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1 Introduction
In RAN1#79, the mechanism to determine the gain of specification enhancements related to 2DAA was defined, which for a given antenna configuration (M,N,P) compares a baseline case to an enhancement for equal number Q of TXRUs. So there should at least be a benefit over a baseline, given a set (M,N,P,Q) for an enhancement to be considered, which is reasonable.
What scheme to be considered as a baseline for some (M,N,P,Q) configurations is still under discussion and there is a separate agenda item 7.2.4.2.2 for this purpose.  Even though a common baseline has not been agreed yet, it is interesting to discuss the potential enhancement that can be achieved with specification changes by comparing with plain Rel.10 operation using Q=8 TXRUs. Moreover, although the agreement mentioned above is a necessary condition for specification change, it is not the only comparison that is meaningful, since it is useful also to compare these cases:

· Different Q for a fixed (M,N,P). This is related to implementation complexity as it has some relation to the number of TXRUs. In some cases, even though there is a large gain compared to baseline, there is similar gain compared to baseline using a smaller Q which has less implementation complexity.

· Different (M,N) for a fixed (Q,P). For about the same implementation complexity Q, there can be large differences in performance for different array configurations. The most striking example of this is the wide array (N>M) which has a huge performance gain compared to the tall (M>N) array for the same antenna area (MN) and complexity (~Q).    
In this contribution, we evaluate a variety of antenna configurations using Q=8 TXRUs as the baseline, including arrays having from 1 up to 16 columns.  Hence, we are presenting results for different Q with a fixed (M,N,P). When RAN1 has agreed on a baseline for each configuration (M,N,P,Q), then these results can be revisited with results for Q>8.
2 Simulation results
For each scheme with Q TXRU we have assumed a CSI-RS configuration with Q antenna ports. A single CSI process was used in all cases. The 1Dx1D Kronecker product based codebook was used where a grid of beam (GOB) codebook based on a DFT matrix with two times spatial oversampling in each dimensions (vertical and horizontal) was utilized.

It should be noted that these tables are obtained at a rather high load of 50% RU and only SU-MIMO scheduling has been considered. Also, the CSI-RS overhead has not been accounted for. 
2.1 Configuration 1: M=8, N=1

For this scenario, there is substantial gain in the UMa channel by increasing the number of CSI-RS antenna ports to 16 so that a linear array of M=8 antenna elements can be used vertically to provide UE specific vertical beamforming. On the other hand, for UMi the baseline seems to be efficient at this load point of 50% RU.  However, it should be noted that for low load we observed a substantial gain for UMi case as well (not shown here). It remains to be discussed in RAN1 whether an even better baseline can be found for this particular configuration. 
	
	
	Baseline: 2x1 subarray, 122o  tilt (UMa), 130o  tilt (UMi). Rel 10 CB 
	Enhancement: 1x1 subarray, 16 CSI-RS antenna ports 

	
	Q
	8
	16

	UMa
	Cell edge UPT
	0%
	59%

	
	Mean UPT
	0%
	26%

	UMi
	Cell edge UPT
	0%
	-4%

	
	Mean UPT
	0%
	-4%


Observation: Substantial gain can be seen with increasing then number of CSI-RS antenna ports from 8 to 16.
2.2  Configuration 2: M=8, N=2

The baseline used here is a 2D antenna array with 4 element vertical sub-arrays where the Rel.10 8TX codebook has been mapped to a distribution of antenna ports over two dimensions (2x2). Enhancement 1 uses the same number of TXRUs but a 1Dx1D codebook instead of the LTE 8TX codebook. Some benefit is found in the UMa case, likely due to better horizontal beamforming performance compared to baseline. If the enhancement includes 16 CSI-RS antenna ports as well, then there is a significant benefit for UMi due to more vertical antenna ports since true 2D UE specific beamforming can be utilized. The UMa case on the other hand does not gain from adding more vertical antenna ports, as expected.  
	
	
	Baseline: 4x1 subarray, 108o  tilt (UMa and UMi), Rel 10 CB 
	Enhancement 1: 4x1 Subarray, 8 CSI-RS antenna ports, 1Dx1D GOB codebook (vertical and horizontal)
	Enhancement 2: 2x1 Subarray, 16 CSI-RS antenna ports, 1Dx1D GOB codebook (vertical and horizontal)

	
	Q
	8
	8
	16

	UMa
	Cell edge UPT
	0%
	16%
	-3%

	
	Mean UPT
	0%
	4%
	-6%

	UMi
	Cell edge UPT
	0%
	6%
	41%

	
	Mean UPT
	0%
	3%
	21%


Observation: In UMa, there is a clear cell edge benefit in introducing 1Dx1D codebook even for 8 TXRU.

Observation: In UMi, large gains can be seen in increasing the number of CSI-RS antenna ports to 16.
2.3 Configuration 3: M=8, N=4
The baseline used here is the standard horizontal array with an 8x1 subarray per column and polarization. For UMa, there are some benefits in increasing the number of TXRU to 16 and splitting each column into two smaller subarrays in order to get vertical antenna ports as well. The corresponding gain of increasing the number of vertical antenna ports is larger for UMi as expected and 32 TXRU seems to provide a huge cell edge benefit compared to the baseline.  

	
	
	Baseline: 8x1 subarray, 100o  tilt (UMa and UMi), Rel 10 CB 
	Enhancement: 4x1 Subarray, 108o  tilt, 16 CSI-RS antenna ports, 1Dx1D GOB codebook (vertical and horizontal)
	Enhancement: 2x1 Subarray, 122o  tilt, 32 CSI-RS antenna ports, 1Dx1D GOB codebook (vertical and horizontal)

	
	Q
	8
	16
	32

	UMa
	Cell edge UPT
	0%
	36%
	17%

	
	Mean UPT
	0%
	11%
	3%

	UMi
	Cell edge UPT
	0%
	69%
	110%

	
	Mean UPT
	0%
	25%
	39%


Observation: Substantial gain can be seen in UMi increasing then number of CSI-RS antenna ports to 32 and in UMa by increasing the number of antenna ports to 16.
2.4 Configuration 4: M=4, N=8

The baseline uses a 2D virtualization of two adjacent antenna columns (4x2 antenna elements). This creates a narrow horizontal beamwidth for the subarray which is the reason why increasing the number of horizontal antenna ports to eight (16 CSI-RS antenna ports) gives a significant performance benefit. Increasing to 32 CSI-RS antenna ports gives benefits only for UMi due to more vertical antenna ports. There is some additional gain with 64 TXRUs in this (M,N) = (4,8) case that couldn’t be observed in the rotated case of (8,4). Hence, for a given array, the orientation also matters. 
	
	
	Baseline: 4x2 subarray, 108o  tilt (UMa and UMi), Rel 10 CB 
	Enhancement: 4x1 Subarray, 108o  tilt, 16 CSI-RS antenna ports, 1Dx1D GOB codebook (vertical and horizontal)
	Enhancement: 2x1 Subarray, 122o  tilt, 32 CSI-RS antenna ports, 1Dx1D GOB codebook (vertical and horizontal)
	Enhancement: 1x1 subarray, 64 CSI-RS antenna ports, 1Dx1D GOB codebook (vertical and horizontal)

	
	Q
	8
	16
	32
	64

	UMa
	Cell edge UPT
	0%
	55%
	59%
	88%

	
	Mean UPT
	0%
	20%
	18%
	27%

	UMi
	Cell edge UPT
	0%
	53%
	85%
	135%

	
	Mean UPT
	0%
	19%
	30%
	40%


Observation: Large gain can be seen in increasing then number of CSI-RS antenna ports to 16. A very large gain can be obtained with 64 CSI-RS antenna ports which was not seen in the M=8,N=4 array orientation. 
2.5 Configuration 4: M=2, N=16

The baseline uses a 2D virtualization of two adjacent antenna columns (2x4 antenna elements). This creates a very narrow horizontal beamwidth for the subarray which is the reason why increasing the number of horizontal antenna ports to 16 (32 CSI-RS antenna ports) gives an enormous performance benefit. There is some significant additional gain with 64 TXRUs for UMi. 
	
	
	Baseline: 2x4 subarray, 122o /130o  tilt (UMa/UMi), Rel 10 CB, single CSI port 0 CS
	Enhancement: 2x1 Subarray, 108o  tilt, 32 CSI-RS antenna ports, 1Dx1D GOB codebook (vertical and horizontal)
	Enhancement: 1x1 Subarray, 64 CSI-RS antenna ports, 1Dx1D GOB codebook (vertical and horizontal)

	
	Q
	8
	32
	64

	UMa
	Cell edge UPT
	0%
	147%
	163%

	
	Mean UPT
	0%
	53%
	54%

	UMi
	Cell edge UPT
	0%
	156%
	216%

	
	Mean UPT
	0%
	45%
	59%


Observation: Large gain can be seen in increasing the number of CSI-RS antenna ports to 64. 
3 Conclusion
These initial performance enhancement evaluations showed significant benefits. However, the baseline discussion has not settled yet and so further study of baseline performance (including CSI-RS overhead) is needed. So far, we observe:
Key observations:
· Support for a 1Dx1D codebook provides substantial gains

· Support for more than 8 CSI-RS antenna ports provides substantial gains
4 Appendix

For the system simulations, these assumptions were used:

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m 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



