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1. Introduction

Based on the conclusion captured in TR 36.897, a new work item ‘Elevation Beamforming/Full-Dimension (FD) MIMO for LTE’ was approved for Release 13 in RAN #68 meeting [1]. According to the WID on EB/FD-MIMO, RAN1 will specify the following enhancements on the WI:
· Specify enhancements on reference signal in the following areas
· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Beamformed CSI-RS

· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
· Specify enhancements on CSI reporting in the following areas

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

In this contribution, addressing to the above second main bullet point, i.e. the CSI reporting enhancements, we provide a FD-MIMO deployment scenario which likely many operators would apply in practice, and then propose to take into account such FD-MIMO deployment scenario when RAN1 specifies enhancements on CSI reporting.
2. FD-MIMO Deployment Scenario
For LTE deployment, eNB structures which consist of digital unit (DU) and radio unit (RU) have been adopted by many operators in practice. Such eNB structures are comprised of:

· DU: perform eNB’s baseband functions such as RRM, RRC, PDCP, RLC, MAC, and PHY.

· RU: deal with RF transmission/reception to/from UEs in a certain cell area via antenna ports (AP). 
· Fronthaul connection: DU has more than one connection ports each of which is connected to a specific RU by fronthaul
Figure 1 shows an example of such DU-RU structure, where one DU carries out baseband processing to support four cell areas (Area 1 through 4) served by four RUs, respectively. Each RU has two antenna ports and is connected to one connection port of the DU by fronthaul. 
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Figure 1: DU-RU structure in current LTE deployment
It is well known that such DU-RU structure can provide the following benefits especially in case fibre infra is already well equipped:
· Lower expansion costs

· Reduced maintenance costs

· Centralized & cooperative processing between multiple cells

When FD-MIMO is deployed in real networks, the above benefits of such DU-RU structure would still be valid. That is, cost reduction and centralized processing could also be achieved when a DU which can support FD-MIMO is connected to multiple RUs which have FD-MIMO features, i.e. a large number of TxRUs and 2D antenna array. However, in our view, at initial phase of deployment, only one or two hotspots of the multiple areas where one DU  covers would be serviced with FD-MIMO features while the other areas would still be served by the legacy, i.e. 1Tx or 2Tx, features In other words, the number of RUs which can support FD-MIMO per DU will gradually increase such that only one or two connection ports of FD-MIMO DU would be linked to FD-MIMO capable RUs at the initial phase even though all of the connection ports of the DU can support FD-MIMO.
Having discussed above, it is observed that
Observation 1:
· When FD-MIMO is deployed in practice, the benefits of DU-RU structure would still be valid
· At initial phase of FD-MIMO deployment, only one or two hotspots of the multiple areas where one DU  covers would be serviced with FD-MIMO features while the other areas would still be served by the legacy features as shown in Figure 2
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Figure 2: FD-MIMO deployment in DU-RU structure
3. Discussion on Initial Phase of FD-MIMO Deployment
1.1 Deployment
During the above mentioned initial phase of FD-MIMO deployment, it would be useful if multiple antenna ports linked to a single DU connection port can cover multiple serving areas in distributed way. An example of such DU-RU connection is shown in Figure 3 where one connection port of the DU is connected to three RUs among which one has two antenna ports and each of the others has a single antenna port. In the example, different RUs are mapped to different APs. The RUs in Area 2, 3, and 4 use APs 15-16, AP 17, and AP 18, respectively. 
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Figure 3: Connection between multiple RUs and a single DU connection port
Such DU-RU connection in Figure 3 could provide the following benefits compared to the one-to-one connection between DU connection port and RU such as in Figure 2:

· Benefit 1: The capability of FD-MIMO DU which can simultaneously process multiple data streams based on MU-MIMO could be utilized as much as possible

· Benefit 2: Legacy RUs can be reused as much as possible even when FD-MIMO DUs are deployed in network
One of the candidate techniques which could provide the performance improvement using FD-MIMO is multi-user multiplexing in spatial domain, i.e. MU-MIMO. In other words, the 2-dimesional antenna array and the larger number of TXRUs for FD-MIMO could be utilized to separate the signals for different UEs allowing multiple UEs to be co-scheduled in MU-MIMO manner. Therefore, one of the most important capabilities of FD-MIMO DU should be to process multiple data streams simultaneously. If such DU-RU connection in Figure 3 is supported, as mentioned in the above Benefit 1, the capability of FD-MIMO DU which can simultaneously process multiple data streams could be utilized as much as possible. In case of the one-to-one connection in Figure 2, three of the four areas (Area 2, 3, 4) cannot fully utilize such DU capability.

One scenario which takes advantage of Benefit 2 is shown in Figure 4 where one RU for macro area supports FD-MIMO while three different indoor floors which are linked to the same DU connection port reuse legacy 1Tx or 2Tx RUs.
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Figure 4: Example of FD-MIMO deployment
Observation 2:
· A At initial phase of FD-MIMO deployment, it would be useful if multiple antenna ports linked to a single DU connection port can cover multiple serving areas in distributed way as shown in Figure 3 and 4
· Such DU-RU connection in Figure 3 and 4 would provide benefits to utilize network resources as much as possible
1.2 Specification Support
In order to realize such deployment depicted in Figure 3 and 4, it is important for DU to track which area served by a specific RU a UE is located in. One candidate specification support for such area tracking would be UE’s feedback report for an index representing selection of subset of ports and RI/PMI/CQI based on the selected subset of ports, which is a similar way to scheme 2 of Section 6.2.1.1 in TR 36.897 [2]. Additionally, there might be multiple alternative approaches to provide the area tracking in such deployment. Therefore, we propose that

Proposal: RAN1 should take into account the FD-MIMO deployment scenario in Figure 3 and 4 when specifying enhancements on CSI reporting.
4. Conclusions
In this contribution, we discuss a FD-MIMO deployment scenario which likely multiple operators would apply in practice. Based on the discussion, it is observed that

Observation 1:
· When FD-MIMO is deployed in practice, the benefits of DU-RU structure would still be valid
· At initial phase of FD-MIMO deployment, only one or two hotspots of the multiple areas where one DU  covers would be serviced with FD-MIMO features while the other areas would still be served by the legacy features as shown in Figure 2

Observation 2:
· At initial phase of FD-MIMO deployment, it would be useful if multiple antenna ports linked to a single DU connection port can cover multiple serving areas in distributed way as shown in Figure 3 and 4
· Such DU-RU connection in Figure 3 and 4 would provide benefits to utilize network resources as much as possible
Then, it is proposed that

Proposal: RAN1 should take into account the FD-MIMO deployment scenario in Figure 3 and 4 when specifying enhancements on CSI reporting.
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