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1 Introduction
At the previous RAN1 meeting, prioritized array antenna configurations for Phase-2 enhancements were agreed for N=1,2 and 4 and with an FFS for N=8,16, see the agreement below. It should be noted that companies are still encouraged to provide results for configurations outside what was agreed in this table, as to have a large results database on to make conclusions in the final technical reports. Of particularly interest are arrays where N is not artificially constrained to a multiple of two, as is discussed in [1].
The agreement from previous meeting were:

Agreements:
· Prioritization of antenna configurations for phase-2 enhancement proposal
	
	N=1
	N=2
	N=4

	M=8, 
homogeneous @ 2 GHz
	8TXRU

16TXRU


	8TXRU
16TXRU
	8 TXRU

16 TXRU

32 TXRU

64 TXRU

	M=4, small cells @ 3.5 GHz
	
	
	8 TXRU

16 TXRU

32 TXRU


· FFS: N=8, 16

· The enhancements to specifications should also allow other TXRU configurations with total number of TXRU = 8, 16, 32, 64
· Both 1D and 2D TXRU virtualization are allowed
In this contribution we present a proposal on how to resolve the FFS in this agreement.

2 Prioritized configurations for N=8,16 antenna columns
For homogenous scenario evaluations in Phase-2, it was agreed that the prioritized scenarios should be on N={1,2,4,8,16} antenna columns with different priorities. It should be noted that the N={8,16} scenarios which unfortunately has 2nd priority shows remarkable performance improvement over the 1st priority scenarios with fewer columns [2], simply  because the traffic is broadly distributed in azimuth but only narrowly in the elevation domain. 
Hence, it is in these 3GPP scenarios better to improve the beamforming capability and have narrow beamforming lobes in the azimuth direction than in the elevation direction. This will significantly reduce interference and also improve the possibilities for MU-MIMO due to the high degree of isolation between different beams and larger traffic spread in angle as seen from the base station. It should be noted however than in real world there will certainly be scenarios where a “tall” array performs better than a “wide” array. It is therefore important to have a standard specification that is flexible in supporting a wide range of different array configurations. From implementation perspective, there is also no reason to restrict array rows and columns to a multiple of 2 as is commonly assumed in this SI for evaluation alignment purposes. This is discussed more in [1]. 
Note that the when increasing the number of antenna columns, the number of antenna rows is reduced as to maintain the same antenna area. As an example, the 4x8 antenna configuration has 16%  more user throughput than the 8x4 antenna configuration for the same number of TXRUs.
Observation: 1st priority scenarios with N={1,2,4} antenna columns has much worse performance compared to the 2nd priority scenarios with N={8,16} antenna columns. In general for homogenous 3GPP scenarios, wide (N>M) antenna arrays perform always better than tall (M>N) antenna arrays.
Last meeting it was also agreed that the total number of antenna elements (per polarization) for the prioritized scenarios is limited to 32, hence max(NM)=32. Moreover, for N=16, it was agreed to use M=2. Taking these agreements into account we propose to update the homogeneous cases as in the following table:

Proposal:
	
	N=1,
M=8
	N=2,
M=8
	N=4,
M=8
	N=8,
M=4
	N=16,
M=2

	Homogeneous @ 2 GHz
	8TXRU
16TXRU
	8TXRU
16TXRU
	8 TXRU
16 TXRU
32 TXRU

64 TXRU
	8 TXRU

16 TXRU
32 TXRU
64 TXRU
	8 TXRU

16 TXRU
32 TXRU



The N=4,M=8 antenna array is simply a rotation of the N=8,M=4 antenna array so the same set of TXRUs should be studied in this case. For the N=16 case, which can be seen as an extension of the rotated N=2, M=8 case, we propose to prioritize studies up to 32 TXRUs.
As these are prioritized antenna configurations in the evaluations for the purpose of alignment across companies, we encourage companies to provide results also for other antenna configurations so that we can have a broad study and make a well informed conclusion in the end of the study item. For instance, the rotated array configurations shown below are also of great interest and should be evaluated. 
	
	N=8,
M=1
	N=8,
M=2

	Homogeneous @ 2 GHz
	8TXRU
16TXRU
	8TXRU
16TXRU


Since real world eNB antennas are not limited to the M=8 rows of antenna elements we assume in this SI (e.g. the antenna manufacturer Kathrein proposed that we use M=10 in the 3D channel modeling SI and this was adopted for calibration), it would seriously limit the applicability of 2DAA if we provide enhancement support only for the few antenna configurations in this table.  
We suggest to capture in the TR 36.897 that studied enhancements should apply to any general configuration (M,N,P,Q). For example, a particularly interesting configuration is  (M=4,N=2,P=2) but also enhancements of configurations that are not a multiple of 2, i.e. (M=5,N=3,P=2) needs to be supported [1]. Furthermore, when using LTE at higher carrier frequencies in the future, even larger antenna arrays are feasible and we see no reason why LTE antenna arrays targeting “massive MIMO”  operation should be limited to maximum M=8 and N=16. 

Observation: Although the prioritized scenarios in evaluation of specification enhancements are limited to the configurations in the table, any introduced specification enhancement needs to have full flexibility in N,M={1,2,3,…} and cannot be tailored to these few special antenna configurations.
Proposal: Capture in the TR that enhancement proposals should allow for any (M,N,P,Q) configuration 
3 Conclusion
Based on the discussion and results presented in this contribution, we make the following proposal:
	
	N=1,
M=8
	N=2,
M=8
	N=4,
M=8
	N=8,
M=4
	N=16,
M=2

	Homogeneous @ 2 GHz
	8TXRU
16TXRU
	8TXRU
16TXRU
	8 TXRU
16 TXRU
32 TXRU

64 TXRU
	8 TXRU

16 TXRU
32 TXRU
64 TXRU
	8 TXRU
16 TXRU
32 TXRU


· Capture in the TR 36.897 that enhancement proposals should allow for any (M,N,P,Q) configuration 

· Evaluate also these configurations:

	
	N=8,
M=1
	N=8,
M=2

	Homogeneous @ 2 GHz
	8TXRU
16TXRU
	8TXRU
16TXRU
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