scenarios
	1. Dense deployemnt
Macro ISD = 500 m

10 small cells per macro cell

Clustered small cell placement within a certain area in a macro cell

UEs are located non-uniformly around small cells similar to configuration 4a/4b in TS36.814 Heterogensous simulation

2. Sparse deployment
Macro ISD = 1732 m or 500m
4/10 small cells per macro cell 
Uniform small cell placement. No correlation to macro cell

Uniform UE placement.

	Simulation case
	Deployment scenarios 1: 
UE dropping: 100% outdoor
Channel model:
Macro to UE: ITU-UMa 
LPN to UE: ITU-UMi
Deployment scenarios 2: 
UE dropping: 80% indoor, 20% outdoor

Channel model:
Macro to UE: ITU-UMa (penetration loss for indoor UE)
LPN to UE: ITU-UMi (penetration loss for indoor UE) 

	Tx power (Ptotal)
	Macro:

46/49dBm in a 10 MHz carrier
Small cells

23 dBm in a 10 MHz carrier

	Number of UEs per cell
	10/25/50

	System bandwidth
	10 MHz 

	Impairments modelling
	Non-perfect inter-small cells CSI-RS muting
Non-perfect cell ID assignment (neighbour small cells has the same module of three)

Non-perfect IMR setting

	Network synchronization
	Synchronized

	TP Antenna configuration
	Macro: 4/8 for FDD/TDD respectively
Outdoor small cells: 2
Prioritize X-pol antenna

	Number of antennas at UE
	2, X-pol

	eNB Antenna tilt
	For macro: 15 degrees
For small cells: 0 degrees

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Overhead is to be reported
Benchmark:
         Rel-11 Per-TP implicit feedback

	Channel estimation
	Non-ideal for both DMRS/CSI-RS

	UE receiver
	Mandatory: MMSE-IRC receiver 

Optional: MMSE receiver option 1 in R1-110586

	DL overhead assumption
	Should be clarified for each transmission scheme, taking into account CSI-RS and PDSCH muting overhead, as well as PDCCH overhead corresponding to scheduling

	Traffic model
	Full buffer 

Non-full buffer FTP model 1/2
Prioritize non-full buffer model

	Backhaul assumptions
	Deployment scenarios 1
Both ideal and non-ideal

Deployment scenario 2

Both ideal and non-ideal 
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