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1
Introduction
Simulation assumptions for the resuming study on Coordinated Multi Point (CoMP) transmission techniques have received significant attention at RAN1#63bis.  Some refinements to these assumptions have taken place via email discussion and were approved in [1] and [2], respectively.  In this document, we address remaining issues that have been left for further discussion, such as the path loss model, eICIC baseline assumptions, and antenna configurations for heterogeneous deployments. 
At RAN1#63bis, a scenario consisting of a macro and remote radio heads (RRH), all sharing the same cell ID, has been proposed.  In our view, several clarifications specific to this scenario are needed to enable companies to perform evaluations based on a common set of assumptions.  These clarifications are addressed in detail in a companion contribution [3] but some key issues are also summarized here. 
Preliminary simulation results for the Phase 1 study are presented separately in [4], and some assessment of backhaul capacity assumptions and limitations is addressed in [5]. 

2
Views on remaining simulation assumptions
This section addresses remaining details which were left for further study in the agreed set of simulation assumptions [2].  Specifically, we provide our views regarding path loss models for Scenario 3 and 4, details regarding the Rel-10 eICIC reference baseline, as well as preferred antenna configurations.  We also discuss assumptions relating to time/frequency calibration. 
2.1
Path loss models for Scenario 3 and 4
Path loss models were discussed at RAN1#63bis for both homogeneous and heterogeneous deployments.  For homogeneous scenarios, the current baseline assumption is to use the 3GPP Case-1 simulation assumptions, unless significant concerns regarding the modeling of shadow fading correlation are identified.  
For heterogeneous networks, several configurations were discussed but it was agreed that further study is needed to find a set of consistent models that includes spatial channel modeling of the fast fading.  Further it was agreed that discussions should “aim to converge on a single model as a baseline for comparison.”

In our view, it is important that the simulation assumptions capture the sensitivity that heterogeneous deployments exhibit with respect to some parameters such the LoS/NLoS modeling or antenna tilt.  This sensitivity has been observed and documented before, e.g., in the context of the Rel-10 eICIC study.  At the same time, we understand that the number of simulation cases has to be kept at a reasonable level in order to have comparable results provided by different companies.  

In our view, the RRH specific path loss models, “Model 1” and “Model 2,” currently captured in TS 36.814 [7] provide a good tradeoff between limiting the number of simulation cases and providing some insights into the sensitivity with respect to LoS/NLoS assumptions.  Further, since these models have long been part of the 3GPP evaluation methodology, companies are likely to support both models in their simulators already.  The burden associated with running additional simulations is therefore reduced and not higher than the one associated with having multiple options for other configuration parameters, such as, e.g.,  the number of antennas.  
Finally, in line with the agreement at the last meeting to converge to a single model as a baseline for comparison, we believe that one of the models may be designated for being used for calibration among the results of different companies.  Nevertheless, when RAN1 concludes this study and makes final recommendations regarding CoMP gains, we believe that both models should be taken into account. 
Proposal 1: 

· CoMP evaluation for heterogeneous deployments (Scenarios 3 and 4 in [2]) should be based on both “Model 1” and “Model 2,” as currently specified in TS 36.814

· Either “Model 1” or “Model 2” may be designated as a reference model for calibration among the results provided by different companies

· Companies should be encouraged to evaluate both models, and RAN1 should draw final conclusions regarding CoMP benefits based on evaluation results for both models

To corroborate our previous point regarding the sensitivity with respect to LoS/NLoS modeling assumptions, we show the system performance for both NLoS and LoS modeling in Table 1 for the macro only case and two heterogeneous scenarios [8].  The “Best RSRP, Rel-9” scheme corresponds to a co-channel deployment where serving cell selection is based on best RSRP and there is no inter-cell interference management.  The “Biased RSRP, IM” scheme performs enhanced interference management via resource partitioning among the cells and applies a fixed 25dB bias towards the hotzone cells, while at the same time guaranteeing that the serving cell has a geometry of -18dB or higher.  Further specifics regarding the schemes can be found in [8]. 
From Table 1 the sensitivity with respect to the path loss model is apparent and shows a large variation of the performance gains, even though the performance for the macro only case is similar for both NLoS and LoS cases.  

Table 1: Throughput per UE in kbps, LOS vs. NLOS Modelling
Numbers in Parentheses represent gain w.r.t. macro-only deployment with the same path loss modelling

	Scheme
	“Model 1”
	“Model 2”

	
	5% Tail
	Median
	5% Tail
	Median

	Macro Only
	454
	630
	479
	676

	Best RSRP, Rel-9
	488 (7%)
	716 (14%)
	663 (38%)
	1148 (70%)

	Biased RSRP, IM
	929 (105%)
	1539 (144%)
	1586 (231%)
	2959 (338%)


2.2
Association bias for Rel-10 eICIC baseline reference

In [2], it was captured that the Rel-10 eICIC framework is a baseline reference for evaluating CoMP gains in heterogeneous networks, but the assumptions did not specify a specific value for the association bias, instead leaving this issue for further study.  
The association bias is linked to receiver assumptions and we recognize that companies had different views in the scope of eICIC evaluations on what value should be assumed.  In our evaluations, CRS-IC based receivers used in conjunction with a relatively large association bias have shown significant performance benefits.  By the time that the CoMP schemes under evaluation in this study item have been standardized completely, such receivers may be common and this assumption therefore seems natural to us. 

We recognize, however, that companies may have different views regarding this issue and we therefore propose not to specify a single value for the association bias.  Instead, we suggest to leave this choice up to companies, under the condition that both the Rel-10 eICIC baseline reference and any evaluated CoMP scheme are based on an identical association bias and comparable receiver assumptions.  This ensures this study’s focus on evaluating CoMP specific gains instead of gains that may results from assuming different receiver capabilities. 
Proposal 2: 

· The value of the association bias may be left up to companies as long as identical values are assumed for the baseline reference and any evaluated CoMP scheme.  Likewise, assumptions relating to the receiver processing should be identical. 

2.3
Preferred antenna configurations

As the number of antennas at the macro and RRHs may be different in Scenarios 3 and 4, it may be necessary to prioritize antenna configurations to keep the number of simulation cases at an acceptable level. In the following configurations are denoted as 
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In general, it is expected that a larger number of antennas at both macro and RRHs would be favorable for CoMP gains.  Therefore, we believe that configuration (4,4) is a natural choice to gain insights into CoMP gains for an optimistic configuration.  Configuration (2,2) may provide a reference for the case in which only 2Tx are available at both node types. 
In addition to the above configuration we believe that at least one scenario should assess CoMP gains for a different number of antennas at macro and RRHs, respectively.  For example, configurations (4,2) or (2,4) may be candidate choices and operators could provide their preference on which of these two scenarios should be selected.  We believe that it is important to include at least one of these scenarios to evaluate the impact on the CoMP design.  Further, it is worthwhile to clarify how well the case of different number of antennas can be addressed in Scenario 4 in which all nodes share the same cell ID.  Clarification is needed for this case on how the CRS is transmitted in support of control and legacy operation. 

Proposal 3: 

· Antenna configurations (4,4) and either (4,2) or (2,4) should be evaluated.  Configuration (2,2) may be also be evaluated to capture the impact of having only 2Tx available at both macro and RRH. 
2.4
Time/frequency calibration assumptions
For joint transmission (JT), assumptions relating to time/frequency synchronization are important and a simple error model should be adopted, e.g., similar to the one proposed for intra-eNB antenna port timing error [6].  The Gaussian modeling of the timing error could be retained although a larger error variance should be assumed perhaps in the order of 1µs.  In addition, the modeling of actual propagation delay differences depending on UE location would need to be considered.  

The current bounds regarding frequency error will need to be tightened in order to enable efficient CoMP operation.  In our view, this does not represent a major obstacle for CoMP operation and a sufficient tightening of the requirements may ensure that frequency error need not be modeled as an impairment in evaluations.  

Proposal 4: 

· Imperfections due to timing error should be modeled, for example, according to the model proposed in [6] with an increased variance of >1µs. In addition due to the random transmit timing offset, the modeling of actual propagation delay differences depending on UE location would need to be included in the simulated propagation channels. 

· Modeling frequency error is unnecessary in our view as current requirements will need to be tightened anyway. 

3
Clarifications specific to Scenario 4 
Evaluations of CoMP in heterogeneous deployments includes Scenarios 3 and 4.  While Scenario 3 has previously been studied in much detail, both in the scope of the LTE-A study item and the Rel-10 eICIC work item, Scenario 4 is new to RAN1 evaluation and has previously not been studied.  We therefore believe that several clarifications regarding this configuration are necessary in order to enable companies to evaluate CoMP gains with a common framework of assumptions.  A companion paper [3] addresses remaining issues in detail, but we provide a brief summary here for reference. 

Scenario 4 assumes that both macro and RRH share the same cell ID and exploits a dedicated signaling of the CSI-RS configuration to associate UEs with nearby RRH transmission points.  While CSI-RS and DM-RS may enable this operation for data transmission to Rel-10 UEs, Rel-8/9 legacy UEs and the transmission of control information are based on CRS, the configuration of which is cell-specific to the entire macro/RRH deployment.  This causes several challenges, such as the ones listed below: 
· It is a common understanding in RAN1 that CRS can be employed for interference estimation in support of PMI/CQI/RI feedback.  As the CRS configuration is common to the entire macro/RRH deployment in Scenario 4, it is unclear how this can be achieved effectively and whether any imperfections will need to be modeled.  Clearly, it is important that RAN1 achieves a common understanding regarding this issue as improper interference estimation can lead to inaccurate rate prediction at the eNodeB side.  It is commonly accepted that this may have substantial impact on system performance. 

· As the CRS configuration is common within the entire macro/RRH deployment, it is unclear how the case of different transmit antennas at macro and RRH should be addressed.  Such antenna configurations are likely to be important in practice and according to our earlier proposal we think that they should be studied as part of current evaluations.  A common understanding in RAN1 is therefore necessary on how this issue is addressed for Scenario 4. 

We believe that clarifications regarding the above issues are indispensable prior to commencing simulation studies on Scenario 4.  We therefore propose the following: 

Proposal 5:  

· A common understanding should be reached in RAN1 on how to address open issues in Scenario 4 in order to be able to align simulation assumptions and commence with evaluations. 

· This includes, but is not limited to, interference estimation, CRS configuration, and other assumptions specific to the configuration of same cell ID at all transmission points. 

4
Conclusions

In summary, this contribution made several proposals on how to finalize simulation assumptions particularly for heterogeneous CoMP deployments.  Our proposals can be summarized as follows: 
Proposal 1: Path loss models for Scenario 3 and 4. 
· CoMP evaluation for heterogeneous deployments (Scenarios 3 and 4 in [2]) should be based on both “Model 1” and “Model 2,” as currently specified in TS 36.814

· Either “Model 1” or “Model 2” may be designated as a reference model for calibration among the results provided by different companies

· Companies should be encouraged to evaluate both models, and RAN1 should draw final conclusions regarding CoMP benefits based on evaluation results for both models
Proposal 2: Association bias for Rel-10 eICIC baseline reference. 
· The value of the association bias may be left up to companies as long as identical values are assumed for the baseline reference and any evaluated CoMP scheme.  Likewise, assumptions relating to the receiver processing should be identical. 

Proposal 3: Prioritization of antenna configurations. 
· Antenna configurations (4,4) and either (4,2) or (2,4) should be evaluated.  Configuration (2,2) may be also be evaluated to capture the impact of having only 2Tx available at both macro and RRH. 

Proposal 4: Time/frequency calibration assumptions. 
· Imperfections due to timing error should be modeled, for example, according to the model proposed in [6] with an increased variance of >1µs. In addition due to the random transmit timing offset, the modeling of actual propagation delay differences depending on UE location would need to be included in the simulated propagation channels. 

· Modeling frequency error is unnecessary in our view as current requirements will need to be tightened anyway. 

Proposal 5: Clarifications specific to Scenario 4. 
· A common understanding should be reached in RAN1 on how to address open issues in Scenario 4 in order to be able to align simulation assumptions and commence with evaluations. 

· This includes, but is not limited to, interference estimation, CRS configuration, and other assumptions specific to the configuration of same cell ID at all transmission points. 
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