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1. Introduction

In this contribution, simulation assumption for mapping between CRS port and TXRU, i.e., CRS port virtualization, in phase 2 is discussed. CRS antenna ports are used for UE attachment in phase 1 evaluation; in particular, UE attachment is based on RSRP from CRS port 0 which is associated with the first column with +45 degree pol [1]. In phase 2, if we consider TXRU virtualization model to exploit vertical dimension in 2D array, CRS port virtualization assumption used in phase 1, e.g., [1, 0, 0, 0, 0, 0, 0, 0] for 8TXRU, would provide different CRS beam pattern depending on the TXRU virtualization model. We would like to discuss CRS port virtualization modeling and its designs consideration.
2. Mapping between CRS port and TXRU
It is well-known that antenna port to TXRU mapping is an implementation specific issue. When we consider AAS radio architecture in [2], it seems that there is not any restriction for mapping between antenna ports and TXRUs. This means that it is also possible for radio architecture to have different RDNs for different antenna port types such as CSI-RS and CRS though the feasibility needs to be further investigated. If it is the case, the radio would not have any restriction for CRS beam pattern design, and it could be optimized according to operators’ preference. Since RAN1 does not need to agree on implementation specific issues, it is reasonable to leave CRS virtualization options open unless it affects specification.
For the evaluation purpose, however, different CRS virtualization assumptions may result in different UE attachment and this may cause ambiguity to understand the benefits of FD-MIMO. Therefore, it would be recommended to agree on at least one common CRS port virtualization assumption for evaluation purpose in phase 2.
Observation 1. Mapping between CRS port and TXRU is an implementation specific issue. For phase 2 evaluation purpose, however, it is recommended to agree on at least one common CRS virtualization for UE attachment.

In phase 1, it was agreed that UE attachment is based on RSRP from CRS port 0 which is associated with the first column with +45 degree pol, e.g., CRS port to TXRU mapping with [1, 0, 0, 0, 0, 0, 0, 0] [1]. For CRS port to TXRU mapping in horizontal dimension, it has not changed in phase 2, it is reasonable to reuse previous CRS port virtualization assumption in phase 2 as well, i.e., CRS port is associated to the antenna elements in same column and same polarization.
Proposal 1. For CRS virtualization in horizontal dimension for phase 2 evaluation, reuse CRS modeling in phase 1 as a common evaluation assumption, i.e., CRS port is associated to the antenna elements in same column and same polarization.
2.1. CRS port virtualization modeling
In the following, we would like to discuss CRS port virtualization in vertical dimension. Unlike phase 1 where MTXRU is equal to 1, we may consider the case of multiple MTXRU  in phase 2. (Note that MTXRU is defined in [3]) Figure 1 shows an illustration for CRS virtualization followed by TXRU virtualization when MTXRU is more than one. When there are MTXRU TXRUs which are associated with antenna elements in the same column and the same polarization, CRS port virtualization in vertical dimension can be modeled as a weighting vector, e.g., w = [w1 w2 … wMTXRU]T . 
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Figure 1. CRS port virtualization modeling
2.2. General considerations for CRS port virtualization
We would like to address general considerations when we design CRS port virtualization for phase 2 evaluation purpose. 
2.2.1. Mapping between TXRU and antenna element
CRS beam pattern in vertical dimension would be different according to mapping between TXRU and antenna element, i.e., TXRU virtualization model. It was agreed that this SI considers at least two TXRU virtualization models such as subarray partition model and full connection model [3]. Therefore, CRS port virtualization for both TXRU virtualization models as shown in Figure 2 is needed to be investigated.
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(a) Subarray partition model
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(b) Full connection model


Figure 2. CRS port virtualization with (a) subarray partition (b) full connection TXRU virtualization model
We may simply consider a one-to-one CRS port to TXRU mapping, e.g., w = [1  0  0  …  0  0]T. When the subarray partition model is considered, this approach has a wider CRS beam width than the conventional CRS beam width. It is worth noting that this might result in a smaller directivity of CRS port associated to TXRU and a reduced horizontal coverage. In particular, this problem may be severer if smaller PA is used per TXRU. In the full connection model, on the other hand, each TXRU is associated to all antenna elements in the same column and same polarization [3], which is the same TXRU virtualization assumption as phase 1 in the vertical dimension, i.e., K=M. Therefore, one-to-one CRS port to TXRU mapping with the full connection model, CRS beam pattern would be the same as the beam pattern used in phase 1 where electrical tilting depends on tilting angle of connected TXRU.
Another approach such as one-to-many mapping can also be considered. This approach may result in opposite effects in each TXRU virtualization model. In particular, in the subarray partition model, one-to-many mapping will be considered to have narrower CRS beam width while, in the full connection model, the approach is used for beam widening purpose. 
2.2.2. Performance of FD-MIMO system according to UE attachment
In a FD-MIMO system, since we consider 3D UE dropping, UE attachment may be different according to the CRS beam pattern in the vertical dimension. This may cause differences in terms of system performance such as average or edge performance [4], [5] . If it is the case, it is recommended to further investigate UE attachment according to CRS beam pattern and its impact on performance of FD-MIMO system. 
2.2.3. Impact on Legacy System
While CRS port is used only for UE attachment in the FD-MIMO, there might be legacy UEs who are supported by transmission modes with CRS antenna ports only. If we change the CRS beam pattern from the conventional one, the impact on legacy system should also be carefully considered.
Based on above discussion, we propose to further study CRS port virtualization for phase 2 evaluation.
Proposal 2: For CRS virtualization in vertical dimension in phase 2 evaluations, study various methods of CRS virtualization and consider the following issues:
· TXRU virtualization model

· Performance of FD-MIMO system

· Impact on legacy system
3. Discussion and Conclusion

This contribution has discussed about mapping between CRS port and TXRU and has made the following proposals.

Observation 1. Mapping between CRS port and TXRU is an implementation specific issue. For phase 2 evaluation purpose, however, it is recommended to agree on at least one common CRS virtualization for UE attachment.

Proposal 1. For CRS virtualization in horizontal dimension for phase 2 evaluation, reuse CRS modeling in phase 1 as a common evaluation assumption, i.e., CRS port is associated to the antenna elements in same column and same polarization.
Proposal 2: For CRS virtualization in vertical dimension in phase 2 evaluations, study various methods of CRS virtualization and consider the following issues:

· TXRU virtualization model

· Performance of FD-MIMO system

· Impact on legacy system
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