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1. Introduction
In RAN1 #80bis meeting, the following agreements were made on potential CSI-RS enhancements for EBF/FD-MIMO [1].
	Conclusions:
· Companies are encouraged to provide analysis/evaluation results and detailed design proposals, whose observation(s) may or may not be included in the TR.
· Example issues of encouragement in RAN1 #81 meeting are as follows
· Issues to be studied, depending on a CSI feedback scheme, e.g.,
· For non-precoded CSI-RS based schemes,
· CSI-RS coverage aspects related to CSI-RS reuse pattern
· CSI-RS coverage aspects related to CSI-RS power boosting
· Impairments related to TDM of REs from >2 OFDM symbols, e.g., phase drifting
· Codebook design
· Study ways to support more than 8 CSI-RS ports
· For beamformed CSI-RS based schemes, including hybrid beamformed CSI-RS based schemes,
· Beamforming change on UE-dedicated CSI-RS resource
· CSI-RS resource switching for channel measurement
· Aperiodic beamformed CSI-RS (pooling of CSI-RS resources)
· CSI feedback related to hybrid beamformed and non-beamformed CSI-RS
· Study on the number of beamformed CSI-RS resources
· Impact of increased number of CSI-RS ports and resources on legacy Rel-8/9/10 UEs not supporting muting
· Study the impact of required number of CSI processes
· UE complexity (e.g., memory storage requirement)
· Channel measurement and interference measurement

Agreement:
Definitions for TR:
· Non-precoded:
· This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage.
· Beamformed:
· This category comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions.




In this contribution, we discuss our view on CSI-RS enhancements for more than 8 antenna ports per CSI process to support non-precoded CSI-RS-based schemes.

2. Discussion
In non-precoded CSI-RS-based schemes, in order to facilitate full-port transmission based on 64 TXRUs, up to 64 CSI-RS ports need to be configurable to a UE. From the previous discussion, it seems that a concern on large numbers of TXRUs and CSI-RS ports, e.g. 32 and 64, for non-precoded CSI-RS is the potential CSI-RS coverage loss due to inefficient antenna port virtualization. However, according to the definitions for non-precoded and beamformed CSI-RS in the last meeting, non-precoded CSI-RS also has large freedom in choosing antenna port virtualization schemes. Therefore, the CSI-RS coverage loss is irrelevant to the CSI-RS scheme categorization but depends on which mapping is used between antenna ports and TXRUs and on which CSI-RS pattern is applied. This issue is discussed in details in our companion contribution [2].
Considering that the performance gains of 16 and 32 TXRUs over 8 TXRUs have been shown by companies [3-5], it is desirable that potential new CSI-RS configuration for non-precoded CSI-RS accommodates at least up to 32 CSI-RS ports per CSI process. Moreover, if standard impact is not significant, supporting up to 64 CSI-RS ports would be more advantageous to capture potential FD-MIMO gains especially for hot-spot areas and future deployment scenarios.
Observation 1: CSI-RS coverage loss is irrelevant to the CSI-RS scheme categorization but depends on antenna port virtualization schemes and CSI-RS patterns.
Proposal 1: Potential new CSI-RS configuration for non-precoded CSI-RS accommodates up to 64 CSI-RS ports per CSI process if standard impact is not significant.

In the remaining of the contribution, we discuss potential enhancements on the CSI-RS configuration for more than 8 CSI-RS antenna ports per CSI process. As addressed in [6], the following candidate schemes are on the table.
· Alt. 1: Define new CSI-RS pattern(s)
· Alt. 2: Aggregate existing CSI-RS resources
· Alt. 3: Combine Alt. 1 and Alt. 2

2.1.  New CSI-RS patterns
New CSI-RS pattern(s) for more than 8 CSI-RS ports can be designed based on the legacy up to 8 ports patterns. Basically, Rel-10 design principles can be applied again for the extension, however, some of the properties should be re-investigated:
· Assumption on antenna port to TXRU mapping
· Nested structure
· RE density (currently 1 RE/PRB pair/port)
· CSI-RS resource pool
In Rel-10, antenna virtualization was regarded as a pure implementation issue. Therefore, based on the assumption of ordinary one-to-one mapping for antenna port to TXRU mapping, FDM and CDM(-T) were chosen for multiplexing schemes of different CSI-RS ports. However, in FD-MIMO, as the number of TXRUs increases, the available transmit power of each TXRU decreases. Hence, preserving the channel estimation accuracy becomes more challenging if one-to-one mapping is applied to CSI-RS port virtualization. Nevertheless, if one-to-one mapping is assumed, we should be careful for choosing the CSI-RS port multiplexing schemes. If UE mobility is low, CDM with length-4 OCC can be beneficial since it enables efficient power utilization and has minimum impact on RAN4. Meanwhile, if one-to-many mapping, e.g. the scheme discussed in [2], is assumed for CSI-RS port virtualization, simply TDM or FDM can be chosen.
Observation 2: For extended CSI-RS pattern(s), the choice of ports multiplexing scheme depends on which CSI-RS port virtualization scheme is assumed.

In the current specification, CSI-RS resource pool comprises 40 REs within a PRB pair. This does not allow CSI-RS pattern for 64 ports within a single subframe, and may also not be sufficient for 32 ports [7]. In order to increase the number of REs available for CSI-RS resources, two approaches can be considered:
· Alt. 1a: Extend the CSI-RS resource pool within a PRB pair
· Alt. 1b: Extend the CSI-RS resource pool over multiple adjacent PRB pairs in the frequency domain
Under under the assumption that a CSI-RS pattern is defined within a subframe, if the current CSI-RS RE density is to be kept, Alt. 1a is the only option. In this case, some legacy issues may occur as new RE positions are added to the CSI-RS resource pool. Meanwhile, Alt. 1b reduces the RE density of each CSI-RS port. This method can be motivated by the fact that the subband size is larger than or equal to 2 PRB pairs except 1.4 MHz system bandwidth. However, due to the larger frequency spacing among REs, smaller number of RE samples would participate in the MMSE channel estimator, which may degrade the channel estimation performance. Therefore, further study is needed on the relation between the CSI-RS RE density and the CSI measurement and report accuracy.
Observation 3: Further study on the impact of changing CSI-RS RE density on CSI measurement and report accuracy is needed.

2.2.  Aggregation of existing CSI-RS resources
As another way of signalling CSI-RS configurations for more than 8 ports, the concept of DRS occasion being developed for Rel-12 SCE can be applied. UE can be configured with an aggregation of CSI-RS resources per CSI process with a common periodicity and/or relative subframe offsets. Then, UE can perform channel estimation on each CSI-RS resource and combine all the CSI-RS ports over all the aggregated resources to perform CSI measurement.
The CSI-RS resources to be aggregated can include the legacy resource configurations only (Alt. 2), or may also include new one(s) discussed in Section 2.1 (Alt. 3). To allow arbitrary combinations of CSI-RS resources within a given resource pool (aggregated or not), TDM or FDM (not CDM) is preferred to multiplex different CSI-RS resources. Therefore, also in this approach, which virtualization scheme is assumed is important. Depending on ways to define a CSI-RS resource pool, a couple of alternatives can be considered:
· Alt. 2a: Aggregation within a single subframe
· Alt. 2b: Aggregation over (one or) multiple subframes
· Alt. 2c: Aggregation over (one or) multiple adjacent PRB pairs in the frequency domain
Among the three alternatives, Alt. 2a may require the smallest additional signaling overhead for configuration of aggregated CSI-RS resources since all CSI-RS resources are defined within a PRB pair. However, the same issue as mentioned in Section 2.1, i.e. lack of CSI-RS REs, still exists. On the other hand, Alt. 2b and Alt. 2c can use larger number of REs as CSI-RS resources, from which more flexible configuration of non-zero-power and zero-power CSI-RS resources is possible. However, in this case, if multiple CSI-RS resources are far apart to each other in the time or frequency domain (e.g. red resources and blue resources in Figure 1), the CSI measurement accuracy may be affected by large spacing among REs and/or phase drifts. Examples of CSI-RS resource aggregation based on Alt. 2b and Alt. 2c are shown in Figure 1 and Figure 2, respectively. 4 CSI-RS resources are aggregated over 2 consecutive subframes in Figure 1, and 2 CSI-RS resources are aggregated over 2 adjacent PRB pairs within a subframe in Figure 2.
Regarding the PDSCH rate matching for after Rel-10 legacy UEs, Alt. 2a is expected to have the minimum legacy impact if the existing CSI-RS resource pool is reused. In the case of Alt. 2b and Alt. 2c, for legacy UEs, multiple CSI processes may be required to configure zero-power CSI-RS resources over multiple subframes or multiple PRB pairs. In Alt. 2c, CSI-RS resources need to be more carefully chosen considering issues such as efficiency of legacy UE’s rate matching efficiency and CSI-RS resource sharing with legacy UEs.
Observation 4: CSI-RS resource aggregation has the following characteristics:
· Any (even) number of CSI-RS ports is configurable
· Increased signaling overhead for CSI-RS configuration
· Signaling for multiple CSI-RS resources per CSI process can be shared with beamformed CSI-RS-based schemes
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[bookmark: _Ref410227265]Figure 1. An example of Alt. 2b: aggregation of 4 CSI-RS resources over 2 subframes
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[bookmark: _Ref419064984]Figure 2. An example of Alt. 2c: aggregation of 2 CSI-RS resources over 2 PRB pairs

3. Conclusions
In this contribution, we have discussed potential CSI-RS enhancements for non-precoded CSI-RS-based EBF/FD-MIMO schemes. We suggest the following proposals:
Observation 1: CSI-RS coverage loss is irrelevant to the CSI-RS scheme categorization but depends on antenna port virtualization schemes and CSI-RS patterns.
Observation 2: For extended CSI-RS pattern(s), the choice of ports multiplexing scheme depends on which CSI-RS port virtualization scheme is assumed.
Observation 3: Further study on the impact of changing CSI-RS RE density on CSI measurement and report accuracy is needed.
Observation 4: CSI-RS resource aggregation has the following characteristics:
· Any (even) number of CSI-RS ports is configurable
· Increased signaling overhead for CSI-RS configuration
· Signaling for multiple CSI-RS resources per CSI process can be shared with beamformed CSI-RS-based schemes
Proposal 1: Potential new CSI-RS configuration for non-precoded CSI-RS accommodates up to 64 CSI-RS ports per CSI process if standard impact is not significant.
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