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1. Introduction

The last meeting (RAN1 #63bis) involved extensive discussions on simulations assumptions for the CoMP evaluations. The outcome is captured in [3] and have since then been further progressed over the email reflector. 

There are basically four different scenarios to be studied. The scenarios are numbered from 1 to 4 in [3] and can be broadly classified into homogeneous and heterogeneous deployments as follows

· Homogeneous deployments

· Intra-site CoMP (Scenario 1)

· Inter-site CoMP (Scenario 2)

· Heterogeneous deployments

· A multiple cell-id approach (Rel-10 eICIC): a separate cell-id for each point (macro or pico) within the coverage area of the macro point (Scenario 3)

· A shared cell-id approach: all points (macro and picos) within the coverage area of the macro point share the same cell-id (Scenario 4)

According to RAN1 conclusions, the studies are organized into two phases. In a first phase, CoMP for homogeneous scenarios will be studied to evaluate potential gains. In a second and later phase, CoMP for heterogeneous deployments will be assessed. This contribution discusses simulation assumptions for the second phase. In addition, a fast fading model for heterogeneous deployments is proposed. For the same scenarios, the contribution also discusses a possible reference scheme.
2. Fast Fading Modeling for Heterogeneous Deployments

Only limited guidance on modeling the fast fading aspects of heterogeneous deployments are given in the annex of [1].  This is unfortunate since fast fading properties are important to capture, especially for a topic as dependent on multi-antenna techniques as CoMP. Modeling of fast fading via the SCM-E principles should hence be used in all CoMP evaluations. 
Observation
· Fast fading should be modeled using the principles of system level SCM-E in all CoMP evaluations
· Link level type of channel models, e.g. EPA, EVA, ETU, SCM-A/B/C/D etc are to be avoided.
The CoMP simulation assumptions document [3] recognizes the importance of using SCM-E principles in that all the listed alternatives for the modeling are based on SCM-E as evident from
Alt. 1:
Need to check whether fast fading model is consistent with pathloss model 2 as defined in TR36.814

[ITU UMa for Macro, UMi for low power node]

Alt. 2:
Need to check whether fast fading model is consistent with path-loss model 1 as defined in TR36.814

[3GPP Case 1 UMa (high spread) for Macro, UMi for low power node]

Alt. 3:
[3GPP Case 1]

It turns out that it is not obvious how to introduce a fast fading model on top of the already agreed path-loss and shadow fading models for heterogeneous deployments in Model 1 and Model 2. The main challenge is with respect to the shadow fading model. Shadow fading is correlated with delay spread and angular spread in both 3GGP and ITU based channel models. Delay spread and angular spread in turn heavily determines the characteristics of fast fading. This makes it important that the introduced fast fading model is based on a shadow fading model similar to the ones already agreed for heterogeneous deployments in either Model 1 or Model 2. 
Observation

· Shadow fading is correlated with parameters affecting the fast fading properties such as delay spread and angular spread
· Chosen fast fading model should be based on a shadow fading model that is similar to how shadow fading is modeled in Model 1 or Model 2
Both Model 1 and Model 2 use a shadow correlation model that is purely based on 3GPP channel model principles, i.e., there is correlation between sites but no correlation between different UE positions. This is in contrast to the ITU channel models for which the opposite is true – no correlation between sites but instead correlation between different UE positions. For Model 1 the standard deviation of the shadow fading is a fixed value just like as in the 3GPP Urban Macro model while for Model 2 the standard deviation depends on LOS/NLOS and hence differs somewhat from 3GPP Urban Macro. It appears that 3GPP Urban Macro and Model 1 is the only combination with similar shadow fading modeling principles. 
Observation
· 3GPP Urban Macro follows similar shadow fading modeling principles as Model 1

· Model 2 is not completely compatible with 3GPP Urban Macro and is far from compatible with ITU models
Using 3GPP Urban Macro for Model 1 seems to be the only reasonable match from shadow fading modeling perspective. On the other hand, it is not obvious that this is a realistic model. Particularly for the pico to UE channel using such a fast fading model stemming from above roof-top macro cellular installations might not reflect the proper scattering environment of pico points that are typically located below roof-top level. From that perspective, the ITU Urban Micro channel model is more appropriate. But with the currently agreed Model 1 and Model 2, it is not obvious how to introduce a fast fading model if the goal is realism in all aspects. Nevertheless, considering the tight schedule for the study item, there is a need to progress this issue to ensure consistence among the results in the evaluation campaign.For simplicity, we therefore propose that the baseline model for heterogeneous deployments is to use 3GPP case 1 (which is based on 3GPP Urban Macro high spread) modified according to Model 1 for both the macro to UE and pico to UE channels. 
Proposal
· Fast fading introduced by using 3GPP case 1 modified according to Model 1 for the macro to UE and the pico to UE channels

· Corresponds to Alternative 3 in the CoMP simulations document [3]  

Observation

· The use of 3GPP case 1 (Urban Macro High Spread) is not necessarily realistic but is at least:

· Well-established and simple

· Compatible with the shadow correlation modeling of Model 1

· Serves as a reference model to improve consistency among simulations results from different companies
While proceeding with Alternative 3, starting work on developing a more realistic channel model for heterogeneous deployments, including fast fading, should be considered. The ITU Urban Macro and Urban Micro channel models may be god candidates because in contrast to 3GPP case 1, there are components of indoor/outdoor modeling and also LOS/NLOS. Such a work would however likely imply that modifications to Model 1 and/or Model 2 need to be made.
Proposal

· Consider developing more realistic channel models for heterogeneous deployments

· Mode l and Model 2 may need to be revisited

· Fast fading included, possibly based on ITU Urban Macro and Urban Micro for macro to UE and pico to UE channels, respectively
3. Reference Scheme for CoMP Evaluations in Heterogeneous Deployments

In the evaluations, the performance due to standardized functionality for CoMP needs to be compared with the performance when such functionality is not available. So what are possible reference scheme to compare with?, i.e., what is “no-CoMP”? In principle, any scheme that is possible to realize using up to Rel-10 functionality is a candidate for playing the role of a reference scheme. Typically, this corresponds to some sort of MU-MIMO with dynamic switching to SU-MIMO. Although this is by far not a complete specification of a reference scheme, it captures the essence for homogeneous deployments rather well.
Also heterogeneous deployments should use MU-MIMO with dynamic switching to SU-MIMO as a reference scheme. In addition to that there is also the issue about how to handle the resource partitioning between macro and pico layer. The agreed CoMP simulation assumptions on the email reflector stipulate that the reference scheme corresponds to Rel-10 eICIC, which may be interpreted to correspond to a static resource partitioning on subframe level between macro and pico layer in the range extension zone.
Proposal
· The reference scheme for Scenario 3 and 4 uses a static resource partitioning of subframes between macro UEs and pico UEs in the range extension zone

As evident from the CoMP simulation assumption document, two different types of heterogeneous deployments are to be considered, Scenario 3 and Scenario 4:
· Scenario 3: A multiple cell-id approach (Rel-10 eICIC) – a separate cell-id for each point (macro or pico) within the coverage area of the macro point 

· Scenario 4: A shared cell-id approach – all points (macro and picos) within the coverage area of the macro point share the same cell-id 

An overview of how the shared cell-id approach could work is given in [4] . From that description, it is evident that the operation without CoMP for Rel-10 UEs and onwards is focused on semi-statically selecting the UEs to be served by a transmission point and for each transmission point perform independent scheduling of the corresponding UEs. For the UEs served by a transmission point, MU-MIMO with dynamic switching to SU-MIMO is employed. Note that the multiple cell-id approach works along similar principles even though each transmission point then happens to correspond to a separate cell-id. In the simulation campaign, these main parts of the modeling may therefore be the same for the multiple and shared cell-id approaches. 
Proposal
· The reference scheme for Scenario 3 and 4 operates according to

· Static selection of transmission point to serve a UE, modeled in the same way as cell selection with handover bias
· That is, the transmission point with strongest received signal after taking handover margin and handover bias into account is selected for a UE

· A particular UE may only be served by the statically selected single transmission point during the entire simulation time
· Scheduling and transmission is performed independently for each transmission point without regard to UEs served by other transmission points

· MU-MIMO with dynamic switching to SU-MIMO is employed for the UEs served by a particular transmission point
During the discussions in RAN1 #63bis, it was sometimes hinted that the shared cell-id approach would be difficult to model and simulate. But we would in fact claim the opposite. The shared cell-id approach is easier to simulate and model than its multiple cell-id counterpart. The reason is that the same cell-id is used for all points within the macro point’s coverage area, thus avoiding detrimental interference from CRS, sync and broadcast channels. As indicated by the list of benefits in Section 2.4 of [4], the system operation becomes cleaner and simpler with a shared cell-id approach, avoiding the need for complicated modeling of the strong interference impact. The interference impact in Scenario 3 is even more challenging to model for TDD, which faces particularly challenging interference conditions with the Rel-10 eICIC multiple cell-id approach. Joint transmission CoMP is also simpler to evaluate in a shared cell-id setting since there are no issues with CRS and control region collisions. 
Observation
· Concerns on simulation difficulty of the shared cell-id approach appears unjustified

· The shared cell-id approach is simpler to evaluate than the multiple cell-id approach

· No issues on how to model CRS and control region collisions with PDSCH employing joint transmission CoMP

· The strong interference from CRS, sync and broadcast channels present in the multiple cell-id approach is not present in the shared cell-id approach and hence does not need to be modeled.
4. Conclusions

This contribution discussed simulation assumptions for the heterogeneous deployments that are part of Phase 2 of the CoMP evaluations. Regarding the introduction of fast fading models we propose as follows:
· Fast fading introduced by using 3GPP case 1 modified according to Model 1 for the macro to UE and the pico to UE channels

· Corresponds to Alternative 3 in the CoMP simulations document [3] 
· Not necessarily entirely realistic but at least simple and well-established

· Serves as reference for improving consistency among evaluation results

· Consider developing more realistic channel models for heterogeneous deployments

· Mode l and Model 2 may need to be revisited

· Fast fading included, possibly based on ITU Urban Macro and Urban Micro for macro to UE and pico to UE channels, respectively
What kind of reference scheme to use for comparing CoMP performance with for heterogeneous deployments was also addressed, leading to the following proposals:

· The reference scheme for Scenario 3 and 4 uses a static resource partitioning of subframes between macro UEs and pico UEs in the range extension zone
· The reference scheme for Scenario 3 and 4 operates according to
· Static selection of transmission point to serve a UE, modeled in the same way as cell selection with handover bias
· That is, the transmission point with strongest received signal after taking handover margin and handover bias into account is selected for a UE
· A particular UE may only be served by the statically selected single transmission point during the entire simulation time
· Scheduling and transmission is performed independently for each transmission point without regard to UEs served by other transmission points

· MU-MIMO with dynamic switching to SU-MIMO is employed for the UEs served by a particular transmission point
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