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1 Introduction

In 3GPP RAN#71, a new Study Item on New Radio Access Technology [1] was approved. In RAN1#84bis, the following working assumption was agreed for the study of massive MIMO in new radio (NR) [2]:

“Study enhanced massive MIMO analog/digital/hybrid beam-forming”
And in the agreed WFs on NR evaluation assumptions [3] and antennal model in [4], up to 64(@TRP) and 4(@UE) Tx/Rx antenna elements for 700MHz, and up to 256(@TRP) and 8(@UE) Tx/Rx antenna elements for 4GHz were finally determined. In addition, for above-6GHz (i.e. 30GHz and 70GHz), initial agreement was made on up to 256(@TRP) and 32 (@UE) Tx/Rx antenna elements. However, a follow-up email discussion in “[84b-13] Evaluation assumptions for NR” has agreed to increase the maximum number of TRP Tx/Rx antenna elements at 70GHz to 1024, while continuing discussion on whether to increase the number of antenna elements at the TRP for 30GHz and the number of antenna elements at the UE for 70GHz. 
In this contribution, we provide our views on the evaluation assumptions of massive MIMO at both sub-6GHz and above-6GHz, including antenna configurations, total number of transmission layers for MU-MIMO, performance metrics and evaluation scenarios.

2  Massive MIMO Dimension 
Antenna configuration

The parameters of antenna configuration were described as (M,N,P,Mg,Ng) in [4], and some parameters will be further discussed in the e-mail reflector and next meeting.  It was already agreed in last meeting thatsingle antenna panel, i.e. (Mg,Ng) = (1,1), should be proposed for sub-6GHz. In this section, detailed parameters of (M,N,P,Mg,Ng) both for sub and above 6GHz are proposed as they are critical in further performance evaluation and manufacturing implementation. 

The basic principle of the discussion about antenna configuration for sub 6GHz bands is to keep the size of TRP antennas as compact as possible. As a logical consequence, the number of rows and columns (M,N) should take values closer to each other to avoid extremely long or narrow rectangular antenna panel. Another benefit for the compact antenna panel is to meet the regulation for wind resistance in the practical deployment. Based on above analysis, a combination of [M = 8, N = 16, P = 2] becomes a natural choice for a cross-polarized antenna array with 16 rows and 8 columns, which makes up a total of 256 antenna elements. In the meantime, there will be some scenarios which require more spatial freedom in vertical directions such as skyscrapers. Thus an alternative combination of [M = 16, N = 8, P =2] should also be supported. With similar consideration, the parameter combinations of (M, N, P) for other numbers of antenna elements provided in Proposal-1 also should be considered in New Radio. 

For above 6GHz, the proposed TRP antenna model configuration is based on following reasons. First, one panel should not contain many antenna elements due to the power driving issue, and we suggest maximal 64 and 256 antenna elements for one panel in 30GHz and 70GHz, respectively. Second, both single and cross polarization in one panel should be supported. Given fixed number of antenna elements in one panel, single polarization means more antennas are in the same polarization direction, so that it could generate narrower beams for increased coverage, and is easy for the implementation in practice. While cross polarization means more TXRUs within one panel, which could provide more spatial multiplexing freedoms especially for indoor scenario.

Proposal 1:  The following TRP antenna configuration corresponding to various numbers of Tx/Rx antenna elements should be supported for massive MIMO in NR:

· For sub 6GHz bands:

· For 4GHz with 256 Tx/Rx antenna elements: (M,N,P,Mg,Ng) = (8,16,2,1,1), (16,8,2,1,1)

· For 4GHz with 128 Tx/Rx antenna elements: (M,N,P,Mg,Ng) = (8,8,2,1,1), (4,16,2,1,1) 

· For 4GHz with 64 Tx/Rx antenna elements: (M,N,P,Mg,Ng) = (4,8,2,1,1), (8,4,2,1,1)

· For above 6GHz bands:

· 
For 30GHz with 256 Tx/Rx antenna elements: (M,N,P,Mg,Ng)= (4,8,2,2,2), (4,4,1,4,4), (2,4,2,4,4)

· For 70GHz with 1024 Tx/Rx antenna elements: (M,N,P,Mg,Ng)= (8,16,2,2,2), (8,8,1,4,4), (4,8,2,4,4)

Configurations on other numbers of Tx/Rx antenna elements are not precluded.
Total number of transmission layers for MU-MIMO

With a requirement that “The target considered as a starting point for eMBB deployment scenarios is in the order of 3x IMT-Advanced requirements for full buffer” [5], one straightforward approach would be to support more transmission layers for MU-MIMO. For the transmission in sub-6GHz bands, since the number of antenna elements up to 256 is agreed, which is a huge improvement over Rel.13 of 64 elements, a similar improvement on the total number of transmission layers for MU-MIMO should be considered. Consequently, the number of total transmission layers for MU-MIMO should be more than 8 in NR. 

The approach to achieve high throughput in above 6GHz bands is mainly benefit from the large band width, which is quite different from the sub 6GHz bands. Moreover, the multi-path circumstance for high frequency is not as rich as sub-6GHz bands. Finally, the number of TXRUs is limited for the reason that more antennas should be jointly beamformed to provide sufficient SNR for communication to combat the high path loss as well as implementation cost. Therefore, limited by the number of TXRUs, the number of transmission layer for above 6GHz should be no more than 32. 
Proposal 2: In NR, for sub 6GHz bands, the number of total transmission layers for MU-MIMO should be larger than {8}; for above 6GHz bands, the number of total transmission layers for MU-MIMO should be no more than {32}.
3 Discussion on Massive MIMO performance Metric

For massive MIMO in NR, there would be various new indentified usages/scenarios to support a variety of future services compared to those in LTE. In order to obtain the full scale evaluation for massive MIMO, both full buffer traffic and non-full buffer traffic should be considered at this stage. Furthermore, for certain scenarios/KPIs, full buffer traffic is desirable to enable comparison with IMT-Advanced values. For system performance metrics, the items below are still reasonable because it was already used in the previous evaluation for LTE/LTE-A,

Furthermore, the system performance with user mobility defined in [TR38.913] should be considered for above 6GHz Bands. The system performance is restricted by the CSI accuracy, and the overhead and complexity to obtain the CSI. In above 6GHz bands, one TXRU part may be connected to a large number of antenna antennas, which corresponds to large beamforming gain and narrow beam width. Hence the CSI measurement is very sensitive to the user mobility.  
Proposal 3:  The following performance metric should be considered for massive MIMO in NR:



1). KPI for full buffer traffic models:

· Cell/Transmission Point/TRP mean spectral efficiency

· 5th percentile user spectrum efficiency

2). KPI for non-full buffer traffic models:

· Mean, 5, 50, 95% user throughput

3). In addition, mobility defined in [TR38.913] should be considered for above 6GHz.
4 Evaluation scenarios and assumptions for Massive MIMO

In this section, we propose deployment scenarios based on Indoor Hotspot, Dense Urban and Urban Macro. System parameters for these deployment scenarios are summarized in Tables 1~3.

Proposal 4: In the simulation, indoor hotspot, dense urban and urban macro should be considered in NR.

Additional attributes (in addition to [3]) for Indoor hotspot, dense urban, and urban macro are listed in Table 1 and 3. 
Table 1.   Additional attributes for Indoor hotspot

	
Parameter

	Value

	TRP Antenna configuration
	Configuration for 256/128/64 elements for 4GHz:
(M,N,P,Mg,Ng) = (8,16,2,1,1), (16,8,2,1,1) @256 Tx/Rx with 4GHz
(M,N,P,Mg,Ng) = (8,8,2,1,1), (4,16,2,1,1) @128 Tx/Rx with 4GHz

(M,N,P,Mg,Ng) = (4,8,2,1,1), (8,4,2,1,1) @64 Tx/Rx with 4GHz

dH = 0.5lamda; dV =0.8lamda (other values are not precluded)
Configurations for 256/1024 elements for 30GHz/70GHz:

(M,N,P,Mg,Ng)= (8,8,1,4,4), (4,8,2,4,4) @1024Tx/Rx with 70GHz

(M,N,P,Mg,Ng)= (4,4,1,4,4), (2,4,2,4,4) @256Tx/Rx with 30GHz
Companies could report configurations for other number of elements 

	Rank adaptation info.
	Maximum number of layers for single user:

Sub 6GHz: 2 mandatory, 4/8 optional 

Above 6GHz: 1 mandatory, 2 optional

	Scheduler
	PF

	Wrapping method
	Geographical distance based


Table 2.   Additional attributes for Dense urban

	
Parameter

	Value

	TRP Antenna configuration
	Configuration for 256/128/64 elements for 4GHz:

(M,N,P,Mg,Ng) = (8,16,2,1,1), (16,8,2,1,1) @256 Tx/Rx with 4GHz

(M,N,P,Mg,Ng) = (8,8,2,1,1), (4,16,2,1,1) @128 Tx/Rx with 4GHz

(M,N,P,Mg,Ng) = (4,8,2,1,1), (8,4,2,1,1) @64 Tx/Rx with 4GHz

dH = 0.5lamda; dV =0.8lamda (other values are not precluded)
Configurations for 256/1024 elements for 30GHz/70GHz:

(M,N,P,Mg,Ng)= (8,16,2,2,2), (8,8,1,4,4) @1024 Tx/Rx with 70GHz

(M,N,P,Mg,Ng)= (4,8,2,2,2), (4,4,1,4,4) @256 Tx/Rx with 30GHz 
Companies could report configurations for other number of elements

	Rank adaptation info.
	Maximum number of layers for single user:

Sub 6GHz: 2 mandatory, 4/8 optional 

Above 6GHz: 1 mandatory, 2 optional

	Carrier Frequency
	Micro layer: 70GHz in addition to [3]

	TRP height
	Macro node height:25m

Micro node height:10m

	Scheduler
	PF

	Wrapping method
	Geographical distance based


Table 3.   Additional attributes for Urban macro

	
Parameter

	Value

	TRP Antenna configuration
	Configuration for 256/128/64 elements for 4GHz:

(M,N,P,Mg,Ng) = (8,16,2,1,1), (16,8,2,1,1) @256 Tx/Rx with 4GHz

(M,N,P,Mg,Ng) = (8,8,2,1,1), (4,16,2,1,1) @128 Tx/Rx with 4GHz

(M,N,P,Mg,Ng) = (4,8,2,1,1), (8,4,2,1,1) @64 Tx/Rx with 4GHz

dH = 0.5lamda; dV =0.8lamda (other values are not precluded)
Configurations for 256 elements for 30GHz:

(M,N,P,Mg,Ng)= (4,8,2,2,2), (4,4,1,4,4) @256Tx/Rx with 30GHz
Companies could report configurations for other number of elements

	Rank adaptation info.
	Maximum number of layers for single user:

Sub 6GHz: 2 mandatory, 4/8 optional 

Above 6GHz: 1 mandatory, 2 optional

	Scheduler
	PF

	Wrapping method
	Geographical distance based


5 Conclusion

In this contribution, we discuss the evaluation methodology of massive MIMO dimension, scenarios and assumptions, and provide the following proposals:

Proposal 1:  The following TRP antenna configuration corresponding to various numbers of Tx/Rx antenna elements should be supported for massive MIMO in NR:

· For sub 6GHz bands:

· For 4GHz with 256 Tx/Rx antenna elements: (M,N,P,Mg,Ng) = (8,16,2,1,1), (16,8,2,1,1)

· For 4GHz with 128 Tx/Rx antenna elements: (M,N,P,Mg,Ng) = (8,8,2,1,1), (4,16,2,1,1)

· For 4GHz with 64 Tx/Rx antenna elements: (M,N,P,Mg,Ng) = (4,8,2,1,1), (8,4,2,1,1)

· For above 6GHz bands:

· 
For 30GHz with 256 Tx/Rx antenna elements: (M,N,P,Mg,Ng)= (4,8,2,2,2), (4,4,1,4,4), (2,4,2,4,4)

· For 70GHz with 1024 Tx/Rx antenna elements: (M,N,P,Mg,Ng)= (8,16,2,2,2), (8,8,1,4,4), (4,8,2,4,4)

Configurations on other numbers of Tx/Rx antenna elements are not precluded.
Proposal 2:  In NR, for sub 6GHz bands, the number of total transmission layers for MU-MIMO should be larger than {8}; for above 6GHz bands, the number of total transmission layers for MU-MIMO should be no more than {32}.
Proposal 3:  The following performance metric should be considered for massive MIMO in NR:



1). KPI for full buffer traffic models:

· Cell/Transmission Point/TRP mean spectral efficiency

· 5th percentile user spectrum efficiency

2). KPI for non-full buffer traffic models:

· Mean, 5, 50, 95% user throughput

3). In addition, mobility defined in [TR38.913] should be considered for above 6GHz.

Proposal 4: In the simulation, indoor hotspot, dense urban and urban macro should be considered in NR.
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