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1 Introduction
In RAN1#79, the mechanism to determine the gain of enhanced 2D antenna array (‘2DAA’) schemes was defined, which compares a baseline case to an enhancement:
· For a given antenna array configuration, an enhancement proposal that requires specifications change should at least be provided with the following:
· A baseline case
· A baseline is considered to have no specification impact to Rel-12 and providing the best tradeoff among various factors e.g. performance, complexity, overhead, etc achievable using Rel-12 specifications
· An enhancement case
· An enhancement is considered to have specification impact to Rel-12
· The enhancement case should at least be evaluated against the baseline case, where the comparison should consider not only performance benefits, but also other factors e.g., complexity, overhead, etc.
· Antenna array configuration is given by the parameters {M,N,P,Q}
· Baseline and Enhancement cases assume the same values for M, N, P, Q 
· 1D TXRU virtualization: The total number of associated TXRUs:  Q= MTXRU * N * P according to TXRU model-1 (as defined in RAN1#78bis)
· 2D TXRU virtualization: The total number of TXRUs Q should be described by the proponent
Because the baseline and enhancement cases are defined pairwise according to the antenna array configuration and virtualization, a number of baseline cases are needed.  In this contribution, we evaluate a variety of antenna configurations using 8 TXRUs as potential baselines, including arrays having from 1 up to 16 columns.  Results are also provided for a larger number of TXRUs that demonstrate the need for additional TXRUs to enable the gains of larger horizontal arrays.
2 Discussion on Baseline Schemes

A number of baseline schemes have been proposed in the email discussion [79-08] following RAN1#79.  In this section, we briefly summarize them and identify some areas that might be further clarified in order to have a common understanding and allow better comparison of results.
1. Single CSI process, Fixed CSI-RS Virtualization (e.g Ericsson, Huawei)
· Elements are virtualized in a fixed way, and each CSI-RS is one-to-one mapped to each TXRU.

· A single CSI process is used with up to 8 CSI-RS. The arrays may be purely horizontal, purely vertical, or 2D.

Comments:

· Using a single CSI process with a fixed CSI-RS virtualization implies that 8 CSI-RS ports can be measured per UE.  It can be a reasonable baseline and is the mode of operation for Rel.10 terminals as well. What needs to be clarified in some proposals is the used downtilt.
2. Two CSI processes, mapped vertically and horizontally, Fixed CSI-RS Virtualization (e.g. Samsung)
· Elements are virtualized in a fixed way, and each CSI-RS is one-to-one mapped to each TXRU.

· One vertical and one horizontal CSI process are used, each with up to 8 CSI-RS ports per process. 

Comments:

· As discussed in [1], the CQI report in each CSI process only reflects transmission from part of the array, which prevents the UE from estimating the correct rank, PMI and CQI/SINR that it would have on PDSCH when transmitted on the entire array. Therefore, the eNB will need to combine the two CQI reports and somehow compensate for the differences in array gain. In order to have good alignment between companies’ results, some common understanding of how the eNB does this compensation should be reached.

3. One CSI process per UE, Vertically beamformed CSI-RS (e.g CATT)
· TXRUs are transparently beamformed to form a single vertical CSI-RS port
· Adjacent vertical elements are virtualized K at a time forming S=M/K subarrays.  Each subarray is connected to one TXRU.  The S TXRUs are then virtualized together to form a vertical CSI-RS port.
· A single CSI process is used with up to 8 CSI-RS.  The arrays may in general be purely horizontal, purely vertical, or 2D.
· Vertical CSI-RS beams are assigned to the UE based on RSRP or reciprocity.

Comments:

· In general, these schemes may require CSI-RS reconfiguration as they move between vertical beams.  This means that a common understanding of beam selection and reconfiguration mechanisms is needed.  In particular:

· A reciprocity model is needed for this scheme to evaluate the performance of reciprocity based CSI-RS assignment at least for FDD.  One such model is proposed in [2].
· If an RSRP measurement is used, the configuration of the CSI-RS used for the RSRP measurement should be provided.
· The impact on latency and eNB-UE ambiguity during RRC reconfiguration needs to be analyzed.
4. One or two CSI processes per UE, Vertical sectors (e.g Nokia Networks)
· A shared cell with two vertical sectors sharing one cell ID is used with a CRS port 0 of each vertical sector mapped to all antenna elements in a column.
· All elements in a column are virtualized together in a fixed way to produce the two vertical sectors.  Each vertical sector has an independent CSI resource.
· A single CSI process per vertical sector is used with up to 8 CSI-RS.  The arrays may be purely horizontal, purely vertical, or 2D.

Comments:

· The method is described as using vertical sectorization, but maps CRS to all elements (fully connected) in an antenna column.  In our understanding this means that one cell ID is used.  This should be verified, as this may affect e.g. affect the CRS configuration. Also, the impact of transmitting the same signal (CRS port 0) over the same set of antennas with two different weight vectors should be analyzed. Furthermore, it is unclear whether the UE reports CSI for both sectors (using two CSI processes) or one sector and if the scheduler is allowed to schedule both sectors simultaneously. 
Proposals:

· Baseline schemes needs to be further clarified at least with respect to the following aspects:

· The used downtilts

· How the two CQI reports are combined in eNB when vertical and horizontal CSI processes are used

· How CSI-RS resources are configured when RSRP is used to select beamformed CSI-RSs
· If one shared cell ID is used for the two sectors in vertical sectorization and whether UEs use one or two CSI processes
· A reciprocity model such as [2] is defined to allow evaluation of e.g. which beamformed CSI-RS to assign a UE to in FDD

3 Proposed Baseline Configurations and Performance
Table 1 below lists a few baseline configurations using 8 TXRUs with 1, 2, 4, 8, or 16 columns as well as two 6 TXRU configurations, one with 6 rows and one column, and the other with 6 columns and 1 row. Baseline schemes for other configurations will be updated later. For all array configurations:

· A single vertical sector is used.
· Virtualized elements are adjacent and copolarized (for both vertical and horizontal virtualization)

· Vertical virtualization uses DFT weights

· CSI-RS to TXRU virtualization uses a one to one mapping (i.e., there is one CSI-RS per TXRU).

· As in Rel-10, CSI-RS indexing is grouped by polarization; port 15-18 are co-polarized and port 19-22 are co-polarized.
· CRS port 0 and CSI-RS port 15 are virtualized the same way  

· When {2,4} element horizontal virtualization is used, the first {2,4} columns are combined.
Table 1: 8 TXRU Baseline Configurations

	Antenna array configuration (M, N, P, Q)
	(8,1,2,8)
	(8,2,2,8)
	(8,4,2,8)
	(4,8,2,8)
	(2,16,2,8)

	# Vertical x 

# Horizontal 

CSI-RS ports

per polarization
	4V x 1H
	2V x 2H
	1V x 4H 
	1V x 4H 
	1V x 4H

	Horizontal Virtualization Weights
	None
	None
	None
	[1 1]
	[1 1 1 1]

	Subarray tilt (degrees)
	UMi: 130

UMa: 122
	UMi: 108

UMa: 108
	UMi: 100

UMa: 100
	UMi: 108

UMa: 108
	UMi: 130

UMa: 122

	CSI-RS port indexing
	As in Rel-10
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	As in Rel-10
	As in Rel-10
	As in Rel-10

	Array configuration & subelement grouping
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Table 2: 6 TXRU Baseline Configurations

	Antenna array configuration (M, N, P, Q)
	(6,1,2,6)
	 (1,6,2,6)

	# Vertical x 

# Horizontal 

CSI-RS ports

per polarization
	3V x 1H
	1V x 3H

	Horizontal Virtualization Weights
	None
	[1 1]

	Subarray tilt (degrees)
	UMi: 130

UMa: 122
	
N/A

	CSI-RS port indexing
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	Array configuration & subelement grouping
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Baseline simulation results are provided below for the above 8 TXRU configurations at a resource utilization of 50%.  The (8,1,2,8) system is considered the reference scheme and the gains are presented in relation to that. As can be seen from the results, increasing the number of horizontal elements generally leads to a stronger baseline.  
The performance steadily increases with the number of columns from 1 to 8 columns.  However, the performance of 16 columns is markedly worse than 8 columns.  This is essentially due to a limit on the number of TXRUs, since the additional columns must be virtualized, and a fixed virtualization will tend to degrade performance (especially with a larger number of elements).  An increased number of TXRUs therefore enables the gain of larger horizontal arrays to be realized, as can be seen from the 32 TXRUs results where the performance is substantially better than 8 columns. The same effect is also seen for the (4,8,2) antenna; the gains for using 16 TXRUs compared to 8 TXRUs for this antenna configuration are quite substantial. 
Table 3. UMa simulation results for 8, 16, and 32 TXRUs at a resource utilization of 50%. 
	Antenna array configuration (M, N, P, Q)
	(8,1,2,8)
	(8,2,2,8)
	(8,4,2,8)
	(4,8,2,8)
	(4,8,2,16)
	(2,16,2,8)
	(2,16,2,32)

	Setup per polarization
	4V x 1H
	2V x 2H
	1V x 4H
	1V x 4H
	1V x 8H
	1V x 4H
	1V x 16H

	Cell-edge user-throughput gain
	0%
	64%
	142%
	116%
	175%
	43%
	196%

	Mean user-throughput gain
	0%
	30%
	54%
	46%
	61%
	22%
	67%


Table 4. UMi simulation for 8, 16, and 32 TXRUs results at a resource utilization of 50%. 
	Antenna array configuration (M, N, P, Q)
	(8,1,2,8)
	(8,2,2,8)
	(8,4,2,8)
	(4,8,2,8)
	(4,8,2,16)
	(2,16,2,8)
	(2,16,2,32)

	Setup per polarization
	4V x 1H
	2V x 2H
	1V x 4H
	1V x 4H
	1V x 8H
	1V x 4H
	1Vx16H

	Cell-edge user-throughput gain
	0%
	16%
	21%
	39%
	99%
	-13%
	124%

	Mean user-throughput gain
	0%
	8%
	14%
	22%
	39%
	1%
	47%


Observation: Increasing the number of antenna columns for 8 TXRUs gives a steady increase in user throughput performance up to the point where the system becomes “TXRU limited” in which case increasing the number of TXRUs further improves the performance substantially. 
The performance of the 1 row, 6 column array configuration from Table 2 is shown below using Rel-10 and enhanced CSI feedback.   In the baseline scheme, the UE reports Rel-10 CSI using 8 CSI-RS ports, but the eNB transmits on only the 6 CSI-RS ports shown in Table 2. The simulations of enhanced CSI feedback use a Rel-10 type of codebook that is extended to 12 CSI-RS ports (and has the same structure as for the 16 and 32 TXRU simulations above).  As can be seen from the results, the performance of Rel-10 feedback degrades significantly when the antenna configuration does not match the CSI feedback: mean and cell-edge user throughput decrease by 19-24% and 56-69%, respectively.

Table 5. UMa and UMi simulation results for 6 and 12 TXRUs at a resource utilization of 50%. 
	
	UMa
	UMi

	Antenna array configuration (M, N, P, Q)
	(1,6,2,6)
	(1,6,2,12)
	(1,6,2,6)
	(1,6,2,12)

	Setup per polarization
	1V x 3H
	1V x 6H
	1V x 3H
	1V x 6H

	Cell-edge user-throughput gain
	0%
	69%
	0%
	56%

	Mean user-throughput gain
	0%
	24%
	0%
	19%


Observation: Rel-12 CSI feedback is not amenable to good performance with non-power-of-two 2D antenna array configurations.
4 Conclusion
The performance of baseline schemes with 8 TXRUs can vary substantially according to the array configuration.  Therefore, baseline schemes and results are useful for a variety of antenna configurations, including both “wide” and “tall” arrays in order to have accurate measures of the performance benefits of enhancements, and to ensure the study supports the many array configurations that operators should be able to deploy using 2D antenna arrays.  Because more TXRUs are needed to enable the gains of larger arrays, it is important to evaluate schemes that straightforwardly capture these gains by measuring an increased number of CSI-RS ports.
A variety of baseline schemes have been proposed.  Based on the discussion so far, it would be helpful to clarify a few aspects in order to have a common understanding of the schemes and allow better comparison of results.
We therefore propose:

Proposal.
· Baseline schemes need to be further discussed and clarified among companies. For instance, at least the following aspects needs to be clarified:

· The used downtilt (for some of the proposals)

· How the two CQI reports are combined in eNB when vertical and horizontal CSI processes are used

· How CSI-RS resources are configured when RSRP is used to select beamformed CSI-RSs

· If one shared cell ID is used for the two sectors in vertical sectorization and whether UEs use one or two CSI processes in this case.
· If a non-power-of-two size antenna configuration is used, the unused CSI-RS ports should have zero power.
· A reciprocity model such as [2] is defined to allow evaluation of e.g. which beamformed CSI-RS to assign a UE to in FDD
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6 Appendix

For the system simulations, these assumptions were used:

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

3D UMa 500m ISD

	Cell layout
	1 vertical sector per azimuthal sector (baseline), 57 azimuthal sectors in total

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	Aperiodic mode 3-2

	Outer loop LA
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm 

	Traffic model
	Non-full buffer, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for.

	DMRS overhead
	2 antenna ports

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB


Table 5: 16 TXRU Configuration

	Antenna array configuration (M, N, P, Q)
	(4,8,2,16)

	# Vertical x # Horizontal 
CSI-RS ports per polarization
	1V x 8H

	Horizontal Virtualization Weights
	None

	Subarray tilt (degrees)
	108

	CSI-RS port indexing
	Rel-10 type of codebook but extended to 16 Tx. 

	Array configuration & subelement grouping
	[image: image11.emf]


Table 6: 32 TXRU Configuration

	Antenna array configuration (M, N, P, Q)
	(2,16,2,32)

	# Vertical x # Horizontal 
CSI-RS ports per polarization
	1V x 16H

	Horizontal Virtualization Weights
	None

	Subarray tilt (degrees)
	UMi: 130

UMa: 122

	CSI-RS port indexing
	Rel-10 type of codebook but extended to 32 Tx.

	Array configuration & subelement grouping
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Other parameters are the same as for the 8 TXRU cases.
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