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Introduction
In Release 16, PRB usage for MIMO was specified in TS 38.314 to measurement the usage of frequency and time resources by taking MIMO layer and MU-MIMO into consideration.
However, during the deployment, we found several issues and propose ways to address them.
Discussion
Background of the legacy PRB usage for MIMO
In Rel-16, PRB Usage for MIMO was introduced in TS 38.314 [1] for actually reflect the PRB usage at the case of MU-MIMO and multiple MIMO layers. The definition is shown as follows.
//////////////////////////////////////////////////////////////////////Start of the reference///////////////////////////////////////////////////////////////
4.2.1.7.1	PDSCH PRB Usage for MIMO in the DL per cell
This measurement provides the total usage (in percentage) of PDSCH physical resource blocks (PRBs) for MIMO in the downlink per cell. The objective of the measurement is to measure usage of time and frequency resources. A use-case is OAM performance observability.
Protocol Layer: MAC, PHY
Table 4.2.1.7.1-1: Definition for PDSCH PRB Usage for MIMO in the DL per cell
	Definition
	PDSCH PRB Usage for MIMO in the DL per cell is calculated in the time-frequency domain.

Detailed Definition:
where
explanations can be found in the table 4.2.1.7.1-2 below.



Table 4.2.1.7.1-2: Parameter description for PDSCH PRB Usage for MIMO in the DL per cell
	
	Total PDSCH PRB usage per cell which is percentage of PRBs used, averaged during time period  with integer value range: 0-100

	
	A count of PDSCH PRBs used for traffic transmission for UE  on single MIMO layer per cell at sampling occasion .
Counting unit for PRB is 1 Resource Block x 1 symbol. (1 Resource Block = 12 sub-carrier)

	
	The number of MIMO layers scheduled for UE  at sampling occasion . 

	
	A UE  that is scheduled during time period 𝑇. 

	
	Sampling occasion during time period T. A sampling occasion is 1 symbol.

	
	Total number of sampling occasions taken during time period T.

	
	Total number of PDSCH PRBs available for 1 sampling occasion on single MIMO layer per cell.

	
	Time Period during which the measurement is performed.

	
	Constant value configured by OAM with integer value range: 1-100. With this parameter,  should not be larger than 100.


//////////////////////////////////////////////////////////////////////End of the reference///////////////////////////////////////////////////////////////
Alpha was specified as constant integer value. But in the real network, we found the integer value is not suitable for all the cases. Operator sometime need to configure Alpha with float value, e.g., 1.75, 2.45. Therefore, we propose to correct the value type for the Alpha in the existing PRB Usage for MIMO.
Proposal 1: Alpha in PRB Usage for MIMO is changed to float value 1.00~100.00

0. Motivation for new measurement for PRB Usage
The PRB usage for MIMO introduced in Rel-16 can be used to evaluate the utilization of resources in cells. When configuring a common Alpha for all the cells, it is helpful for operator to evaluate the traffic load on the cells.
However, after one year of field trial, we finally find the measurement is still not sufficient for all cases. 
Here are two key issues:
1) The common constant value Alpha is not suitable for bad radio condition cells
The radio condition and UE distribution vary in different cells. Some cells where many UEs are in good radio condition or dense distributed are more likely to be configured with higher MIMO layers and MU-MIMO, for which we can call it good cells. On the contrary, the cells that suffer bad radio condition due to lack of LOS path may always configure UE with lower MIMO layer, for which we can call it bad cells. 
If all the cells are configured with common Alpha e.g., 3, the PRB usage for bad cells may always be low, even if the cell is already in high load. The reason is that, due to bad radio condition, even if there are large number of UE in the cell, the cell can only configure UE with low MIMO layer.
2) Difficult to manually configure Alpha for each cell
A solution to address issue 1 is to configure each cell with the Alpha based on the history. For instance, the good cells can be configured with larger Alpha. While the bad cells can be configured with smaller Alpha.
But we then find it difficult to manually configure a proper Alpha for all the cells, considering there are more than 3 million base stations deployed in the field.
Therefore, from deployment and maintenance point of view, it is highly recommended to introduce a new PRB usage matrix with Alpha autonomously adjusted based on statistical data of MIMO layer.
Proposal 2: Introduce a new PRB usage matrix with Alpha autonomously adjusted based on statistical data of MIMO layer, the variable value can be called β.
0. Progress in SA5
In SA5#139-e meeting (11-20 October 2021), the CR to introduce average value of scheduled MIMO layers was agreed in S5-215332 [2]. The following definition was agreed. The intention for the new measurement defined by SA5 is to calculate the average MIMO layer for a time period, which can be taken as input for the new PRB usage matrix.
Observation 1: SA5 has already defined the Average value of scheduled MIMO layers per PRB for DL and UL, which can be utilized as input for the new PRB usage matrix.
////////////////////////////////////////////////Start of the reference to agreed SA5 CR S5-215332////////////////////////////////////////
5.1.1.30.x	Average value of scheduled MIMO layers per PRB on the DL 
a)	This measurement provides the average value of allocated MIMO layers on the downlink per PRB per cell, for MIMO scenario within the measurement period.
b)	SI.
c)	This measurement is obtained by computing the average value of scheduled MIMO layers among all used PRBs that are used within the measurement period in the cell. The average value is obtained by this formula:
     ,     
      where  denotes the average value of scheduled MIMO layers per PRB per cell on the DL.  denotes the measurement period (e.g. 1 hour). And  denotes the sampling occasion  (e.g. 1 symbol). And  denotes the number of kinds of MIMO layers (e.g. 2 kinds).  denotes the number of MIMO layers (e.g. 1 layers, 4layers, etc.) scheduled for traffic transmission  at sampling occasion . denotes the number of PDSCH PRBs used for transmission corresponding to  , at sampling occasion . For example, a cell has 10 PRBs in total for one sampling occasion (=1), within which 9 PRBs are used and 1 left spare. Among 9 used PRBs, one is multiplexed by 4 layers, three is multiplexed by 2 layers, and five only has 1 layer (no multiplexing). So the  in this case is: (1*4+3*2+5*1)/(1+3+5) = 1.67 layers per PRB.
d)	Each measurement is a real value.
e) The measurement name has the form CARR.AverageLayersDl
f)	NRCellDU.
g)	Valid for packet switched traffic.
h)	5GS.
i）One usage of this measurement is to monitor the cell capacity for MIMO scenario, on the DL.
5.1.1.30. y	Average value of scheduled MIMO layers per PRB on the UL 
a)	This measurement provides the average value of allocated MIMO layers on the uplink per PRB per cell, for MIMO scenario within the measurement period.
b)	SI.
c)	This measurement is obtained by computing the average value of scheduled MIMO layers among all used PRBs that are used within the measurement period in the cell. The average value is obtained by this formula:
     ,     
      where  denotes the average value of scheduled MIMO layers per PRB per cell on the UL.  denotes the measurement period (e.g. 1 hour). And  denotes the sampling occasion  (e.g. 1 symbol). And  denotes the number of kinds of MIMO layers (e.g. 2 kinds).  denotes the number of MIMO layers (e.g. 1 layers, 4layers, etc.) scheduled for traffic transmission  at sampling occasion . denotes the number of PUSCH PRBs used for transmission corresponding to  , at sampling occasion . For example, a cell has 10 PRBs in total for one sampling occasion (=1), within which 9 PRBs are used and 1 left spare. Among 9 used PRBs, one is multiplexed by 4 layers, three is multiplexed by 2 layers, and five only has 1 layer (no multiplexing). So the  in this case is: (1*4+3*2+5*1)/(1+3+5) = 1.67 layers per PRB.
d)	Each measurement is a real value.
e) The measurement name has the form CARR.AverageLayersUl
f)	NRCellDU.
g)	Valid for packet switched traffic.
h)	5GS.
i）One usage of this measurement is to monitor the cell capacity for MIMO scenario, on the UL.
////////////////////////////////////////////////End of the reference to agreed SA5 CR S5-215332////////////////////////////////////////
0. Proposed new PRB usage measurement
As we can see, the average MIMO layer per PRB on the DL  and on the UL  defined by SA5 can reflect the average layer for a given period. By calculating the maximum value for the  during a longer period, we can got the β which is a reasonable value as an input for the new PRB usage matrix. 
We propose RAN2 to introduce the following new measurement for PRB usage. Comparing with the PRB usage for MIMO, the changes for the PRB usage measurement are:
1. Using an variable β instead of the constant value Alpha. 
2. β is the maximum value of the  which was defined by SA5 [2] during a time period.
3. Using  to indicate the total available PDSCH PRB, instead of . This is because, at different sampling occasion, the total number of available PDSCH PRB is different. The matrix  is not accurate.




	
	Total PDSCH PRB usage per cell which is percentage of PRBs used, averaged during time period  with integer value range: 0-100

	
	A count of PDSCH PRBs used for traffic transmission for UE  on single MIMO layer per cell at sampling occasion .
Counting unit for PRB is 1 Resource Block x 1 symbol. (1 Resource Block = 12 sub-carrier)

	
	The number of MIMO layers scheduled for UE  at sampling occasion . 

	
	A UE  that is scheduled during time period 𝑇1. 

	
	Sampling occasion during time period T1. A sampling occasion is 1 symbol.

	
	Total number of PDSCH PRBs available for sampling occasion j on single MIMO layer per cell.

	
	Time Period during which the measurement is performed.

	
	A variable factor for MIMO layer assigned with the maximum  during time period T2.

	
	Average value of scheduled MIMO layers per PRB on the DL defined in TS 28.552 [2].

	
	Time Period during which the measurement is performed.



Proposal 3: RAN2 to agree on the matrix for PRB usage based on statistical MIMO layer as shown in the draft CR to TS 38.314 in the annex.
Conclusions
Based on the discussion, we share the following proposals, and draft CR is provided in the annex.
Observation 1: SA5 has already defined the Average value of scheduled MIMO layers per PRB for DL and UL, which can be utilized as input for the new PRB usage matrix.
Proposal 1: Alpha in PRB Usage for MIMO is changed to float value 1.00~100.00
Proposal 2: Introduce a new PRB usage matrix with Alpha autonomously adjusted based on statistical data of MIMO layer, the variable value can be called β.
Proposal 3: RAN2 to agree on the matrix for PRB usage based on statistical MIMO layer as shown in the draft CR to TS 38.314 in the annex.
1 Reference
[1] TS 38.314 v16.2.0
[2] S5-215332 Introduction of average value of scheduled MIMO layers per PRB  CR  TS 28.552  

2 Annex: draft CR for TS 38.314
4.2.1.7.x	PDSCH PRB Usage based on statistical MIMO layer in the DL per cell
This measurement provides the total usage (in percentage) of PDSCH physical resource blocks (PRBs) for MIMO based on statistical MIMO layer in the downlink per cell. The objective of the measurement is to measure usage of time and frequency resources. A use-case is OAM performance observability.
Protocol Layer: MAC, PHY
Table 4.2.1.7.x-1: Definition for PDSCH PRB Usage based on statistical MIMO layer in the DL per cell
	Definition
	PDSCH PRB Usage for MIMO in the DL per cell is calculated in the time-frequency domain.

Detailed Definition:



explanations can be found in the table 4.2.1.7.1-2 below.



Table 4.2.1.7.x-2: Parameter description for PDSCH PRB Usage based on statistical MIMO layer in the DL per cell
	
	Total PDSCH PRB usage per cell which is percentage of PRBs used, averaged during time period  with integer value range: 0-100

	
	A count of PDSCH PRBs used for traffic transmission for UE  on single MIMO layer per cell at sampling occasion .
Counting unit for PRB is 1 Resource Block x 1 symbol. (1 Resource Block = 12 sub-carrier)

	
	The number of MIMO layers scheduled for UE  at sampling occasion . 

	
	A UE  that is scheduled during time period 𝑇1. 

	
	Sampling occasion during time period T1. A sampling occasion is 1 symbol.

	
	Total number of PDSCH PRBs available for sampling occasion j on single MIMO layer per cell.

	
	Time Period during which the measurement is performed.

	
	A variable factor for MIMO layer assigned with the maximum  during time period T2.

	
	Average value of scheduled MIMO layers per PRB on the DL defined in TS 28.552 [2].

	
	Time Period during which the measurement is performed.



4.2.1.7.y	PUSCH PRB Usage based on statistical MIMO layer in the UL per cell
This measurement provides the total usage (in percentage) of PUSCH physical resource blocks (PRBs) for MIMO based on statistical MIMO layer in the uplink per cell. The objective of the measurement is to measure usage of time and frequency resources. A use-case is OAM performance observability.
Protocol Layer: MAC, PHY
Table 4.2.1.7.y-1: Definition for PUSCH PRB Usage based on statistical MIMO layer in the UL per cell
	Definition
	PUSCH PRB Usage for MIMO in the UL per cell is calculated in the time-frequency domain.

Detailed Definition:



explanations can be found in the table 4.2.1.7.1-2 below.



Table 4.2.1.7.y-2: Parameter description for PUSCH PRB Usage based on statistical MIMO layer in the UL per cell
	
	Total PUSCH PRB usage per cell which is percentage of PRBs used, averaged during time period  with integer value range: 0-100

	
	A count of PUSCH PRBs used for traffic transmission for UE  on single MIMO layer per cell at sampling occasion .
Counting unit for PRB is 1 Resource Block x 1 symbol. (1 Resource Block = 12 sub-carrier)

	
	The number of MIMO layers scheduled for UE  at sampling occasion . 

	
	A UE  that is scheduled during time period 𝑇1. 

	
	Sampling occasion during time period T1. A sampling occasion is 1 symbol.

	
	Total number of PUSCH PRBs available for sampling occasion j on single MIMO layer per cell.

	
	Time Period during which the measurement is performed.

	
	A variable factor for MIMO layer assigned with the maximum  during time period T2.

	
	Average value of scheduled MIMO layers per PRB on the UL defined in TS 28.552 [2].

	
	Time Period during which the measurement is performed.



