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1. Introduction

In RAN1#80 meeting, the following agreements were made regarding high level categories for potential CSI-RS and feedback enhancements, and potential CSI-RS enhancements related to the number of NZP CSI-RS ports for further evaluation [1]:

	Agreements:
· “High level categories” (sections for the TR) agreed in principle: 

· Potential CSI-RS and feedback enhancements

· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS
Agreements:

· Potential CSI-RS enhancements related to the number of NZP CSI-RS ports for further evaluation (to be captured in the TR):
· For non-precoded CSI-RS, prioritize on antenna port number per CSI-RS resource of 16, 32, 64 for performance evaluations
· Note: It is not a prioritization of CSI feedback scheme and CSI feedback scheme of 2, 4, 8 CSI-RS ports can be considered 
· Increasing the maximum number of NZP CSI-RS ports (>8) for >8 TXRUs per CSI process

· Number of non-precoded CSI-RS ports per CSI-RS resource which is a multiple of 2, e.g. 10

· Note: one CSI-RS port may be mapped onto one or more than one TXRUs
· Note: Another constraint given by SID is the number of TXRUs equals to 8, 16, 32, 64
· Number of beamformed CSI-RS ports per CSI-RS resource can be flexible



It was discussed the number of configurable NZP CSI-RS ports per CSI process may need to be increased if non-precoded CSI-RS-based schemes are considered for FD-MIMO operations. In terms of beamformed CSI-RS-based schemes, however, the number of beamformed CSI-RS ports per CSI-RS resource can be flexible, since each NZP CSI-RS port configured to UE in this case can be precoded across multiple TXRUs so that the total number of NZP CSI-RS ports configured to UE may be much reduced compared to that for non-precoded CSI-RS-based schemes. Considering these aspects, in this contribution we focus on the discussions regarding beamformed CSI-RS based schemes and their potential enhancements.

2. Discussions
2.1. Potential CSI-RS enhancements
For convenience, we use the notation of RE(k,l,n), meaning the location of RE on k-th subcarrier and l-th OFDM symbol, used for the transmission of the n-th CSI-RS port. Considering the applicability of transmit power sharing across subcarriers within the same OFDM symbol, it is possible to boost the RS transmission power on RE(ki,l,ni) and RE(kj,l,nj), when ni-th CSI-RS port is transmitted on RE(ki,l,ni) and nj-th CSI-RS port is transmitted on RE(kj,l,nj), which are frequency division multiplex(FDM)ed each other. This RS power boosting is possible because there is no transmission on RE(ki,l,nj) and RE(kj,l,ni) so that the remaining power can be additionally used for the RS transmissions.

Figure 1 shows an illustration of a CSI-RS power allocation on RE(2,l,15) for the 8-port CSI-RS case, where the NZP CSI-RS port 15 is transmitted on RE(2,l,15), but the other three RE(3,l,15), RE(8,l,15), and RE(9,l,15) are muted in order not to generate interference to other NZP CSI-RS ports, say port 17~22. Thanks to this power muting, such remaining power can be additionally allocated to the actual RS transmission on RE(2,l,15), and the boosted power level here is depicted as 4Ea, where the average energy per resource element(EPRE) is denoted by Ea. Note the reply LS from RAN4 regarding the maximum allowable level of EPREs for a CSI-RS port showed a preference to avoid CSI-RS boosting by 9dB (8Ea) unless sufficient gain can be justified to use it [2].
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Figure 1. Illustration of 6dB RS power boosting for FDMed RS.
Considering such previous studies on RS power boosting and conclusion from RAN4 [2], discussions on CSI-RS enhancements for supporting FD-MIMO should also take this result into account, i.e., the maximum supported number of CSI-RS ports FDMed in a PRB pair should be 4.

Proposal 1: Considering RS power boosting impacts, the maximum supported number of CSI-RS ports FDMed in a PRB pair should be 4.
If we consider up to 16-port CSI-RS resource, even non-precoded 16 CSI-RS ports per CSI-RS resource (as elaborated in our companion contribution [3]) can be designed satisfying the above RS power boosting condition, where 4 FDMed CSI-RS ports and 4 code division multiplex(CDM)ed CSI-RS ports on the same subcarrier can be comprised in the CSI-RS resource, applied with the above 6dB CSI-RS power boosting.

If we consider 32- or 64-port CSI-RS resource, however, it is not feasible to design the corresponding non-precoded CSI-RS ports with satisfying such RS power boosting restriction, when we assume the whole non-precoded CSI-RS ports should be transmitted almost at the same time (e.g., within a couple of OFDM symbols) in order not to cause significant CSI aging [3].
When it comes to beamformed CSI-RS ports, it is always feasible to design 32- or 64-port (or more for future extension) CSI-RS configurations, if the total CSI-RS ports are divided into a couple of “port-groups”, each having differently beamformed CSI-RS ports. For example, taking the total 32 port CSI-RS configuration into consideration, it can be divided into 4 port-groups, each comprising 8-port CSI-RS resource (vertically beamformed with different target vertical beam weights).

That is, UE will measure such total 32 CSI-RS ports, but the UE needs to recognize there are 4 port-groups so that the UE will firstly select the best port-group (based on selection codebook discussed in subsection 2.2) and then do the existing short-term CSI calculation and feedback based on the 8 CSI-RS ports in the selected port-group.

Proposal 2: For CSI-RS enhancements supporting more than 8 CSI-RS ports (e.g., 16, 32, 64, or more for future extension), multiple differently beamformed CSI-RS port-groups are comprised per CSI-RS configuration.

Proposal 3: Different CSI-RS port-groups can be transmitted in different subframes, so that a large number of total CSI-RS ports can be subframe-level TDMed, with satisfying existing maximum 6dB CSI-RS power boosting.

2.2. Potential codebook and CSI feedback enhancements
For convenience, we assume a UE is configured with the total 32 CSI-RS ports for supporting FD-MIMO CSI feedback. As mentioned in the previous subsection, the UE can recognize for example that there are 4 port-groups, each associated with an existing 8-port CSI-RS pattern (as illustrated in Figure 2). The network intends to transmit 4 differently (vertical-)beamformed CSI-RSs per cell, each corresponding to a different port-group. Each UE attached to the cell will perform FD-MIMO CSI feedback, consisting of the following two parts of the CSI feedback chain:

· Part 1: Port-group selection feedback based on corresponding selection codebook.
· Part 2: Horizontal short-term CSI feedback based on existing constant-modulus codebook.
Periodicity of Part 1 vertical beam selection feedback can be relatively long, compared to that of Part 2 existing horizontal feedback. CQI feedback is only carried by Part 2 existing feedback.

Regarding RI and PMI feedback, it needs to be first investigated whether UE is allowed to select more than one port-group. Assuming this is the case for a generalized structure, UE calculates and reports FD-MIMO composite precoder 
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Here, 
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 is selected by the existing constant-modulus codebook. 
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, representing how many port-groups are selected by UE. 
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is a selection vector, representing the selected r-th port-group. 
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corresponds to an existing horizontal precoding matrix which is selected on the CSI-RS ports only within the r-th selected port-group.

If we denote the rank of 
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Hence, the total rank is the summation of each horizontal rank 
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Figure 2. Existing 8-port CSI-RS patterns in a PRB pair.
In the following, we provide evaluation results for comparison between long-term and dynamic vertical feedback with existing horizontal feedback. The long-term vertical feedback case can be regarded as baseline Category 2 with virtual sectorization [4], and the dynamic vertical feedback case is related to the proposed scheme with a restriction of vertical rank 1 as a special case. As in Figure 2, we consider the total 32 antenna elements for 2D-AAS, and assume one to one mapping between TXRUs and antenna elements.
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Figure 2. An illustration of 2D-AAS antenna configuration.
Table 1 is the simulation results comparing long-term and short-term based vertical feedback. Note that vertical beam selection margin of 3dB [5] is applied for Long-term vertical feedback.

Table 1. Performance comparison between long-term and dynamic vertical feedback
	
	UE average Throughput (kbps)
	5% UE throughput (kbps)

	Long-term vertical feedback
	3007(100%)
	641(100%)

	Dynamic vertical feedback
	3165(111%)
	743(116%)


As seen in the table, the performance of dynamic vertical feedback case is slightly better than long-term vertical feedback case, especially at 5% UE throughput. As described in [6], vertical channel variance is expected to be small, so the dynamic channel adaptation seems not so efficient in this case. However, it needs to be further investigated in environments with larger vertical channel variance (e.g., HetNet scenarios), or in cases of no vertical rank restriction (e.g., 
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 can be more than 1), also with more than 2 UE Rx antenna cases.

Proposal 4: Performance of dynamic vertical feedback cases needs further investigations in various environments.
3. Conclusion
In this contribution, we discussed enhancements on codebook and feedback mechanism for supporting EB and FD-MIMO. The proposals based on the discussion are given as follow:
Proposal 1: Considering RS power boosting impacts, the maximum supported number of CSI-RS ports FDMed in a PRB pair should be 4.

Proposal 2: For CSI-RS enhancements supporting more than 8 CSI-RS ports (e.g., 16, 32, 64, or more for future extension), multiple differently beamformed CSI-RS port-groups are comprised per CSI-RS configuration.

Proposal 3: Different CSI-RS port-groups can be transmitted in different subframes, so that a large number of total CSI-RS ports can be subframe-level TDMed, with satisfying existing maximum 6dB CSI-RS power boosting.

Proposal 4: Performance of dynamic vertical feedback cases needs further investigations in various environments.
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 Appendix A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 8 x 2 x 2 (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	Number of UEs per cell
	10

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	Full buffer

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-8 4tx horizontal codebook, 4-bit vertical selection codebook

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.
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