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1
Introduction 

This contribution summarizes the email discussions on terminology, scenarios, and performance metrices for heterogeneous networks. 
2
Teminology, Scenarios and Performance Metrics for Heterogenous Networks
As suggested by Mr. Chairman, the agreed TP of last year (Oct 2008) shall be used as a starting point for email discussion, in particular,
· Section A.2.1.1.2  Heterogeneous deployments, including the following tables of interest:

· Table A.2.1.1.2-1: categorization of new nodes (definitions/differentiations)

· Note that pico  = Hotzone cell, femto cell = HeNB

· Table A.2.1.1.2-2: Baseline parameters (for RRH/Hotzones, femtos and relays)

· Table A.2.1.1.2-3/4: placing of UEs and new nodes in macro deployment

· Section A.2.1.1.4 Assumptions of Relay evaluations (on top of what is in section A.2.1.1.2 but specific for relays)

· Section A.2.1.3 Traffic models (Full buffer, bursty traffic and VoIP)

· Section A.2.1.4 Performance metrics
Proposal for Terminology (from Texas Instruments’ input):

· Hotzone cell (pico cell):  Typically planned deployments and open to all UEs

· HeNB (femto cell): Consumer deployed and CSG (Closed Subscribed Group).

The agreed TP shall be used to the maximum extent possible, with clarifications and introduction of additional information only if necessary. The following two topics are requested:
· Questions on clarifications of the current text in the TR

· Additional information not currently covered in the TR and that is necessary to carry on HetNet discussions
The email discussion can be categorized as follows:

· Prioritization of simulation scenarios

· Fast fading

· Performance metrics

· Clarification of current TR

· Other
2.1 Prioritization of Simulation Scenarios
	Companies
	Proposals

	Nokia Siemens Networks
	1. Macro+ HeNB corresponding to configuration 2 in Table A.2.1.1.2-4

2. Macro+ Pico corresponding to configuration 4 in Table A.2.1.1.2-3

Macro only simulation deploy exact same assumptions for each heterogeneous scenarios respectively, but without having low power node, i.e. same UE distribution and UE numbers for having a fair  comparison. 

As some comapies point out, there are the need to add some new scenarios, these scenarios are not so clear now. So for agreed Het-net scenarios, we agree with Juan’s suggestion which give outdoor hotspot and inddor HeNB priority.

	Qualcomm
	We agree with the prioritization of the macro + clustered HeNBs scenario. Regarding the macro + pico scenario, we probably should first evaluate configuration 1 with random dropping, which is much easier to evaluate. The performance metric will also be more robust since this model does not have as many assumptions (fraction of UEs in the hotspot, hotspot radius, etc). The hot-spot model  should also be evaluated once the parameter sensitivity is well understood.

	Huawei
	For application scenarios we would like to highlight our proposal:

· Capture in-door relay scenario based on RAN1 agreement.

· Add in-door pico scenario to fulfill indoor offices throughput requirement.

· Set pico maximum Tx power to be 24dBm, 30dBm and 37dBm to compare with type 1 relay.

To evaluate the performance of Het-net coverage, we propose
· For in-door relay, modify the RAN4 femto channel model for access link, whether to modify the backhauling channel model depends on placement of donor module.

· Modify the RAN4 femto channel model for in-door pico scenario. I understand there is no in-door pico in LTE-A, that’s why we propose to further evaluate this deployment to satisfy the heavy traffic loading for indoor offices scenarios like large open offices in high/low buildings, large warehouses, and etc. Because in such scenario, it’s difficult to use relay station to satisfy the heavy traffic loading due to the backhauling link constraints. Femto has the same issue due to the constraints in backhaul link which mainly aims at DSL-alike connections.
· Reuse the out-door relay access channel model for out-door pico scenario. It may lead the unfair comparison of pico (if NLOS model is used) and relay due to the inconsistent channel model. In out-door scenario, pico and relay have similar parameters like antenna height and should have the same channel model. If the different channel models are used, then it’s not clear for us whether the difference of simulation results coming from technical or different channel models when we evaluate pico and relay. To make channel model consistent, so we propose out-door pico to reuse the channel model of relay access link for progress
We fully understand that time is limited for het-net SI, however we believe the right way to capture a technical is to firstly figure out what exact scenarios this technical maybe applied rather than rush to technical solution evaluation irrespective the realistic demand.

As we know, the het-net technical is created to fulfill the various throughputs or coverage requirements within the same zone, the scenarios which low power nodes may be deployed definitely should be defined by operators demand. Irrespective the various demand from realistic scenarios, the het-net application may be limited even the technical solution could be created.

We also suggest putting scenarios discussion on the top priority of het-net like CMCC,Ericsson,CATT and Motorola have proposed. Fortunately, we could also achieve some consensus on channel models alignment.

For in-door pico deployment, we think it should be deployed or at least planed by operators to cover large open offices, large warehouses, and etc.

	CMCC
	Thanks for the discussion on Hetnet.  From the network operating point of view, the Hetnet scenarios are very important, especially when we start the application of LTE/LTE-A from the hotspot or indoor application where the large traffic load is demanded. In such scenarios, different operators may have different deployment strategy depending on its own spectrum and backhaul resource situation. If the operator has enough backhaul resource for indoor application, it may choose Pico+Macro.   Otherwise, Macro+Relay may be a solution.   

So can we identify some typical scenarios for Hetnet but not mix them in one? I guess the motivation of Hetnet study is to identify the problem for such deployment and find a solution, but not to compare the performance of femto or Pico or relay application in indoor or some other scenarios. 

Channel model is important for aligning the results from different scenarios. According to the Chairman’s minutes from RAN1#58bis, the channel model alignement work is still open (though lower priority). And I do see some requirement from multiple contributions to align the model from different scenario.

I think Huawei’s proposal on the Channel model make sense for us though we could have a consistent model at much as possible.

	Ericsson
	we should first discuss the prioritisation of the scenarios and then discuss updates/clarifications of the simulation assumptions.
We agree with Huawei that an indoor pico scenario would be of interest to study in addition to RRH/hotzone and femto

	CATT
	I agree with Ericsson that priority should be given to the current scenarios. Firstly, and also more clarifications of scenarios are also needed, e.g. Hotzone and all FFS parts as NSN mentioned. From RAN4’s information, Pico definition includes various cases, such as indoor office, indoor hotspot,outdoor hotsport and dense blocks. The current 36.814 seems not clarifyin g it quite clear, that would confuse ppl.  Through discussion, we may find a way to make this more clear and see which are typical scenarios ppl concern and are going to simulate. 

	Motorola
	We have the same view that we should first discuss scenario prioritization and then discuss updates/clarifications of the simulation assumptions.  Preferably all in this meeting so companies can simulate by January’s meeting.

	Kyocera
	We agree with the scenario proposal that gives outdoor hotspot (RRH/hotzone) cell and indoor HeNB priority.

Since these scenarios are defined in current TR, we think that at least they are important and typical scenarios for many companies.

Issues in relay scenarios could be discussed in the relay session.

	TI
	For the application scenarios during system simulation, we would like to consider the following scenarios:

· Hotzone cell: Can be deployed either indoors or outdoors and open to all UEs.

· HeNB: Consumer deployed indoors and CSG.

We agree with NSN and Qualcomm on giving priority to Macro + clustered HeNB configuration (employing CSG) and Macro + hotzone cells (open to all UEs) scenario. We anticipate that since HeNBs will likely be end-consumer deployed without prior network planning, interference management will be more crucial in HeNB deployments relative to hotzone deployments

	NTT DOCOMO
	We agree that Outdoor Hotspot cells and Indoor HeNB clusters should be investigated (and other models if needed).

 As we described in our contribution (R1-094916), we'd like to give the highest priority to Indoor HeNB clusters. This is because it must be avoided that HeNBs create dead spots in a macro cell from our viewpoint.


Proposal on high priority scenarios:

, 

1. Indoor HeNB clusters (as in the current TR)
· Details on apartment cluster are discussed later, in summary:
· Femto cell with 5x5 grid or dual-strip apartment blocks

· Single cluster per cell

· Non-uniform MUE drop in the femto clusters
2. Outdoor Hotzone cells (as in the current TR) with configuration #1 and #4
3. Indoor Hotzone scenario
· RAN4 femto or pico models could be used
4. Other scenarios can be studied with lower priority
2.2  Fast Fading

	Companies
	Proposals

	Motorola
	Without such a fast fading model the benefits and impacts of such important features as frequency selective scheduling (FSS), precoding, and the impact of various proposed interference coordination and mitigation techniques may not be accurately accounted for.  Hence, performance estimates without a fast fading frequency selective interference model may lead to erroneous conclusions in RAN1 since we take away the frequency and spatial dimensions that could be otherwise exploited for more intelligent interference mitigation.   
We would like to propose using TU, SCM/SCM-e, and/or ITU fading models when appropriate in the Relay, HeNB, Femto, RRH/Hotzone heterogeneous network/system simulations to model frequency selective and also spatially selective fast fading channels.
Regarding simulation assumptions we see that many companies are already using fast fading in their hetnet simulations so it would be good that we come to an agreement during this meeting on the fast fading model(s) to be used (SCM/ITU/TU).  Especially to allow alignment of simulation results by the January meeting.
We typically run with TU for our HetNet simulations but sometimes use ITU (or SCM) if we want to verify results using beamforming or SU-MIMO (e.g.).  We would be OK adopting TU as baseline and companies that prefer to use ITU/SCM can of course still do so.

	Qualcomm
	One additional consideration on the fast fading model is the implication on run time. In the Het-net studies, the number of channels that need to be modeled is often orders of magnitude higher than the macro only simulations (57 cells x 570 UEs compared to 600+ nodes x 1400+ UEs).

This practical limitation makes simulations without fast fading much more attractive if it captures the first order approximation of HetNet performance.

If fast fading has to be modeled for spatial techniques, TU model is much faster compared to other ray-tracing based models (SCM, ITU). 

Hence, we suggest to either capture fast fading in PHY abstraction or to use TU-based fast fading model for Het-net evaluation.

	CATT
	I am wondering if it is appropriate to have TU model for fast fading modelling. By now, it is not applied for any SI in R-10 as I know. If we consider 36.814 as baseline, fast fading modelling should also follow its fast fading model definition, i.e. spatial channel is presented. I agree with you (Qualcomm) that we need to consider fast fading simulatio n run time. But for VoIP – 800 users per cell, we still can run SCM for 800*57. I don’t think that would be a convincing reason to apply TU channel.
TU model is a tested model for narrow band system in typical urban scenarios with BS antenna over the rooftop. First，I don't think it is applicable for LTE system over 10MHz. Second, for the link of HeNB to Indoor UE, and HeNB to outdoor UE, I don't think it's a typical urban scenarios? Third, I don't see any simulation results in R8 25.814 and R10 36.912 for LTE and LTE-A is not based on some kind of spatial channel model. 

The reason why TU model with correlation matrix is applied in RAN4 is considering the test channel instruments realization. So, I think at least some kind of spatial channel model is the baseline for all the RAN1 SI.

 By the way, if we apply 3GPP-SCM(well used in R8, much simple than ITU )for Macro and Hotzone, and only apply ITU-Indoor(much simple than other ITU channel) for Indoor(usually only one UE is active in one HeNB), I think the simulation run time will not be so long.
I can agree that there is no sigle model applicable for all the scenario, especially this new Het-net scenario. 
But looking into all the RAN1 input and output document, we can easily find one 'golden' channel model is SCM/SCM-E（small difference in mid-path).
More than 80% of simulation results were based on this model. 
So, we can not see any difficult to apply this model for outdoor in Het-net.
 

Talking about the indoor scenario, yes, ITU-Indoor channel model is based on indoor hotspot（B3 in WinnerII） with 3-6m BS antenna, which not fully matching the femto of 1.5m（A1 in WinnerII）, But looking into the detail parameters and characters, the two are most similar. 
Any way，ITU-Indoor is better than TU for Indoor. 
 

It's a good idea to allow multiple fast fading models, and it's also good to encourage vendors to evaluation with more than one models.
But we need a model as baseline for consensus between different companies. Otherwise there will be no conclusion if have simulation results diversity. 


	Huawei
	We agree with CATT that to inherit the ITU fast fading like other SIs since it would be an easier way to achieve consensus. Furthermore the fixed relay may facilitate application of spatial technicals as beamforming and SDMA.
We think it's nature to reuse the ITU fast fading as other SIs have done to capture full spatial character, then we may verify some spatial technicals like beamforming or SDMA. And we also recognize that the het-net simulation including fast fading could be time consumer due to additional cells created by low power nodes. 

Considering that, we propose to save time through changing other simulation parameters like reducing the number of macro cells in system simulation from 57 to 21, and only drop limited number of low power nodes in certain number macro cells which could be randomly selected. Then the simulation time could be reduced dramatically. 

The purpose of consistent channel model is not only to provide as large as possible freedom to operators when select het-net solutions but also try to make LTE-A consistent and more important reasonable. E.g. considering the same site location A, it's really strange that the channel model is totally changed because wire backhauling is available or not.

Furthmore what we propose on channel model is to reuse the agreed RAN1 and RAN4 channel models to adding scenarios, this only cause little time for modification.

	Nokia Siemens Networks
	For fast fading in Het-net, we prefer no fast fading. if needed, we prefer TU model for saving simulation time.  

	CMCC
	About the channel model for Indoor scenario, I fully agree with CATT. TU is a typical urban scenario, the conclusion based on TU model for indoor scenario is not confident to convince the people who are interested in such application. If we find a solution for TU scenario but apply it to indoor scenario, it will be very strange. 

About the concern on the simulation time, I don’t think it is a problem since we have limited users and links in the system level simulation, which is quite less than that for VoIP simulation.

  So a good way forward could be “ we set a baseline channel model as SCM/SCME for outdoor scenarios, and ITU IMT-Advanced indoor channel model for indoor scenarios. Then we can start to calibrate the results from different companies. The other simulation results based on different assumptions can be regarded as an additional reference for diversity.

	Elektrobit
	Simplifying of geometry-based stochastic channel models (IMT-Advanced, WINNER, SCM, SCME) is possible and the methods proposed to RAN4 in March 2009 are straightforward (R4-091103). If there is a certain need to simplify for some specific simulation, I would suggest IMT-Advanced CDL models instead of TU, because the large scale parameters of CDL are expectation values of the generic model. Similarly, CDL models of WINNER and SCME are based on the generic models. (However, tapped delay line model of SCM is different.) 

 CDL models were simplified from the original generic models by removing the large scale and small scale parameter randomness. CDL model covers fixed delays and spatial parameters such as AoA, AoD, XPR. The implementation of these models can be done via sum-of-sinusoid method or via the correlation matrix based method.

However, I would suggest using the original generic (multi-drop) model whenever it is possible, because the simplification affects simulation results.


Proposal on allowed fast fading modelling options:

· No fast fading as in current TR

· Fast fading with TU and fixed correlation matrix

· Fast fading with ITU/SCM models or possible simplifications (ref. R4-091103) could also be used (detailed proposals to be discussed, e.g., relevant propagation model to use with these)
2.3
Performance metrics

	Companies
	Proposals

	Nokia Siemens Networks
	· Average macro cell area sepctral efficiency*

· Throughput CDF (incl individual cdf for macro UEs and UEs connected to small nodes)

· Percentage of average cell throughput carried by lower power eNBs as compared to the total throughput.

· Per user outage (defined as 95% coverage) spectral efficiency*

* The spectral efficiency shall be calculated as the throughput divided by the total available system bandwidth.

	CATT
	Regarding system performance metrics, before any details, we need to consider what Het-Net would benefit from our designs. So, a number of basic principles of performance metrics definition should be discussed firstly. If they are aligned with current metrics' target, we can follow them; if not, we need to have specific ones for Het-Net. 

The principles we suggest are:

· Methods presenting the performance enhancement of heterogonous network compared with traditional homogenous network.

· With introduction of heterogonous network, performance of macro cell will not be degraded much. So correspondingly the performance metrics of homogenous network may also be needed.

·  Different performance metrics corresponds to different scenarios. For example, performance metrics for femto and pico need to be different.

· Different performance metrics corresponds to different channels. For example, performance of metrics for control channel and traffic channel need to be different.

	Motorola
	- ratios between UE1 t-puts and UE2 t-puts.  This could be defined as: UE1 avg t-put / UE2 avg t-put, and UE1 5%-ile t-put / UE2 5%-ile t-put.  When these two numbers are far away from 1.0, there is a fairness issue (i.e. either UE1s are too good or UE2s are too good), and the UE1/UE2 percentages should be altered for better fairness and throughput performance.  For example, if UE2 t-puts are about 3 times better than UE1 t-puts, the low power nodes should serve more UEs.  That is, effort should be made to make the ratios closer to 1.0 to fully utilize system resources.

- Of course as long as we report t-put results separately for UE1s and UE2s, the ratios can be obtained. 

- Of course the ratios may not be relevant if CSG is involved.

- In the case of in-band backhaul, the ratio between the backhaul t-put and UE2 t-put should also be close to 1.0.
To clarify the terminology regarding UE1 and UE2 – UE1 are UEs served by the macro, and UE2 are UEs served by the HeNBs. 

	TI
	For heterogeneous network studies, we suggest the following performance metrics:

a. Throughput CDFs for macro users and HeNB/hotzone nodefemto users. This will enable comparison of different interference control schemes with heterogeneous deployments.

b. As suggested by NSN, we agree with their choice of the metric “Average Macro cell Area Spectral Efficiency”.

c. Percentage of throughputs carried by heterogeneous nodes relative to the overall cell throughput. 

As a reference evaluation, a baseline case consisting of a homogeneous macrocell-only deployment should also be presented with the same UE dropping distribution (to enable fair comparison).


Proposal on performance metrics:

· Existing full buffer and bursty traffic performance metrics
· Macro cell area throughput

· Fraction of throughput over low power nodes

· Macro and low power node serving UE throughput ratio
2.4 Clarification of Current TR
Table A.2.1.1.2-2, nodes per macro-cell, the number of femto cells in each cluster is FFS

	Companies
	Proposals

	Nokia Siemens Networks
	We suggest giving priority to modeling the Femto clusters according to the so-called dual-strip model as used in RAN WG4. Thus, assuming single floor model, each Femto cluster have up to 40 HeNBs. For the sake of simplicity, we suggest to simulate one dula-strip cluster per macro cell area as the default, although simulations with multiple clusters should also be allowed.

	Qualcomm
	We agree that the dense urban scenario should be prioritized in the femto evaluation. Note that RAN4 recommended both 5x5 single floor model and dual-strip multiple floor model with a random number of floors (1 to 10). The  5x5 model is the easiest to implement and it mimics a multi-floor model in terms of the interference scenario.  In the single floor 5x5 model, there are 4 immediate neighbors for each center apartment. In a multi-floor dual-strip model, most middle floor apartments have 5 immediate neighbors and 12 diagonal neighbors. In a single-floor dual-strip model, the number of immediate neighbors is <= 3 and the number of diagonal neighbors are <= 2. In our opinion, the 5x5 model is suitable for initial evaluation and the dual-strip single-floor model might be overly optimistic. If desired, we recommend simulate the multi-floor model, which is more complex but also somewhat more realistic.

We agree with the proposal of simulating a single cluster per macro cell area to reduce the complexity. There is an impact on macro UE performance if this assumption is made without other appropriate assumptions. In a practical dense urban deployment, there are multiple clusters in a cell and the probability of a macro UE would being inside one of the clusters increases with the cluster density. If we use a single cluster to emulate the effect of multiple clusters, we would suggest use a non-uniform macro UEs drop with some fixed fraction of macro UEs inside the femto cluster. 

	CATT
	We agree the suggestion of using a non-uniform macro UEs drop with some fixed fraction of macro UEs inside the femto cluster. In dense urban scenario, there is high possiblity that 80% active users allocate indoor. But considering practical scenario, there may not be Femto in all buildings in one macro cell. Also once if there is femto in one building, the active users in this building mostly could be assumed members in CSG (such as at home and office). So assuming, e.g. 50% building having Femto, 30% users in Femto area needing marco serving, there is only 12% MUE needed to emulate the effect actually to me. What do you think about the number of fixed fraction at the moment?

We also agree that we need typical scenarios, such as Macro+cluster HeNBs, Macro+pico (indoor) scenario. Meanwhile, we need to keep in mind some practicable issues in our later research, e.g. dynamic simulation complexity in RAN1, that is quite different from RAN4's static simulation. Considering that, we suggest using 20 HeNBs in each Femto cluster, 10 users each cell, 1 user each femto (total cells:1197, total users: 1710). Furthermore, due to real deployment, we can have larger distance between pico and Macro, say >=100. The drops of pico cells and users can be also limited for simulation simplicity: 10 users per Macro, 10 users per Pico, <=5 pico cells per Macro (total cells: 392, total users: 3420). 

Actually, even though, the number of users and cells look still quite challenging to dynamic simulation.

	TI
	HeNBs: We suggest simulating two scenarios during studies on HeNBs in heterogeneous networks:

Scenario A [Suburban]: For reduced implementation complexity and obtaining clean performance insights on modeling and analyzing interference control schemes, a single HeNB cluster per macrocell is simulated (as shown in  Fig.1, R1-093919). This cluster can contain a fixed number (a perfect square with up to 16) of HeNB nodes. Performance of interference control schemes should be modeled for various locations of the HeNB cluster inside the overlaying macrocell. 

Scenario B [Dense Urban]: We suggest employing a single-floor dual-stripe model as recommended in Section 4.2.1 in R4-092042. If necessary, this model may include an “activation factor” which will randomly pick a subset of the HeNBs in the dual stripe configuration to be actively transmitting.

We believe that Scenario B effectively models a high interference scenario and more complicated models (e.g. multi-floor models) can result in significantly higher implementation complexity. 


Proposal:

· Femto cell with 5x5 grid or dual-strip apartment blocks
· Single cluster per cell

· Non-uniform MUE drop in the femto clusters
Table A.2.1.1.2-2 Minimum distance among new nodes, FFS.

	Companies
	Proposals

	Nokia Siemens Networks
	We suggest [40] meters for hotzone nodes. For the femto cases, the femto clusters shall be non-overlapping. The distance between Femtocells within clusters is given by the RAN WG4 dense urban dual-strip model. We furthermore propose that small nodes are placed at least 35 meters from the macro cells.


Proposal:

· 40 meter cluster radius
· 35 meter minimum distance between new nodes and macro cells.
Nodes per macro-cell for configurations 2, 3, and 4 of Table A.2.1.1.2-3
There is one comment in Table A.2.1.1.2-3 saying “New node density is proportional to the UE density in each macro cell.”. How to interpret the parameter “Nodes per macro-cell” in Table A.2.1.1.2-2 for configurations 2, 3, and 4 of Table A.2.1.1.2-3? 
	Companies
	Proposals

	Ericsson
	In the current text of TR 36.814, relating to HetNet, the correlation between traffic hotspots and hotspot cells is not that clear from a system view. This type of correlations will very much influence the outcomes of the HetNet simulations and therefore need to be properly captured. In general, the correlation between traffic hotspots and hotspot cells would preferably be large in the system. We are not sure that distributing number of users randomly ([10-100]) within the macro cells will capture this in the best way. In R1-094446 we propose to (also/instead) consider a fixed (averaged) number of users per macro cell, such that the number of users in the system is constant. For example, if the number of hotspot cells within the macro cell is 10 (1,2, 4 or 10) and the number of users in the macro cell is also 10 ([10-100]), the correlation between traffic hotspots and hotspot cells wouldn't then be that large. We therefore see a need to clearly define how large part of the traffic that should be located within traffic clusters, and keeping the number of users constant within the macro cells would make this more predictable.

	Kyocera
	(Quote from Ericsson’s proposal) “In R1-094446 we propose to (also/instead) consider a fixed (averaged) number of users per macro cell, such that the number of users in the system is constant.”

We agree the above proposal also because of simulation convergence and simplicity. Our methodology in R1-093855 seems to be similar to your simulation methodology described in R1-094446. In our evaluation we set the averaged number of users per macro cell to 25. However, the number may need to be discussed because there were very few macro cells where more than 50 users exist.

	Kyocera
	For configurations 2, 3, and 4 of Table A2.1.1.2-3, new node density across macro-cells is non-uniform. The parameter “Nodes per macro-cell” in Table A.2.1.1.2-2 means “Average number of nodes per macro-cell” in the configurations 2, 3, and 4 of Table A.2.1.1.2-3 and new node density is proportional to the UE density in each macro cell "geographic area".

	Nokia Siemens Networks
	For the configuration2, 3 and 4 in table A.2.1.1.2-3, total users are randomly chosen from 10 to100. Then drop users for macro cell first, if users is less than 25 then all users are treated as macro users and dropped over macro area, if such user though has a better signal to one of the pico cells this user is then served by the pico cell. If total users are more than 25, 25 users are dropped in macro area first, and then other users are dropped in pico area. So number of UEs and pico nodes are proportional.

	TI
	Hotzone Cells

With hotzone cells, we prefer evaluating both random and clustered UE deployments (corresponding to Configurations 1 and 4 in Table A.2.1.1.2-3). To enable a fair comparison with macro-only deployments, we recommend that the same UE distribution (uniform with a given mean) be chosen for both macro-only (without any low power node) and macro + hotzone node deployments.

	CATT
	We also agree that we need typical scenarios, such as Macro+cluster HeNBs, Macro+pico (indoor) scenario. Meanwhile, we need to keep in mind some practicable issues in our later research, e.g. dynamic simulation complexity in RAN1, that is quite different from RAN4's static simulation. Considering that, we suggest using 20 HeNBs in each Femto cluster, 10 users each cell, 1 user each femto (total cells:1197, total users: 1710). Furthermore, due to real deployment, we can have larger distance between pico and Macro, say >=100. The drops of pico cells and users can be also limited for simulation simplicity: 10 users per Macro, 10 users per Pico, <=5 pico cells per Macro (total cells: 392, total users: 3420). 


Proposal on allowed UE drop models for the RRH/Hotzone scenario:

· Current TR specifies random UE density

· Randomly 10-100 UEs are dropped per cell

· UEs other than the first 25 are dropped into pico clusters

· Simplified drop model with constant number of UEs per cell
Table A.2.1.1.2-2. Heterogeneous system simulation baseline parameters (Hotzone cell power)
	Companies
	Proposals

	Huawei
	We also propose to introduce the 37dBm max Tx power for pico, as well as the current RAN4 24dBm for 10MHz carrier to further exploit possible gain. Then we have three options on pico max Tx power as 24dBm, 30dBm and 37dBm for operators selection. 


Proposal:

2.5 Tx power for Hotzone cells: 30 dBm (already in TR), 24 dBm, 37 dBm (all values for 10MHz bandwidth)Others 
Channel Models and Pico vs. Relaying
	Companies
	Proposals

	Nokia Siemens Networks
	For Hetnet scenarios, our thinking the performance comparison is between pure macro and macro+new low power nodes. We don’t think comparing the pico and relay is reasonable. There are the backhaul limitation and time-frequency resource limitation for relay. So comparing performance between pico and relay is unfair.
Het-net related content in TR36.814 are already agreed, but perhaps there are some different understanding of current text description, clarification and consensus can be reached through the discussion, and also FFS should be fixed in the TR. So every interest company can start simulation work under the same simulation assumption.

	Qualcomm
	We agree with NSN that the main goal of the performance valuation methodology is not for comparing different techniques but rather comparing different techniques in the same category. 

We also agree with Huawei and CMCC that ideally it would be nice to have a unified channel models for all performance evaluation. However, we perceive potentially negative consequences to embark on this work:

Given the diverse deployment scenarios and techniques, it would be quite difficult to agree on a model in a timely manner.

If significant amount of meeting time is used to discuss various channel models, we are at the risk of not having enough time to do any actual design of het-net techniques.

In our opinion, current evaluation methodology captures the generic scenarios for het-net deployments consistent with 3GPP case 1 and case 3 assumptions. We suggest use current evaluation methodology for pico and femto scenarios as is with a few additional details added (such as the UE drop model, RAN4 femto model, maybe a simple fast fading model etc.).  

We would like to reiterate that Qualcomm firmly believes in having a diverse set of channel models for performance evaluation [R4-094893]. Simulations with different models would be very helpful to verify the robustness of schemes under different assumptions. Given that we have only 3 more meetings left for study item, we think the current model (which has been agreed and used by the group for 1yr) is a good starting point for initial performance evaluation.

	Huawei
	We consider the evaluation purpose of het-net as not only to find whether and how much gain het-net could achieved by overlaid placement of low power nodes with macro eNB but also the performance difference between various combination of macro and low power nodes. Both information could enable operators to find whether and which kind of het-net deployment should be applied by taking cost and performance into account.

 We agree that it's somewhat unfair to ONLY compare the performance gain of pico and relay. However, it should be done to give the operators the performance difference of pico and relay, and which node is applied should then be decided by operators after considering wire backhauling cost as well. For that purpose, it's reasonable to define a consistent channel model for both relay and pico in similar application scenarios.

we'd like to give our views on Het-net scenarios and corresponding solutions as follows for further discussion:
For out-door scenario
option1: macro+pico

option2: macro+relay

 For in-door scenario

option1: macro+pico

option2: macro+relay

option3: macro+femto

 And we may list one suggestion as follows to see whether it could be agreed before performance metric discussion.

 Channel model in same scenario should be consistent among different options for performance comparison.
We agree with CMCC to align the channel models for various het-net applications as we proposed. The performance difference could lead operators to find individual appropriate solution from various combinations of macro and low power nodes, to provide such performance difference, consistent channel model is necessary. However, considering the limited time, current channel models in RAN1 and RAN4 should be reused to speedup the progress until any inappropriation is found.

 
For the channel models proposed by CMCC, we may need to distinguish the in-door and out-door placements as follows:
 
Case

Path loss model

D1, ISD=500m

3GPP 36.814 v1.4.1 
Macro-UE model in Relay model

D3, ISD=1732m

3GPP 36.814 v1.4.1 
Macro-UE model in Relay model
RRH/Hotzone (out-door)

3GPP 36.814 v1.4.1 
Relay-UE model in Relay model
RRH/Hotzone (in-door)

R4-092042 (RAN4 model)

HeNBs/Femto

R4-092042 (RAN4 model)
Relay(out-door)

3GPP 36.814 v1.4.1 Relay model
Relay(in-door)

FFS
 
We add the in-door pico placement and reuse the femto channel model decided by RAN4. Maybe this case cannot be called Hotzone when in-door pico is deployed.
 For in-door relay scenario, we think at least the access link channel model should reuse R4-092042 like in-door pico, for backhauling link it's FFS for us.
If I understand correctly the reason we increase the Tx power of relay to 37dbm is to increase the relay access coverage in rural scenario not designed for wireless backhauling link. And In that case the pico with 37dBm also could be deployed to fulfill the coverage requirement if wire backhauling is available for operators. So I see no reason to define a pico with lower transmission power than relay.
I think the site location for deploying pico and relay depends on many factors like availability of wire backhauling, cable rent and  so on. Seems it's not the decision could made by manufacturers. We do not preclude 24dBm pico in our proposal, we propose to have three kinds of Tx power pico as 24dBm, 30dBm and 37dBm, so it just provides larger freedom to operators.
 If the site allocated within the eNB coverage. we do not think the different geographical distances from eNB could create different channel models which should be decided by wireless environment like urban or rural.
To compare with type 1 relay, we propose RAN1 to consider pico with the 30dBm and 37dBm Tx power as well as 24dBm. Since RAN1 already have relay with 30dBm and 37dBm, then some future interference cancellation algorithms based on this Tx power could be directly reused to the pico with same Tx power if wire backhauling is available. So it does not cause any additional work to capture such Tx power for pico and could make pico and relay fully comparable. Then operators could have freedom to make choice depends on their resource on any scenario. 

 And the information I got from RAN4 is the 24dBm is only for LTE Rel9 pico Tx power, the Tx power of pico is still open for Rel10.

 I agree with you (CMCC) that it's important to identify the issues in the heterogeneous network operation. But it's still needed to align the evaluation channel models to get the basic understanding of the performance difference among different het-net deployment, e.g. pico, relay with same or different transmit power.

Since RAN1 has put quite a lot of effort in the relay channel modeling, which is believed to be very reliable model to the practical channels. Thus it'd be quite quick to "borrow" the model to other heterogeneous network without wasting too much time and can reach reliable and comparable evaluation.

	CMCC
	From the network operating point of view, the Hetnet scenarios are very important, especially when we start the application of LTE/LTE-A from the hotspot or indoor application where the large traffic load is demanded. In such scenarios, different operators may have different deployment strategy depending on its own spectrum and backhaul resource situation. If the operator has enough backhaul resource for indoor application, it may choose Pico+Macro.   Otherwise, Macro+Relay may be a solution. 

So can we identify some typical scenarios for Hetnet but not mix them in one? I guess the motivation of Hetnet study is to identify the problem for such deployment and find a solution, but not to compare the performance of femto or Pico or relay application in indoor or some other scenarios. 
For the configuration parameters corresponding to different application, e.g. Relay, Pico or femto, they may differ each other. For indoor and outdoor scenarios, the configuration parameters are also different. If we can’t define the environment/scenarios clearly, we may stick to the arguments on the parameters for Relay/Femto(HeNB)/Pico in different scenarios. So one method to identify the scenarios and their corresponding configuration parameters  for the study could be like the following:
we can try to figure out the environment/scenarios which we want for HetNet, e.g. Macro + outdoor Hotzone/hotspot, Macro + Indoor, and then apply the relay, femto or Pico to the different scenarios, and then we can define the scenarios for HetNet. 

One example is as following:

Step 1: we define one environment we want to simulate as “ Macro + Indoor” (Option 1).

Step 2: define the scenarios of the above environment as:

         Option 1a: Macro eNB+Pico 

         Option 1b: Macro eNB+ Relay

         …

         Option 1n: ….

Step 3: Based on the defined environments and scenarios, we may have several options, e.g. Option 1a,…, Option Nn.  

Step 4:  choose one or two options as the most typical scenarios, and discuss the corresponding configuration parameters, e.g. Tx power, channel model, antenna pattern and so on.

Step 5: Run the simulations.

 I don’t know if it is a way to identify the scenarios and their corresponding parameters, but I hope it can help to make some progress on the scenario identification. Questions and comments are appreciated.
I guess the main motivation on aligning the channel model from each scenario is NOT to compare techniques starting from the January meeting, otherwise we need some time to align all the channel models for each scenario. Unfortunitily, as Qinfei's early email stated in his simple table captrue all the scenarios definition, some models for desired scenarios are still FFS. 

1) Channel model

Considering the complicated situation, I suggest to we can align the channel models as more as possible. Other scenario, e.g., femto channel model has been long discussion accepted in RAN4 and we intend to still remain unchange.  

The proposal is based on 

Case

Path loss model

D1, ISD=500m

3GPP 36.814 v1.4.1 
Macro-UE model in Relay model

D3, ISD=1732m

3GPP 36.814 v1.4.1 
Macro-UE model in Relay model
RRH/Hotzone

3GPP 36.814 v1.4.1 
Relay-UE model in Relay model
HeNBs/Femto

R4-092042 (RAN4 model)
Relay

3GPP 36.814 v1.4.1 Relay model
2) fast fading

At least path loss model we should agreed before we start for Jan meeting. But we state that there is a requirement to ensure that fast fading model need to be finalized later. 

3)  inband type 1 relay

Our proposal is quite align with Huawei's proposal since at least we need to try to identify the scenarios clearly before we go on to other discussion e.g., metrics, channel models. Irespective of what specific solution we need to use in the a scenario, the two-level classification of the HetNet scenario makes sense.

Moreover, I suggest to indicate that we're simulating inband type 1, and gives people very clear definition of what interference scarios we should consider in simulation. This is one important scanrio of relay deployment we observed from operator's contributions and discussions.

	Kyocera
	We agree your (NSN/CMCC) opinion that the motivation of Hetnet study is to identify the problem for typical scenario and find a solution, but not to compare the performance of femto or Pico or relay.

In addition, scenario of pico and relay may differ in some points. For example, in order to enhance cell edge performance, relay would require high maximum Tx power (e.g. 37dBm) due to the air backhaul link. However, pico might not require such high Tx power because pico could be placed near cell edge.

Therefore, we think that we do not need to set pico maximum Tx power in order to compare with relay.On the other hand, if most operators and companies think that typical outdoor pico (hotzone) deployment is similar to relay deployment, the outdoor relay access channel model should be reused for outdoor pico (hotzone) scenario.
I have thought that relay needs to be deployed within cell center or cell middle (not cell edge) due to wireless backhauling link and requires increase of the Tx power in order to enhance cell edge performance. On the other hand, pico could be deployed near cell edge and it might have lower Tx power than relay. Also from the above, pico channel model may not always be same as relay channel model.

	CATT
	If I understand correctly, in 36. 814, there is maximum output power of 30dBm for Hotzone/Pico. There was also discussion in RAN4 that 24dBm has been agreed no matter indoor/outdoor pico. 
I agree CMCC’s suggestion on clear scenarios definition before we go deeper for any other analysis. Some of them can be achieved from the current 36.814; others which in status of FFS or not being clarified clearly should be discussed as our first step. For quickly capture, a simple table is summarized as below:

 - FFS parts are expected to be filled by appropriate channel models(Large scale, fast  fading), particularly if we also consider fast fading channel for further study. 
We have a suggestion for current  Dual-stripe model for indoor HeNB to outdoor UE applied in RAN4 and TR36.814, which is: PL(dB) = 127+30log10(R/1000) R in m. Because the pathloss for the Macro BS to outdoor UE is : PL(dB) = 127+37.6log10(R/1000) R in m. The propagation from Macro BS to outdoor UE should be better than HeNB to outdoor UE, because the BS antenna height is above the rooftop. So we proposed to change the HeNB to outdoor UE pathloss to at least same as Macro BS to UE: PL(dB) = 127+37.6log10(R/1000) R in m.

 Het. Scenario

Deployment Scenario

Indoor node

Macro Access Model

Indoor Access Model

Macro to Indoor

Indoor to Macro 

Priority

Macro/Indoor

Indoor-Rurual

1 layer cluster

Femto CSG

FFS

FFS

FFS

FFS

Pico OSG

Indoor Relay?

To be considered in Relay SI？
Indoor Dense Urban

6 layers cluster

Femto CSG
Pico OSG

Indoor Relay?

To be considered in relay SI？
Macro/Hotzone

Dense Urban only

Uniform

Pico

Relay?

To be considered in relay SI？
Correlated

Pico

Relay?

To be considered in relay SI？



Proposal on allowed propagation models:
As discussed in RAN1#58bis there are many details in the TR 36.814 on the propagation model that have been available for over one year. Therefore, unless a need is identified it is proposed to use those models to the maximum extent. The following is therefore proposed:  
· Existing propagation models in 36.814.
· For the dual-strip femto model, use the corresponding RAN4 model

· In the RRH/Hotzone scenarios, allow the use of existing Macro – UE link and Relay – UE link propagation model
· No consensus on the necessity of comparing relay and hotzone performance. If desired, individual companies could compare the performance under the same model
Other
	Companies
	Proposals

	 Motorola
	- using 3D antennas + downtilt for macro cells in the heterogeneous network simulations.  We think this is also important in modeling performance and accurately evaluating proposed techniques.

- for evaluation of release-8 PDCCH or other control channels in heterogeneous network simulations include multi-cell interference modeling at the REG level with the appropriate subblock interleaving and link error prediction abstraction like EESM (or even better an instantiation of a convolutional decoder in the PDCCH case ) - see R1-094838 e.g.


Proposal:

· Further discussion needed
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