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1. Introduction
In this contribution we address the CSI process and CSI-RS resource definition for elevation BF/FD-MIMO. Note that the following was agreed in RAN1#82 according to R1-154781:
Agreements:

· CSI reporting with PMI
· A CSI process can be configured with either of two CSI reporting classes, A or B (FFS: both A and B): 

· Class A, UE reports CSI according to W=W1W2 codebook based on {[8],12,16} CSI-RS ports

· Class B: UE reports L port CSI assuming one of the four alternatives below

· Alt.1: Indicator for beam selection and L-port CQI/PMI/RI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.2: L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. Total configured number of ports in the CSI process is L.

· Alt.3: Codebook reflecting beam selection and L-port CSI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.4: L-port CQI/PMI/RI. Total configured number of ports in the CSI process is L. (if CSI measurement restriction is supported, it is always configured)

· Note: A “beam selection” (whenever applicable) constitutes either a selection of a subset of antenna ports within a single CSI-RS resource or a selection of a CSI-RS resource from a set of resources

· Note: The reported CSI may be an extension of Rel.12 L-port CSI

· Details such as possible values of L are FFS

· Further down-selection/merging of the four alternatives is FFS

· Study further for CSI measurement restriction

In addition, the following was agreed in RAN1#82 according to R1-154856

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
2. Beamformed CSI-RS based schemes (Alt-1 and Alt-2)
2.1 Cell specific BF CSI-RS based schemes:

Virtual sectorization with BF CSI-RS with a single cell-ID is defined as a category-2 transmission scheme in section 6.1.2 in TR 36.897. The superior performance of such a transmission scheme is also recognized by RAN1 especially for FDD scenarios, and a category-2 transmission scheme has been adopted as the default baseline during the SID performance evaluation phase. Cell specific BF CSI-RS schemes form the natural evolution of a category-2 baseline scheme and constitutes one of the important transmission schemes under consideration for elevation BF/FD-MIMO. It provides an evolution path for category-2 legacy transmission schemes due to CSI-RS coverage, its applicability to a variety of antenna arrays and its ability of allowing to reap system-level performance benefits with lower complexity UEs – as is noted in section 8 in 36.897.

Observation-1: Cell specific BF CSI-RS schemes or Class-B Alt-1 form the natural evolution of a category-2 baseline scheme and constitutes one of the important transmission schemes under consideration for elevation BF/FD-MIMO in Rel-13.
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Figure 1: Illustration of cell specific beamformed CSI-RS based schemes. 4 CSI-RS resources are used in a single cell that are associated with different elevation angles. Each elevation beam is associated with 8 azimuth ports. UE-1 and UE-2 selects the best elevation beam at a fast time-scale. The elevation beams are assumed to change at a much slower time-scale.  
In the cell-specfic CSI-RS based schemes, from the eNB point of view multiple CSI-RS resources are used in the cell – each CSI-RS is associated with a particular beam in the elevation domain. Each UE is configured with multiple CSI-RS resources and the UE provides CSI feedback to enable beam-selection in addition to PMI/RI/CQI feedback for azimuth adaptation. It would be typical to have the beamforming for the CSI-RS to be semi-static in nature with a much larger time-scale than the beam-selection or CQI/PMI/RI feedback periodicity.
In terms of standardization impact, the measurement and feedback for supporting beam selection is the main specification change for cell specific BF CSI-RS based schemes.
In the following we evaluate the performance of two different transmission schemes a) a category-2 transmission scheme assuming a relative RSRP error of 3dB or 6dB b) a Rel-13 enhanced transmission scheme assuming beam-index (BI) selection feedback . The category-2 transmission scheme assigns statically a UE to one of two beamformed CSI-RS resources within the cell – it does not allow a UE to switch between the beams. In addition, the RSRP measurements used for assigning a UE to one or the other beams is degraded by 3 or 6 dB. Note that the RAN4 requirements for relative RSRP error is between 3-6dB. In the enhanced transmission scheme a UE is allowed to provide a wideband beam-index feedback on a long-term basis (assumed every 80ms in the simulations). The UE determines a BI by comparing SU-MIMO (post-receiver) spectral efficiency from the two beamformed CSI-RS resources using respective codebooks. The CQI/PMI/RI feedback from the UE is conditioned on the selected BI. Although small innacuracies are inherent in BI selection as well, it is expected to be much more accurate compared to RSRP as BI selection is not based on receive power but the estimated throughput on the used CSI-RS configurations. Selecting the best beam out of the configured CSI-RS configurations leads to UE complexity savings. From this perspective it is even more important to use the best possible metric in correctly selecting the right beam. In all cases a sub-array architecture is assumed and the TXRU configuration is (2, 4, 2) corresponding to an antenna configuration of (8, 4, 2, 16). The TXRU virtualization weights are length-4 array response vectors pointing at 74, 102 degrees ZOD for 3D-UMi and 85, 113 degrees ZOD for 3D-UMa-200m ISD scenarios respectively. The detailed simulation assumptions are in the Appendix.
Figure 2 and Figure 3 summarize the % gain information which is taken with respect to category-2 baseline assuming 3 and 6 dB RSRP error respectively. It is observed from Figure 2 and Figure 3 that mean UE throughput gain of 15-50% and edge UE throughout gain of 30-120% can be achieved with BI feedback depending on the RSRP error, load and deployment scenario.
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Figure 2: % gains in mean and edge UE throughput of BI feedback scheme compared to category-2 baseline assuming 3dB RSRP error at arrival rates of 3, 3.5, 4. Larger marker size corresponds to larger arrival rates.
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Figure 3: % gains in mean and edge UE throughput of BI feedback scheme compared to category-2 baseline assuming 6dB RSRP error at arrival rates of 3, 3.5, 4. Larger marker size corresponds to larger arrival rates.
Observation-2: It is observed that mean UE throughput gains of 15-50% and edge UE throughout gains of 30-120% can be achieved with Class B Alt-A schemes depending on the RSRP error, load and deployment scenario. The percentage gains are observed to be generally increasing as the system load is increasing.
The simulation results in this section show that a BI feedback based on the measurement of all CSI-RS ports (and IMR) and determined according to post receiver spectral efficiency (similar to CQI/PMI/RI) can provide significant improvement in performance compared to a category-2 baseline. Based on this observation we propose to introduce a beam index feedback for enabling cell specific BF CSI-RS based schemes.

Proposal-1: Consider supporting Class B Alt-1 transmission scheme for enabling cell-specific BF CSI-RS based schemes in Rel-13.
2.2 UE specific BF CSI-RS based schemes: 
One of the transmission schemes for elevation BF/FD-MIMO discussed and evaluated during the SID phase is UE specific BF CSI-RS based schemes. In UE specific beamformed CSI-RS based schemes a CSI-RS beam is tailored towards a particular UE. The beamforming for CSI-RS is naturally in 2D and typically a beamformed CSI-RS resource comprises of 1-2 ports according to the maximum number of layers that is intended to be scheduled to the UE. The UE is expected to provide CQI, RI feedback and port selection/co-phasing feedback – an objective here is to reflect the beamforming and receiver processing gains into the CQI. The challenge here is to control the system wide CSI-RS overhead and to also allow dynamic changes to the beam weights applied to the CSI-RS. Both of these issues can be addressed to a certain extent by appropriate measurement restrictions on CSI-RS and CSI-IM addressed in more details in [1]. Note that UE specific beamformed CSI-RS based schemes are mainly relevant for networks utilizing reciprocity for beamforming the CSI-RS.
Proposal-2: Consider supporting Class B Alt-2 transmission scheme for enabling UE-specific BF CSI-RS based schemes in Rel-13.

From the discussion above it is clear that a cell-specific BF CSI-RS based scheme can be identified as a Class B Alt-1 scheme, a UE specific BF CSI-RS based scheme can be identified as a Class B Alt-2 scheme and a non-precoded CSI-RS based transmission scheme can be identified as a Class A scheme,. Within the scope and timeline of Rel-13 there is no strong motivation to switch dynamically between a Class A and a Class B transmission scheme. In fact the motivation to have the Class A and Class B terminology is merely from a classification perspective, and such  classification is weakened if both Class A and Class B reporting modes are associated with a CSI process at the same time.
Proposal-3: There is no strong motivation for a CSI process to be configured with both Class A and Class B reporting at the same time.
3. CSI process configuration
3.1 Cell-specific BF CSI-RS based schemes:

In order to enable BI determination at the UE to aid cell specific BF CSI-RS based schemes, a UE needs to be configured with multiple NZP CSI-RS resources and a CSI feedback hypothesis needs to be associated to each NZP CSI-RS involved. It is clear that a NZP CSI-RS resource configuration, a codebook and related parameters such as Pc, codebook subset restriction should be associated with the CSI feedback hypothesis. It should also be noted that the beam weights used for beamformed CSI-RS (could be same as TXRU virtualization weights) are semi-static in nature and it forms a semi-static virtual sector – in reality the beam weights could be changing over very long time-periods (hours or days) based on traffic or long-term interference patterns. In addition, the flexibility of forming beams is quite limited due to the physical and electrical limitations of the antenna array. Therefore, in reality, the load associated with each virtual sector associated with a beam could be quite different and the interference experienced by UEs in different virtual sectors could be very different as well. Therefore it is desirable to associate an IMR with each virtual sector (NZP CSI-RS configuration) so that the discrepancy in interference between the virtual sectors is properly reflected in the BI determination. 
Proposal-4: Consider associating an IMR with each virtual sector formed by beamformed CSI-RS in order to properly reflect the interference (experienced in that virtual sector) in beam index (BI) calculation.
Therefore, taking the above aspects into consideration, an interference hypothesis for each cell specific beam can be associated  with a new entity called CSI-resource. A CSI-process is formed by one or more CSI-resources, each of these being further comprised of a NZP CSI-RS resource, a CSI-IM, a codebook, a codebook subset restriction, and Pc. Consequently a CSI-process can be redefined to include multiple CSI-resources – each CSI-resource associated with a virtual sector.

Proposal-5: Consider redefining a CSI-process to include K (K>=1) cell specific beams defined by a new entity (say CSI-resource). Each CSI-resource can be defined by a NZP CSI-RS resource configuration, a CSI-IM configuration, a codebook and related parameters such as a Pc and codebook subset restriction.
It is also reasonable to expect that beamformed CSI-RS transmitted using the same antenna array can be assumed to be quasi co-located with respect to long-term channel properties (with respect to delay spread, Doppler spread, Doppler shift, and average delay). Also other elements such as a ABS subframe configuration, a reporting mode for periodic and aperiodic CSI can be continued to be associated with a CSI-process (and in turn associated with the multiple CSI-resources that are part of the CSI process). 

3.2 UE specific BF CSI-RS based schemes: 

In the case of UE specific BF CSI-RS based schemes each beam is mapped to a port and in that case a single CSI-resource definition can suffice (K=1). In the case of UE specific BF CSI-RS based schemes, a beam is considered to be mapped to a port and as mentioned above, the existing CSI process definition should suffice. In this case, port subset selection and co-phasing feedback should be enabled. A simple way to achieve this is by reusing 2Tx LTE codebook for the case of L=2 and defining a codebook with W1 set to identity and W2 comprising of port subset selection and co-phasing entries for L=4. The existing PMI/CQI/RI feedback framework can be reused for CSI calculation and reporting. The applicability of UE specific BF CSI-RS is limited to low rank transmissions, so a maximum transmission rank of 2 or 4 can be considered to be sufficient.

Note that in order to support time-variation of beamformed CSI-RS, measurement resource restrictions for NZP CSI-RS can be beneficial – this aspect is considered in detail in [1].

Proposal-6: In order to enable UE specific BF CSI-RS based schemes, port subset selection and co-phasing feedback is needed. This can be achieved by defining an appropriate codebook and reusing the existing PMI/CQI/RI feedback framework. The maximum transmission rank can be assumed to be 2 or 4 in this case.
Therefore in summay we propose to consider the following configuration options:
Table 1: Summary of the configuration options for the different transmission schemes

	
	Class B Alt-1
(cell specific BF CSI-RS)
	Class B Alt-2
(UE specific BF CSI-RS)
	Class A 
(non-precoded CSI-RS)

	# of NZP CSI-RSs
	K (same QCL)
	1 (K=1)
	1 (K=1)

	# of IMRs
	K
	1 (K=1)
	1 (K=1)

	# of CSI-Process-r13
	1 (new definition)
	1
	1

	# of Codebooks
	K codebooks, CSR
	1 (K=1)
	1 (K=1)

	# of Beams selected for feedback
	One 
	Based on rank
	NA

	K values (# of beams)
	1, 2, 4
	1
	NA

	L values (# of ports/beam)
	8 (for K=1, 2), 4, 2
	2 (4: FFS)
	16, 12 (8: FFS) 

	Max total number of CSI-RS ports/UE
	16
	2 (4: FFS)
	16, 12 (8: FFS)


4. Conclusion
Observation-1: Cell specific BF CSI-RS schemes or Class-B Alt-1 form the natural evolution of a category-2 baseline scheme and constitutes one of the important transmission schemes under consideration for elevation BF/FD-MIMO in Rel-13.
Observation-2: It is observed that mean UE throughput gains of 15-50% and edge UE throughout gains of 30-120% can be achieved with Class B Alt-A schemes depending on the RSRP error, load and deployment scenario. The percentage gains are observed to be generally increasing as the system load is increasing.
Proposal-1: Consider supporting Class B Alt-1 transmission scheme for enabling cell-specific BF CSI-RS based schemes in Rel-13.

Proposal-2: Consider supporting Class B Alt-2 transmission scheme for enabling UE-specific BF CSI-RS based schemes in Rel-13.

Proposal-3: There is no strong motivation for a CSI process to be configured with both Class A and Class B reporting at the same time.
Proposal-4: Consider associating an IMR with each virtual sector formed by beamformed CSI-RS in order to properly reflect the interference (experienced in that virtual sector) in beam index (BI) calculation.

Proposal-5: Consider redefining a CSI-process to include K (K>=1) cell specific beams defined by a new entity (say CSI-resource). Each CSI-resource can be defined by a NZP CSI-RS resource configuration, a CSI-IM configuration, a codebook and related parameters such as a Pc and codebook subset restriction.

Proposal-6: In order to enable UE specific BF CSI-RS based schemes, port subset selection and co-phasing feedback is needed. This can be achieved by defining an appropriate codebook and reusing the existing PMI/CQI/RI feedback framework. The maximum transmission rank can be assumed to be 2 or 4 in this case.
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Appendix
Table 2: Simulation assumptions

	Parameters
	Values

	Tx power
	41dBm for 3D-UMa 200m, 3D-UMi 200m

	Polarized antenna modeling
	Model -2 from 36.873 [1]

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes 

	Wrapping method
	Geographical distance based

	Metrics
	Mean, 5% UPT

	System bandwidth
	10MHz (50 PRBs)

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

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873 [3]

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

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

	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

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	Transmission scheme
	Based on TM10, single CSI process, dynamic SU-MIMO with rank adaptation

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

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)


