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1. Introduction

In RAN1#82 meeting, following agreements are made regarding CSI process configuration and non-precoded CSI-RS design:
	Agreements:
· A CSI process is associated with K CSI-RS resources/configurations (per definition in 36.211), with Nk ports for the kth CSI-RS resource (K could be >=1)

· Note: it is up to RAN2 to design the signaling configuration structure to support the above association

· Maximum value of K is FFS

· Maximum total number of CSI-RS ports in one CSI process 
· For CSI reporting class A, the Maximum total number of CSI-RS ports is 16

· FFS the maximum total number of CSI-RS ports in one CSI process is for CSI reporting class B

· For the purpose of RRC configuration of CSI-RS resource/configuration

· For CSI reporting Class A, RAN1 will choose one of the alternatives 

· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 

· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)

· FFS on the schemes for aggregation and port indexing

· FFS between fixed or configurable value(s) for Nk

· For CSI reporting class B, FFS for details

· Note: It is possible to extend the value of Nk: in future releases

· FFS by RAN1 on the configuration restriction of using same CSI-RS resource/configuration parameters within one CSI process (e.g. Nk , Pc, CSR, scrambling ID, subframe config., etc.) 

· FFS on the QCL on CSI-RS ports

· Inform RAN2 about the above decision to start RRC signaling structure discussion
Agreements:
· Design principle for 12- and 16-port NZP CSI-RS resources in Rel-13: 

· CSI-RS density of 1RE/RB/port is maintained
· FFS on lower density
· Only existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources

· 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe
· FFS on configuration details
· FFS on CDM length

· FFS on improvement of 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs

· FFS on CSI-RS transmission in DwPTS


In this contribution, we discuss the details on non-precoded CSI-RS designs. 
2. Discussion on CSI-RS design principles

As identified in the last meeting, there are two alternatives on non-precoded CSI-RS design approaches:

· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1).
· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)
· FFS on the schemes for aggregation and port indexing
· FFS between fixed or configurable value(s) for Nk
On the one hand, Alt.1 means at least one new CSI reference signal configuration, e.g., 16 port case, is to be added and fixed in the specification. In this case, K=1 is always applied for the corresponding CSI process configuration when Class A is indicated in the configuration. Alt.1 has a merit that the cases of UE implementation would be minimized, and the enhancements can be easily incorporated in the existing tables of specification.

On the other hand, Alt.2 allows more flexibilities than Alt.1 in RRC configuration with K(>1) CSI-RS resources, where these multiple CSI-RS resources are aggregated to be measured by UE at once, to perform corresponding CSI reporting Class A. Although Alt.2 has the merit of network flexibility in aggregating K CSI-RS resources, it should be carefully considered to have proper restrictions in CSI-RS configuration.
In our view, decision on whether RAN1 specification follows Alt.1 or Alt.2 would depend on firstly agreeing on the relevant design principles including:
· In case of Alt.1, whether CDM length 2 is retained

· In case of Alt.1, whether same RE distribution pattern, determined by shifting RE location from indicated (k’, l’), is maintained within a CSI-RS resource
· How far any two ports within a CSI-RS resource can be spread in time domain (within one subframe) considering performance degradation due to phase drift

· In case of Alt.2, which of legacy 2-, 4- or 8-port based aggregation is allowed

CDM length 2 should be baseline as it has a merit that legacy implementation can be maintained. If satisfactory performance is observed for certain non-precoded CSI-RS designs [1] even though power de-boosting factor is applied in CSI-RS transmissions, CDM length 2 can be retained for Rel-13 with minimizing specification impacts. If not, however, CDM length 4 can be considered to boost up CSI-RS transmitting power by the extended CDM, as long as CSI-RS measurement accuracy is not deteriorated especially when CDMed REs are too separated in time and/or frequency domain, depending on considered CSI-RS design patterns.
Regarding whether same shifted RE location patterns from indicated (k’, l’) is maintained within a CSI-RS resource, it depends on a targeting cell-reuse factor, e.g., 2 or 3, within one subframe, as well as tolerability in time-domain spreads of RE locations in a CSI-RS resource, related to the phase drift issue.

In the following sections, the third and fourth bullet on the design principle will be analyzed with corresponding simulations, respectively.

3. Evaluation on tolerability with time-domain phase drift
In this section, we provide performance evaluation results to verify the impact of phase drift with (4, 2, 2, 16) antenna configuration, with considering total 16 CSI-RS ports. The codebook design option 1 in our companion contribution [2] is assumed in this evaluation. Detailed evaluation assumptions are listed in Annex A. 
Table 1 exhibits the mean and 5% UE throughput performance with various time-domain distance values between two 8-ports group. It is assumed that the phase offset value is generated from uniformly distributed random variables with the maximum frequency offset of ±0.1ppm (±200Hz for 2GHz). Note that in the case of system with larger frequency spectrum such as 3.5GHz, the impact of phase drift becomes larger. Also, we assume the simulated time-domain distance between two 8-port groups are 4-, 7-, 14-, 28- OFDM symbols, respectively, where each 8-port group is assumed to be mapped to the antennas with the same polarization. 
As shown in the Table 1, the loss due to the phase drift is up to 0.86% and 2.65% for mean UE and 5% UE throughput, respectively, when the time difference is given by 4 OFDM symbols. In the 7-OFDM symbols case corresponding to the maximum separation for the legacy CSI-RS configuration within a single subframe, the loss becomes up to 1.83% and 5.39% for mean UE and 5% UE throughput, respectively. Obviously, the larger time difference provides the larger performance loss. Considering performance loss, it can be concluded that the maximum time difference between any ports within the same CSI-RS resource shall not be larger than 0.28ms, based on the evaluation.
Proposal 1: Maximum time difference between any configured ports within a CSI-RS resource shall not be larger than 0.28ms, considering significant performance degradation due to phase drift.
Table 1: Performance comparison for (4, 2, 2, 16)

	Time-domain distance between two 8-port groups
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	0 OFDM symbols
(No phase drift)
	3.147
	
	0.885
	
	2.963
	0.27
	2

	
	2.199
	
	0.352
	
	1.747
	0.53
	3

	
	1.535
	
	0.115
	
	0.930
	0.79
	4

	4 OFDM symbols
(0.28ms)
	3.137
	-0.31%
	0.870
	-1.74%
	2.920
	0.27
	2

	
	2.180
	-0.86%
	0.342
	-2.65%
	1.717
	0.53
	3

	
	1.531
	-0.31%
	0.114
	-0.52%
	0.922
	0.79
	4

	7 OFDM symbols
(0.5ms)
	3.128
	-0.61%
	0.868
	-1.95%
	2.941
	0.27
	2

	
	2.169
	-1.33%
	0.335
	-4.72%
	1.709
	0.54
	3

	
	1.507
	-1.83%
	0.109
	-5.39%
	0.907
	0.8
	4

	14 OFDM symbols
(1ms)
	3.064
	-2.63%
	0.828
	-6.42%
	2.817
	0.28
	2

	
	2.072
	-5.77%
	0.302
	-14.17%
	1.587
	0.56
	3

	
	1.431
	-6.80%
	0.093
	-19.57%
	0.800
	0.82
	4

	28 OFDM symbols
(2ms)
	2.874
	-8.37%
	0.642
	-26.16%
	2.581
	0.31
	2

	
	1.773
	-18.65%
	0.165
	-51.78%
	1.223
	0.67
	3

	
	1.237
	-19.20%
	0.050
	-56.21%
	0.530
	0.88
	4


4. Evaluation on legacy 2-, 4-, 8-port based aggregation
According to CSI-RS port-to-antenna mapping, there are two cases where the phase drift took place, continuing the discussion from the previous section.
· Case 1: Each of 8-port group is mapped to the antennas with the same polarization. Hence, the phase drift occurs between the two 8-port groups, each having a different polarization.
· Case 2: Each of 8-port group is mapped to the antennas with partially different polarizations, e.g., the first 4 ports in the first and second groups are mapped to the antennas with the same polarization. 
Table 2 compares the performance of such two cases for (4, 2, 2, 16) antenna arrays with assuming 0.5ms time difference between two 8-port groups. As shown in Table 2, Case 1 provides at most 3.36% and 5.70% gain over Case 2 in terms of mean and 5% UE throughput, respectively. 
Proposal 2: CSI-RS ports mapped to the same polarization shall be transmitted with 2 adjacent OFDM symbols, and CSI-RS ports mapped to another polarization can be transmitted in different OFDM symbols, with satisfying the maximum time-domain separation up to 0.28ms.
Table 2: Performance comparison for (4, 2, 2, 16) with 0.5ms time difference
	Time-domain distance between two 8-port groups
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Case 1
	3.128 
	
	0.868 
	
	2.941 
	0.27
	2

	
	2.169 
	
	0.335 
	
	1.709 
	0.54
	3

	
	1.507 
	
	0.109 
	
	0.907 
	0.8
	4

	Case 2
	3.076 
	-1.64%
	0.846 
	-2.54%
	2.837 
	0.28
	2

	
	2.108 
	-2.82%
	0.316 
	-5.73%
	1.633 
	0.55
	3

	
	1.457 
	-3.36%
	0.103 
	-5.70%
	0.857 
	0.8
	4


The proposal 2 provides insights to 12- and 16-port non-precoded CSI-RS designs if an aggregation among legacy CSI-RS resources is to be considered as Alt.2. As mentioned above, 16-port CSI-RS can be aggregated with two 8-port legacy CSI-RS resources. For 12-port design, we may consider the aggregation of three 4-port CSI-RS resources in different OFDM symbols. However, in that case, power imbalance among 4-port may be encountered as in [4]. 
5. Proposed CSI-RS designs 
Based on the above discussion, the proposed CSI-RS designs for 16 and 12 ports are depicted in the following figures. 
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Figure 1. Example of proposed 16-port non-precoded CSI-RS
In Figure 1, the proposed pattern has a merit that it can be easily multiplexed with legacy CSI-RS patterns in the same subframe. For example, if a cell uses one 16-port CSI-RS pattern#1 for CSI-RS transmission, adjacent cells can employ another 16-port CSI-RS pattern#2 or some of legacy CSI-RS patterns for CSI-RS transmission, where it is assumed proper ZP CSI-RS configurations are also used for the cells to protect each NZP CSI-RS transmission. Compared to the 16-port CSI-RS pattern#1, the pattern#2 employs 16 REs within 4 OFDM symbols where each of 2 consecutive OFDM symbols is separated by 3 OFDM symbols (0.21ms). This causes residual frequency offsets, and thereby the phase drift in time domain may impact the channel estimation performance among antennas transmitting CSI-RS ports on different OFDM symbols. 
According to the proposal 1, we may consider the 16-port design with a combination of shifted version of two 8-port CSI-RS resources in frequency domain as shown in Figure 2. Although two patterns may experience phase drift, the loss may be marginal as shown in Table 1. 
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Figure 2. Example of proposed 16-port non-precoded CSI-RS

Figure 3 and 4 show a proposed design with 12-port non-precoded CSI-RS patterns. In Figure 3, pattern#1 employs 12 REs in 2 OFDM symbols and pattern#2 and #3 use 12 REs within 4 OFDM symbol, and thereby the cell reuse factor can be 3. Figure 4 presents an example that the shifted version of two 8-port CSI-RS resources in frequency domain as in Figure 2 can be applied to the 12-port CSI-RS design.
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Figure 3. Example of proposed 12-port non-precoded CSI-RS 
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Figure 4. Example of proposed 12-port non-precoded CSI-RS 
Proposal 3: Consider down-selections among the proposed 12- and 16-port non-precoded CSI-RS design options. 

6. Conclusion
In this contribution, we discussed 12 and 16 port non-precoded CSI-RS design for supporting EBF/FD-MIMO. The proposals based on the discussion are given below:
Proposal 1: Maximum time difference between any configured ports within a CSI-RS resource shall not be larger than 0.28ms, considering significant performance degradation due to phase drift.
Proposal 2: CSI-RS ports mapped to the same polarization shall be transmitted with 2 adjacent OFDM symbols, and CSI-RS ports mapped to another polarization can be transmitted in different OFDM symbols, with satisfying the maximum time-domain separation up to 0.28ms.
Proposal 3: Consider down-selections among the proposed 12- and 16-port non-precoded CSI-RS design options. 
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Annex A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 4 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

	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 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) [5]

	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
	CQI, PMI and RI reporting triggered per 10ms

	
	Feedback delay is 5 ms 

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

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

	Wrapping method
	Geographical distance based

	Metrics
	Average UE throughput, 5% UE throughput.
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