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1. Introduction

At the RAN1 #78bis meeting, the evaluation assumption for heterogeneous network with separate frequency band scenario was discussed and the following was captured in the Chairman’s notes [1].

	Agreements:
Simulation assumptions for HetNet scenario with separate frequency bands.

FFS: Details of cell association method 


· Agree page 2 in R1-144507.
Email discussion until 23th October focusing on the number of small cell per cluster and dropping rule considering page 3 in R1-144507 as a starting point – Na (NTT DOCOMO)


This document summarizes the email discussion [78bis-16] on the evaluation assumptions for HetNet separate freq. scenario, which focuses on the number of small cells per cluster and the dropping rules.
2. Summary of the email discussion progress

At the initial stage in [78bis-16], the discussion was focused on the underlying motivation of introducing a new node dropping scheme for the heterogeneous network scenario with separate frequency bands. The following issues were discussed (further details are in Appendix A):

1. Small cell/hotzone UE dropping area, including comparison of clustered dropping and uniform dropping in a macro sector.  Two primary alternatives were discussed for small cell dropping method:
Alt. 1: Small cell centers are dropped in a cluster with a radius of [50] m

Alt 1a: Small cells are dropped on an edge of the small cell area, where each AAS faces to the area center

Alt. 2: Small cells are dropped in a macro sector based on the hotzone model in 36.814.
2. Small cell distribution in the dropping area, where the major issue here is to specify the minimum distance between the small cell BSs.

3. Other issues including: 

· Detailed value to determine the dropping area size.

· The small cell number per dropping area.
· Detailed value of the minimum distances between nodes and dropping areas.
Target of this discussion was to clarify different dropping options and collect companies’ opinions. The proposals of dropping details and companies’ opinions are summarized in Appendix B. Note that other related issues, e.g., the simulation workload the methodology was also discussed, which is summarized in Appendix C. 
During the phase-2 discussion, it is observed by several companies that it is desired to avoid over-emphasized interference issues in this SI and too complicated evaluation shall be avoided. The concern of over-emphasized interference is raised by considering a large number of small cells per cluster, i.e., 10 cell/cluster and the minimum distance between the small cells, i.e., 20 m. In addition, having 10 cell/cluster is also believed to increase the evaluation complexity. As inter-cell interference coordination is out of the scope of this SI, it is desired to carefully consider the realistic inter-cell interference scenario. Based on the discussion, several compromises have been made, especially w.r.t.:
· Using a randomly dropped outdoor LPN with a single sector directive antenna instead of one with 3 sector coverage.
· Randomly dropping an LPN with a 2DAA in an outdoor small cell cluster instead of antennas used in prior small cell studies.

· The number of small cell per cluster has been reduced to 4 and the necessity of 10 cell/cluster case is FFS
· The minimum distance between small cell centers is open for FFS
In addition, it is also noticed that the minimum distance between small cell BS and UE shall be consistent with the 3D channel model study where the pathloss model is only specified for 2D distance larger than 10m. 

And then, it is suggested by several companies to move forward with quantitative investigations, e.g., RSRP and geometry in order to judge whether the modified dropping model can resolve the problem of over-emphasized inter-cell interference issue. Based on a proposed a draft working assumption, a proposed agreement for this email discussion was made and several comments were received, as attached in Appendix D. From the feedback from companies, the following issues have been taken care to ensure the progress.
· The size of the dropping areas of the small cells will be open for FFS
· Details of UE dropping and cell association is removed from the proposed working assumption.
3. Conclusions of the email discussion
At the end of this email discussion, the following conclusions were made:
Working assumption:
· Small cells are dropped within a cluster.

· Small cell cluster centers are randomly dropped within a macro sector.

· Small cell planar antennas in clusters can be deployed based on the following procedure

· Step 1: Randomly drop small cell centers around the small cell cluster center within a radius of Rc; and consider the minimum distance between small cell centers (Dscc).

· Step 2: Randomly deploy small cell antennas on area circle with the radius of half of Dscc.

· Step 3: Determine the horizontal angle of the small cells with the planer facing to the small cell center.

· Following values are used for small cell deployment.

	Macro ISD 
	500 m

	number of clusters per macro sector
	1

	number of small cells per cluster
	4; Necessity of modelling 10 small cells per cluster is FFS

	Radius for small cell center dropping in a cluster
	FFS

	Minimum distance (2D distance)
	Small cell – UE: > 10 m

	
	Macro – small cell cluster center: > 105 m

	
	Macro – UE: > 35 m

	
	Small cell cluster center – small cell cluster center: > 2 times of the radius for small cell center dropping in a cluster, plus minimum distance separation between small cell centers, i.e., 2*Rc + Dscc.

	Minimum distance separation between small cell centers (Dscc)
	FFS
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Conclusion:

Companies are encouraged to provide the RSRP and/or geometry results for other node dropping schemes. The details of the dropping schemes shall be clearly described. It shall also be clarified the motivation of introducing a different dropping scheme from that specified above, noting that the model above in the proposed working assumption is regarded as a more realistic deployment model. 

4. Possible way forward for RAN1#79

With the quantitation evaluation of the RSRP and/or the geometry, RAN1 shall quickly conclude details for this scenario based on the current working assumption and fix the remaining parameter values for:
· Radius for small cell center dropping in a cluster (Rc);

· Minimum distance separation between small cell centers (Dscc).
Then the UE dropping can be discussed. Based on the last agreement made in RAN1#78b and the additional inputs from companies, e.g., 

· Alt. 1: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.
· Alt. 2: All UEs are randomly and uniformly dropped within the clusters. 20% UEs are outdoor and 80% UEs are indoor.
Note that Alt. 1 made a complete model of the UE dropping in the entire area. Alt. 2 provides a model that can simplify the performance evaluation w.r.t. the cell association and simulation.

And then the cell association shall be discussed including the following alternatives:

· Alt. 1: Geometry-based UE association with bias (i.e., RSRP of the target cell divided by the summation of RSRPs of the other cells in the same frequency plus noise power). Bias value is FFS.
· Alt. 2: RSRP-based UE association (FFS with a pre-defined RSRP threshold value applied for small-cell layer).

· Alt. 3: All UEs dropped in clusters are connected to the small cell layer. Other UEs are associated with macro cell layer.

Note that Alt. 3 provides a simplified model which avoids too diverse implementation of the cell association, which may lead to diverse performance results shown by different companies. An optimization target shall be defined for Alt. 1 and Alt. 2 in order to search for the best bias value for the RSRQ and RSRP respectively, e.g., ratio between macro and small cell UEs.
Subsequently, remaining details of simulation parameters such as traffic model and UE receiver should be fixed based on [2].
5. Summary

This contribution summarizes the email discussion on the HetNet scenario with separate frequency band. 
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Appendix A: Summary of the discussion on the motivation of introducing a new node dropping scheme
In the initial phase, the underlying reasons of introducing a new dropping rule were discussed. Following is the summary of the clarification questions and the proponent’s answers to them.
1. Motivation of introducing single sector deployment of the 2DAAS: It is clarified that in the hotspots area, it is not always feasible to have multi-sector deployment. Therefore a single sector model has to be introduced.

2. Whether the conventional dropping schemes can be reused, e.g., dropping small cell BS in the center of a circle: It is clarified that the conventional multi-sector antenna or onmi-directional antenna can provide 360-degree coverage in the azimuth. But the single-sector 2DAAS can only provide coverage of specific directions in azimuth. Therefore, the dropping scheme of the small cell BS with single sector 2DAAS shall be revisited.

3. Whether the bore-sight direction of the 2DAAS shall be randomly determined: It is clarified that due to the realistic deployment situation in the hotspot areas, the bore-sight direction has some randomness due to the limitation of small cell deployment.

4. Reason for dropping small cells in clusters instead of uniformly in macro sector: It is clarified that the interested scenario is the hotspot area which is covered by multiple small cells.

5. Whether a realistic inter-cell interference is modeled by the proposed dropping model: It is clarified that un-realistic inter-cell interference is avoided by setting a certain separation of the neighboring small cells using minimum distance between small cell centers.   

6. The potential problem that the small cell antenna panels can locate very close to each other: It is clarified that with the proposed dropping scheme, the closely located antenna panels will face to different directions, which does not lead to unrealistic deployment model.

Other details of discussions in the initial stage are shown below:
Table 1: Clarification of the motivation of introducing a new node dropping scheme

	Question
	Clarification

	Why not drop the picos in the cell centers?  That way, the minimum distance between picos could be enforced. (Ericsson)
	We would like to first clarify the rationale behind our proposed dropping scheme. That is, we first identify the intended coverage area for each small cell, and then we decide the best placement of the small cell antenna to ensure the coverage of that area, including:

a)
The relative position of the BS w.r.t. the defined coverage area

b)
The relationship between the intended coverage area of different small cells

To issue a): Since we consider 2D AAS as the small cell BS antenna, we do not have an antenna array that can ensure the 360 degree coverage in the horizontal domain. Therefore, it is not appropriate to place the small cell BS at the center of the intended coverage area. On the other hand, with our initial investigation, if we place the small cell BS on a circle and let the bore-sight to face the circle center, we can ensure the coverage of the whole circle area. 

To issue b): The minimum distance is basically defined to ensure that the coverage areas of different small cells do not overlap. Therefore, the minimum distance is still defined for the circle (intended coverage area) center, not for the small cell BS.
(DOCOMO)

	Is there some reason why only one sector is covered, as opposed to the omni coverage we normally simulate? (Ericsson)
	This is due to the realistic scenario where the deployment environment does not allow us to have multi-sector antenna deployment. (DOCOMO)

	Also, is there a particular motivation for dropping the picos in a cluster rather than uniformly over a macro sector?  A multi-sectored pico could offer similar capacity to a small number of single-sector picos in a cluster. (Ericsson)
	Clustered dropping is used to model the realistic scenario of hotspot area which cannot be covered by a single small cell BS. Theoretically, it would be beneficial to deploy multi-sector small cell. But that is not the case in practice. In many hotspot areas, it is only possible to put multiple single-sector small cell BSs instead of having single multi-sector small cell. (DOCOMO)

	This model describes a dense outdoor random deployment of single sector picos with 2DAAs, and we’re not clear on what deployments could use this.  In such a model, the interference between the small cells will be over-emphasized and this may impact the design of the 2DAA algorithms, and/or require heavy inter-cell coordination. (Ericsson)
	As we mentioned online in the last RAN1 meeting, inter-cell coordination will not be considered within this SI. Therefore we do not intend to emphasize the interference issue. The introduction of dense small cell deployment mainly comes from the realistic deployment. In our proposed small cell dropping scheme, we have defined the minimum distances between the small cell coverage areas to avoid introducing unrealistic inter-cell interference situation. (DOCOMO)

	If directive antennas are used to cover a single sector outdoor, these are likely used to cover along a street or a square. But such outdoor cells would be planned. The purely random deployment in your model using pico sites with directive antennas with random orientation does not seem to fit this case. (Ericsson)
	The orientation of the antenna array in reality depends on the feasibility of the deployment situation. So there exists some randomness. (DOCOMO)

	It’s not obvious to us why a pico could not cover all sectors, e.g. if the pico were pole mounted. (Ericsson)
	This is due to the deployment constraint where in most cases it is not feasible to mount multi-sector antenna arrays. (DOCOMO)

	
	Considering the small cell number, 4 cell/cluster and 10 cell/cluster are specified in the current WF. Some concerns were raised for the interference issues in 10 cell/cluster case. Based on the discussion, small cell dropping scheme (page 4 of R1-144507) has prevented the overlapping of the target coverage area of neighboring small cells. Therefore, even in the 10 cell/cluster case, we are not going to have an exaggerated inter-cell interference situation. Considering the specification of the scope of the SID, it was agreed that no inter-cell coordination shall be considered in this SI. Based these reasons, we see no problem of having both 4 cell/cluster and 10 cell/cluster cases. 
Considering the small cell dropping, the proposed small cell dropping scheme in page 4 of R1-144507 can reflect the realistic deployment situation:

1.
With a clustered dropping, it models the hotspot area where there is a high traffic demand

2.
It models the situation of single-sector deployment of the directional AAS in reality. The single-sector deployment model is due to the deployment constraints.

3.
By specifying the minimum distance between the target coverage area center (not the minimum distance between small cell BSs), we ensure the separation of the small cells. This model can reflect the deployment planning to avoid strong inter-cell interference.

The above considerations in dropping models shall be able to remove the concerns about this new node dropping scheme. (DOCOMO)

	While the coverage circles of panels may not overlap, in our understanding the panels can collide in the dropping method of R1-144507, as illustrated below.  Since UEs are dropped uniformly within some radius (the larger circle below) and associate with a panel or a macro according to RSRP, it’s not so clear to us why we need to define a coverage area per panel for the purpose of dropping picos.  So we think it would be better to ensure the picos have some minimum distance (as is consistent with prior RAN1 studies).
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	The definition of the coverage area does not mean that the panel can only cover that area. The definition is important to avoid unrealistic interference situation. In our view, the unrealistic scenario is the case where the small cell BS are put very close AND face to face to each other. To avoid such situation, we have defined the coverage area and clearly separate the coverage area of different small cells, e.g., by specifying the minimum distance of the area centers. As for the “panel collision” situation illustrated below, we consider it realistic. First of all, the real size (compared to the cell coverage area) of the antenna panel is much smaller (e.g., 20cm x 20cm). So we do not really have the problem of collision. Secondly, we do have instances in practice where several panels can be put together or very close to each other to provide a kind of “multi-sector” coverage, but keep in mind that they are supposed to cover different areas  or directions. In this sense, we believe that the situation illustrated in the figure below is still a valid model which represents the realistic deployment.

	In terms of dropping, randomly dropping of directional antenna array is not realistic. We always do RF planning for outdoor-indoor coverage to mitigate indoor coverage overlapping, especially for directional antenna array which will always face to specific area with high UE density. Besides, why shall we always place small cells at 10 meters heights as pico cells in a real deployment environment? It will make more sense to deploy more small cells at lower floors and less at higher floors due to power limitation. 

Assuming that we agree with dense AAS small cell and random AAS dropping as you have proposed, could you please elaborate more what’s main difference between 3D UMi and non-cochannel Hetnet in term of channel, interference etc?  What I understand is that within such a scenario, some small cell UEs may experience strong interference from multiple small cell AAS. Then without coordination except for static tilting or static load balancing, each small cell AAS will perform some kind of optimization independently no matter which AAS solution we will study. So this scenario will be equivalent to 3D UMi except that the interference from neighboring AAS maybe more severe. If that is what you want to study, will it be easier to reduce inter-site distance of 3D UMi than creating a new non-cochannel Hetnet scenario which seems to be just a modified 3D UMi? Beside the scenario discussion, we are also keen to understand what we can learn from such a new scenario, at least at high level. 

As I said before, it might be better to see what characterizes each scenario can represent in terms of channel, interference, UE distribution, etc.  3D UMa and 3D UMi have different channels and the UE can above or below the BS. Co-channel scenario has unique co-channel interference caused by a certain inter-action between macro/small layers. Then what do we wish to learn from specific setting of non-channel cases? (ALU, ASB)
	In the previous 3GPP study, we have mainly considered two antenna array deployment cases, i.e., multi-sector antenna array (mainly 3-sector) BS which is supposed to cover a hexagonal area; and omni-directional antenna BS which is supposed to cover a circle area. But now with 2DAAS deployed in UE hotzone area in practice, both models cannot accurately characterize the realistic situation. In most cases in the UE hotzone area, it is not possible to mount multi-sector antenna array. And the coverage property of omni-directional antenna and the 2DAAS are essentially different. Consider the deployment of directional antenna panel, the conventional hexagonal model provide a regular placement of the antenna panels with fixed bore-sight directions. Whereas in practice, the small cell deployment may result in irregular bore-sight directions among different small cell BSs. According to these life situations, we are well motivated to introduce a new small cell BS dropping scheme to represent the single-sector coverage scenario. 




Appendix B: Summary of the discussion on the node dropping schemes

Table 2: Discussion on node dropping schemes

	Dropping details
	Companies Opinions

	Small cell/hotzone UE dropping area

Alt. 1: small cells are dropped in a cluster with a radius of [50] m, UEs are dropped in the same cluster with a radius of [70] m, as proposed by DOCOMO in R1-144507.

Alt. 2: small cells are dropping in a macro sector as proposed by Ericsson and Qualcomm. In this case we need FFS the ISD assumption of the macro sector, e.g., ISD = [200] m; and the dropping rule of the hotzone UEs.
	DOCOMO: Alt. 1 defines a hotzone area with dense UE distribution and covered by multiple small cells. Alt. 2 defines hotzone areas that are only covered by a single small cell. More details shall be provided by companies to specify the UE dropping. In DOCOMO’s view, Alt. 1 is a more realistic model.

	
	Ericsson: Picos are dropped uniformly and randomly in a macro sector with some minimum pico-pico distance, consistent with the clustered UE hotzone in 36.814.

	
	DOCOMO: Dropping area of the small cell, i.e., cluster vs. macro sector. We would like to understand what make is more attractive to drop small cell BS in macro areas instead of in clusters. In our view, clustered dropping is a more realistic model of the UE hotzone. Since clustered dropping has been used in Rel-12 small cell study, we consider it as a more attractive model.

	
	ALU, ASB: We prefer a regular dropping of small cell AAS  (up to 4) around a UE cluster edge, where each AAS faces to the UE cluster center. It represent dedicated cell planning with directional arrays to provide extra coverage and capacity for a specific UE group. We are also fine with random dropping in a sector to represent traffic offloading by using small AAS, up to 4 per sector. 

	
	Ericsson: As far as dropping UEs goes, the clustered UE hotzone configuration 4b from 36.814 could be used as a starting point.  Note that R1-144507 has similar behavior in that UEs are dropped randomly around the panels over 360 degrees. Regarding the macro ISD, whether it is 200m or 500m should be further discussed. Again, we prefer at most 4 small cells / macro cell.

	
	LGE: Based on Chongning’s summary, we are basically fine with Alt.1 for both issues 1 and 2 in that Alt.1 is based on more realistic assumptions. On the other hand, Alt.2 has a merit in its simplicity and is similar to what we have done before as Qualcomm also mentioned. So, I suggest checking UE geometry on Alt.1 and Alt.2 to see whether both alternatives show similar characteristics or not. If it is not the case, taking Alt.1 seems reasonable due to its realistic assumption.

	
	Qualcomm: We think that it is good idea to further study the RSRP and UE geometry distribution for different dropping methods and evaluate the impact of the minimum distance separation. In order to make progress we are fine to take Alt 1 as a working assumption and revisit it in next RAN1#79. But for the number of small cells per cluster we prefer to at most 4 small cells at this moment due to unknown impact on the geometry and RSRP distribution. Therefore we prefer to leave it FFS. For the minimum distance between UE and small cell we think it is better to align with homogeneous 3D UMi, e.g. using 10m minimum distance. 

Here is the proposed draft working assumption.

1.       The small cell dropping within a cluster is based on R1-144507

2.       The number of clusters per macro is 1

3.       The number of small cells per cluster is 4

4.       The minimum small cell to UE distance is 10m

5.       The macro ISD is [500m]

6.    FFS for 10 small cells per cluster and the minimum distance separation between the small cell center.

	Small cell distribution in the dropping area, where the major issue here is to specify the minimum distance between the small cell BSs. There exist the following opinions:

Alt. 1: small cells are separated with the help of a specified “target coverage area”; the minimum distance between the “target coverage area” centers is [20] m, as proposed by DOCOMO in R1-144507. 

Alt. 2: small cells are separated by minimum distance of BSs, e.g., [40] m, as proposed by Ericsson and Qualcomm.
	DOCOMO: Alt. 1 prevents the unrealistic strong inter-cell interference and also guarantees sufficient coverage with single-sector 2DAAS. Alt. 2 can also prevent the unrealistic inter-cell interference. But it is more suitable for omni-directional antenna which ensures the 360 degree coverage. With directional antenna panels, it may cause some coverage issues, as illustrated below. It seems also very important to specify the hotzone UE distribution for Alt.2 to help people understand the specification of the entire hotzone scenario.
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	Ericsson: Picos are dropped uniformly and randomly in a macro sector with some minimum pico-pico distance, consistent with the clustered UE hotzone in 36.814.

	
	DOCOMO: Definition of the minimum distance to separate the small cell. For this issue, we want to emphasize the advantage of our proposed dropping schemes. So in case of face to face deployment of small cell panels, they shall be well separated in distance. In case small cell panels are not deployed face to face, we allow them to be closer to each other. We think this is quite realistic and reasonable.

	
	Qualcomm: From our view the main concern is the minimum distance separation between two small cells coverage area. As proposed by DOCOMO in R1-144507 the minimum distance between the “target coverage area” centers is 20 m which is restricted by the cluster radius of 50m and the assumption of 10 small cells per cluster. Based on this dropping approach it seems possible that the target coverage areas, e.g. a circle with a radius of 10m, of two neighboring cells are two tangent circles, which may create unrealistic strong inter-cell interference to cell edge users and exaggerate the interference situation. Because the signal power outside the coverage circle area is still strong enough at least for outdoor LoS UEs as shown in your RSRP distribution figure. It is noted that also the random deployment of antenna panel cannot help to solve the interference issue. If we use the approach in 36.814 to drop the small cell with minimum distance of 40m between two small cells, with the same assumption of the coverage area as a circle, it can be seen that the random deployment of directional antenna makes it less possible to have target coverage area externally tangent to each other. In other words the main coverage area of small cells are well separated. Therefore if the directional antenna is used for small cells we think the current approach in 36.814 can be used with small modification for random deployment of directional antenna panel.
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	Ericsson: Then for point 2 on selecting between alt 1 and alt 2, we prefer alt 2.

	
	DOCOMO: I understand that you want to avoid exaggerating the interference situation in the scenario. If so, how about we make some further study of the minimum distance between the circles in Alt. 1. What makes us uncomfortable with Alt. 2 is that we will not be allowed to place another small cell BS within the white circle (40m radius), which it not very realistic. I think having coverage area that are tangent to each other is not the biggest problem if we carefully decide the minimum distance to ensure limited inter-cell interference. So how about taking Alt. 1 as the working assumption and further study the minimum distance which ensure reasonable separation of the small cells, e.g., by studying the RSRP and the geometry. 

	
	LGE: Based on Chongning’s summary, we are basically fine with Alt.1 for both issues 1 and 2 in that Alt.1 is based on more realistic assumptions. On the other hand, Alt.2 has a merit in its simplicity and is similar to what we have done before as Qualcomm also mentioned. So, I suggest checking UE geometry on Alt.1 and Alt.2 to see whether both alternatives show similar characteristics or not. If it is not the case, taking Alt.1 seems reasonable due to its realistic assumption.

	Number of small cells/cluster
	CATT: Regarding the number of small cells per cluster, our preference is 4.

	
	CATT: Just a short response, we still have strong view on the number of small cells per cluster which is at most 4.

	
	Ericsson: Dropping picos in a 50m radius cluster seems very dense for an outdoor deployment of 2DAAs, especially with 10 picos / cluster.

	
	DOCOMO: With our proposed model, we ensure that neighboring small cells are well separated (by the definition of the minimum distances between small cell coverage areas). It is true that 10 cell/cluster is a dense deployment. But we do not see exaggerated interference situation in our proposed scenario model.

	
	Ericsson: Ten panels/cluster seems too dense for randomly deployed outdoor directive antennas in our view, as we have explained.  Can you explain more precisely what constraints or deployment scenario would lead to 10 randomly deployed single sector 2DAA panels in a 50m outdoor cluster?

	
	DOCOMO: There was similar discussion in Rel-12 small cell enhancement. 10 cell / cluster is proved to be feasible. The motivation of the dense deployment has been very well explained and recognized in Rel-12.

	
	Qualcomm: We have similar concern on the number of small cells per cluster. The Rel-12 small cell scenario uses 10 small cells per cluster but it assumes omni-directional antenna is used in the small cell. If the small cell is randomly deployed with directive antenna we need to understand whether the dense deployment is still possible. Secondly, when the cluster dropping is introduced to the Rel-12 small cell scenario, it is common understanding that the small cells within one cluster will see strong interference from each other and small cells across clusters are expected to see low interference. But if directive antenna is considered for small cell then the small cells close to each other may not have strong mutual interference but dependent on the panel direction. In our view the cluster dropping is not necessary for the directional small cell deployment. And we prefer to the use the same approach in 36.814, e.g. small cells are randomly dropped in the macro sector coverage with the minimum pico-pico distance of 40m and UE-pico distance of 10m. If this can be agreed then we can support 10 small cells per macro sector coverage.

	
	LGE: In addition, other parameters including the number of small cells are also desired to be determined based on the UE geometry distribution. If the geometry difference between 4 and 10 small cells is similar, we think 4 small cells per cluster would be sufficient. Otherwise, 10 small-cell case can also be considered, but in this case it seems desired to consider reducing the number of clusters per macro, e.g., to be 1/3 in average, meaning 1 cluster per 3 adjacent macro area. Once the dropping methodology is decided, we think the UE geometry calibration is needed among companies since it has not been calibrated before including the previous SI.

	
	DOCOMO: We also understand the concerns of the interference issue and the simulation workload if we assume 10 cell per dropping area. To ensure the progress, how about we start some quantitative investigation from 4 cell per dropping area and work on the other details. We make 10 cell per cluster case as an FFS.

	Minimum distance between small cell BS and UE; minimum distance between small cells
	Ericsson: If I understand correctly, outdoor picos are modeled.   Since the picos are 10m high, and if we have say 4 picos per macro sector, what do you think of using a larger minimum spacing than 20m?

	
	DOCOMO: The minimum distance is just defined to ensure that the small cell BS are not too close to each other. It is not a fixed value to specify the distance between two neighboring small cell BSs. Since the small cell BSs are randomly dropped, the small cell BS shall be well separated (geographically) in usual cases. Actually, our original intension is to have 10 small cells within a cluster. In that case, the minimum distance definition is very critical to ensure that the 10 small cell BSs can effectively cover the entire cluster area.

	
	Qualcomm: Secondly we want to point out the minimum distance between UE and small cell needs to be discussed also. We think the 5m proposed in R1-144507 is too aggressive. Since the antenna height of small cell is only 10m the minimum distance of 5m may have a very wide distribution of elevation angels. If there is no strong reason we want to use the same value for 3D UMi in homogenous scenario, e,g. minimum distance of 10m so that the EBF/FD-MIMO algorithms developed for homogenous scenario can be used also for heterogeneous scenario.

	
	Ericsson: Chao’s suggestion to set the minimum small cell to UE distance to 10m seems reasonable to us as well.

	
	Ericsson: The 20m coverage areas are not where UEs will likely be served, if I understand Chongning’s RSRP results correctly (apologies if I do not). The power from a single element of the panel is roughly -75 dBm when the UE is 60m in front of the panel.  Since a UE should be able to receive rate 4/5 64 QAM at that power level, the 20m distance seems to be much less than the coverage of an isolated single panel.  Also, panels more than 60m apart can then significantly interfere with each other. 

	
	DOCOMO: We agree that some further quantitative investigation is needed to fix a reasonable value of the coverage area.

	
	Ericsson: The 50m cluster radius with a 20m minimum small cell to small cell spacing used in 36.872 considered 2 omni antennas.  Now we are using a panel with, say, 16 8dBi antenna elements, so the difference in gain between the antennas in the small cell study and this study can be roughly 12 dB.  The motivation for using the same cluster size and minimum small cell spacing as the small cell study is not obvious to us when using these directive antennas.

	
	DOCOMO: We understand that omni antennas provide a 360 degree coverage in horizontal domain but with relatively weaker gain in each specific direction. The 2D AAS panel can only cover a relatively smaller angle in horizontal domain but has a larger gain in the bore-sight direction, e.g., roughly 12 dB extra gain as you calculated. So if we compare these two antenna models, there is some tradeoff between coverage and maximal directive gain. As you also suggested, some more detailed quantitative investigation could be helpful to us to understanding the different in coverage capability of these two types of antennas. And it will help us to decide the detailed parameter values for node dropping.


Appendix C: Other issues that are related to the modelling

Table 1: Other issues that are related to the modelling

	Issue
	Concerns

	Workload and timeline
	ALU, ASB: Besides exaggerated interference issue which has been discussed below, we also need to be cautious about what we can really simulate. Because with 64TXRU at macro, the simulation complexity and time has been increased 8 times than 8Tx. Now we are introducing 10 small cells per macro, so it will increase simulation time for extra 10 times, giving us total 80 times increase. We are not sure whether we can provide a single result with 6 weeks RAN1 meeting interval since each simulation run may take weeks. Although we may think that the macro layer is only for UE association without actual simulation run, we are am not sure how this can really help whilst we compare EB/FD MIMO solutions, for example whether macro AAS solutions from each company can help or harm the small cell UE? How to compare solutions among companies whilst we don’t know the performance of macro UE? We cannot say that macro UE in non-cochannel scenario will be identical with macro UE in 3D UMa scenario.  In summary, if we really decide to simulate highly dense small cell deployed with AAS, we need to further discuss about how to run simulations realistically.


Appendix D: Proposed conclusive way forward for the email discussion
Investigate the node dropping issues by showing the geometry and/or RSRP results in the next RAN1 meeting.

Proposed working assumption:

· Small cells are dropped within a cluster.

· Small cell cluster centers are randomly dropped within a macro sector.

· Small cell planar antennas in clusters can be deployed based on the following procedure

· Step 1: Randomly drop small cell centers around the small cell cluster center within a radius of Rc; and consider the minimum distance between small cell centers (Dscc).

· Step 2: Randomly deploy small cell antennas on area circle with the radius of half of Dscc.

· Step 3: Determine the horizontal angle of the small cells with the planer facing to the small cell center.

· Following values are used for small cell deployment.

	Macro ISD 
	500 m

	number of clusters per macro sector
	1

	number of small cells per cluster
	4; Necessity of modelling 10 small cells per cluster is FFS

	Radius for small cell center dropping in a cluster
	50 m

	Minimum distance (2D distance)
	Small cell – UE: > 10 m

	
	Macro – small cell cluster center: > 105 m

	
	Macro – UE: > 35 m

	
	Small cell cluster center – small cell cluster center: > 2 times of the radius for small cell center dropping in a cluster, plus minimum distance separation between small cell centers, i.e., 2*Rc + Dscc.

	Minimum distance separation between small cell centers (Dscc)
	FFS


[image: image5.png]~Sifall celltuster center

7 N

il

S
“eeee_ Celbeetiter





Proposed conclusion:

Companies are encouraged to provide the RSRP and/or geometry results for other node dropping schemes. The details of the dropping schemes shall be clearly described. It shall also be clarified the motivation of introducing a different dropping scheme from that specified above, noting that the model above in the proposed working assumption is regarded as a more realistic deployment model.

Comments received:
1. It is still desired to study other dropping schemes and parameters, including Alt 2, the dropping area and the minimum distance.

2. There were diverse views on the UE dropping and UE association.

a) As for UE dropping with LPN clusters, there are following alternatives:

i. UEs are only dropped in front of the 2DAAS, i.e., around the small cell center.

ii. UEs are only dropped in cluster, i.e., around the small cell cluster center.

iii. 2/3 UEs are dropped in cluster, 1/3 UEs are dropped in macro sector.

b) As for cell association, there are following alternatives:

i. UEs dropped in clusters are associated to small cells, other UEs are associated to macro cells

ii. Cell association is considered for all UEs based on RSRQ, where the RSSI calculation takes a simplified model that RSSI is equal to the sum of RSRP from all cells in the same frequency band

iii. Cell association is based on RSRP. 

And based on the discussion, no conclusion can be easily made for this point.

3. It is proposed to further study the separation of the small cell 2DAAS, on top of the separation of the small cell centers. 

4. In the proposed working assumption, the cluster size shall be FFS in order to further check the inter-cell interference issue.

Other feedback from companies and further discussion are shown below:
Table 4: Comments received for the final proposed agreements.
	Issues
	Comments

	General comments on the proposed agreements

	Ericsson: As far as the proposed working assumption:

•
Since a working assumption on parameters should be considered after evaluations of the parameters, and since there seems to be consensus that it is difficult to conclude on concrete parameter values without conducting some evaluations, taking a working assumption is premature.  
Regarding the proposed conclusion, it makes more sense to us to require a new dropping scheme and scenario such as Alt-1 that is different than what we have used before to be motivated, rather than penalizing one more similar to what we have used before such as Alt-2.  Also, while we highly value DOCOMO’s insights on deployment models, we have not heard from other operators, and so it would be fair to say that the Alt-1 is regarded as more realistic than Alt-2 by one operator.

Companies are encouraged to provide the RSRP and/or geometry results for other node dropping schemes. The details of the dropping schemes shall be clearly described. It shall also be clarified the motivation of introducing a different dropping scheme from that specified above, noting Note that the model above in the proposed working assumption (“Alt-1”) is regarded as a more realistic deployment model by one operator.

	
	DOCOMO: And thank Mark for providing the Alt-2 dropping scheme. As mentioned in our original proposed way forward, we would also like to encourage proposing other dropping schemes. In we understand correctly, the major difference between Alt-1 and Alt-2 is the shape of the small cell dropping area. Then Alt-1 is derived from the Rel-12 small cell scenario and Alt-2 is derived from 36.814. Both can find good references. We prefer Alt-1 as we think it is more realistic. But again, we do not want to preclude any other dropping scheme at the current moment.

	Size of the dropping area
	Ericsson: Also, while we agree it is good to consider multiple values of Dscc, we remain concerned about the density of the small cells when using 50m clusters.  As we discussed regarding the RSRP results, the coverage of an isolated small cell seems much larger than 10m radius and should extend well outside a 50m radius cluster.  

	Small cell dropping
	Ericsson: 

However, it seems we are all OK with

•
Having at most 4 small cells per macro sector, with the necessity of modelling 10 small cells per cluster as FFS.

•
500m macro ISD

•
Minimum small cell to UE distance = 10m
We would suggest that in RAN1#79, we discuss further 

· The proposed working assumption (“Alt-1”) 

· Considering at least RSRQ, Dscc, the cluster radius, and the radius in Step 2 

· 36.814 based dropping (“Alt-2”)

· Minimum small cell to UE distance of 10m 

· UE dropping from Clustered UE hotzone configuration 4b from 36.814.  

· [500m] macro ISD

· 4 small cells / macro cell.

	Distance between 2DAAS and the small cell center
	DOCOMO: Randomly deploy small cell antennas on area circle with the radius of half of Dscc.

	
	Qualcomm: Secondly, in the step 2 of the small cell dropping it was proposed that small cell antennas are randomly deployed on the area circle with radius of half of Dscc. It would be possible that the panels of two small cells are very close to each other resulting in an overlapped coverage area. In such case the minimum separation between small cell centers does not make sense. Therefore we prefer to change step 2 as the following where 10m is based on the assumption of small cell radius in R1-144507. 

Step 2: Randomly deploy small cell antennas on area circle with the radius of [10m].

	
	Ericsson: Chao’s suggestion to fix to [10m] in step 2 seems better than Dscc/2 to us as well.

	
	Samsung: Regarding step 2 in small cell dropping, we have same concern as Chao mentioned. One other alternative is to revise Step 2 as below

Step 2: Randomly deploy small cell antennas on area circle with the radius of half of Dscc with considering the minimum distance between small cell antennas.          

If we consider minimum distance between small cell antennas, overlapped coverage area between two small cells will not be happened
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	LGE: In addition, we also support the revision of Step 2 as Chao and Mark suggested and it seems sufficient, since it allows further separation between small cells and the value of Dscc is FFS.

	
	DOCOMO: Regarding the small cell dropping, there are concerns with step 2 that the AAS panels will be very close to each other. However, as illustrated in the figure provided by Hyoungju, the coverage area of the two AAS panels will not overlap with each other even when the two AAS might be very close to each other. Note that in the extreme case that the two AAS panels are placed in the same position, they will face to different directions. So we do not see big problem here.

	UE dropping and cell association
	LGE: First of all, my understanding is we have already agreed in the last meeting that at least the following alt.1 of R1-144438 is adopted for UE distribution (although alt.2 FFS is also captured):

· 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

· FFS: Details of cell association method

Therefore, this agreement needs to be the baseline when we discuss further details of assumptions including cell association method. I think both of Alt.1 and Alt.2 that you wrote in the proposed working assumption seem to neglect shadowing effects which may lead to UE association for UEs located outside the circle areas described in Alt.1 or Alt.2. We believe at least this shadowing effect should not be excluded for UE dropping and association in consideration of the reality. So, we suggest also capturing Alt.3 based on the above agreement as follows:

· Alt.3:

· UE dropping (same as agreement): 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

· UE association:  Based on RSRQ (same as 36.872)

Note in the upcoming meeting, we need to further decide the RSRQ definition to be used for evaluations in this study item. One simplest way would be using the summation of RSRP values of all cells within a frequency layer for the needed RSSI, since we also agreed that the macro-layer will be only used for cell-association so that the performance of macro-layer will not be evaluated.

	
	Qualcomm: For UE dropping we have similar comments as LGE. Since we have agreed it in last meeting we don’t need to discuss it again in this email reflector. The proposed UE dropping of Alt 1 and Alt 2 are quite different from what we have done before for the heterogeneous scenario. Therefore we only support Alt 3.

	
	Ericsson: We agree with Chao and Jonghyun that it makes more sense to drop UEs over a cluster than only in front of the panel.

Jonghyun’s point on RSRQ is a good one, since we haven’t discussed yet how to associate the UEs with the macro and the small cell layers.  We’d like a little better understanding, though, e.g. of why it is RSRQ if the load of the cells isn’t taken into account.

	
	Samsung: We have some questions regarding UE dropping, cell association and small cell dropping. If we use RSRQ based cell selection as LGE mentioned, RSRQ should be measured during simulation run time with some measurement window to include loading effect of neighboring cells on each layer. However, if we do not evaluate macro-layer, how we define RSRQ from macro layer to decide cell association between macro and small cell? We think using RSRP is simpler way as we used in Phase 1 and it does not need to discuss of new definition of RSRQ in the upcoming meeting. 

And regarding UE dropping model, we are not sure about Alt3 is really necessary in evaluation point of view. If we consider FTP model 1, the packets for UEs that connected to macro cell will not be evaluated but should wait next packets for UEs small cell layer. This wastes simulation run time. Unless we evaluate UEs in macro layer, it seems better to minimize dropping UEs outside of small cell layer coverage with considering shadowing effect that mentioned by Jonghyun. However, we are not sure about Alt1 and Alt2 can solve our concern.

	
	LGE: Based on the comments from Chao, Mark, and Hyoungju, I guess we seem in principle aligned on the UE dropping issue as we do not evaluate macro-layer, although the terminology of RSRQ in Alt.3 may be better to be interpreted as “geometry-based UE association” so as to avoid any confusions of whether the load of the cells is considered or not. I think at least two aspects should be taken into account for UE association. Firstly, the cell loading effects should not be considered since we already agreed that the performance of macro-layer is not evaluated. Secondly, we need to consider an average interference power level in the same frequency layer of the target cell, in order to fairly compare the metrics across different frequency layers. In this regard, we suggested “RSRQ” type of metric under the assumption that all cells are on-state (excluding loading effects) in this study.

One thing that I’m not clear on Samsung’s preference is whether Samsung is proposing RSRP-based UE association instead of Alt.3 (with a pre-defined RSRP threshold value applied for small-cell layer?). I think using RSRP alone may be another possible solution, but in this case an average interference power level in the same frequency is not taken into account, so that we may need to investigate further whether it is appropriate. Therefore, I put this as Alt.4 (RSRP-based UE association) below as well, and suggest discussing in the upcoming meeting the alternatives. Summarizing, Alt.3 and Alt.4 can be described as follows. Please correct me if I misunderstand anything.

-          Alt.3:

  UE dropping (same as agreement): 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

  UE association:  Geometry-based UE association with bias (i.e., RSRP of the target cell divided by the summation of RSRPs of the other cells in the same frequency plus noise power). Bias value is FFS.

-          Alt.4:

  UE dropping: Same as Alt.3

  UE association:  RSRP-based UE association (FFS with a pre-defined RSRP threshold value applied for small-cell layer).

	
	DOCOMO: It is observed that several companies are still concerned with the UE dropping and the cell association. So in order to make progress, we suggest that we only focus on the small cell dropping and leave the details of UE dropping and cell association later.
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