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	Reason for change:
	PRB usage for MIMO was specified in Rel-16 for actually reflect the PRB usage at the case of MU-MIMO and multiple MIMO layers. Alpha in the matrix was constant integer value. But in the real network, the integer value may not be suitable for some cases. Operator sometime need to configure Alpha with float value. 
It is also proposed to correct the error in the legacy matrix for PRB usage for MIMO. Since for each sampling occasion (i.e., OFDM symbol), the available PRB is not always the same, due to occupied by reference signalling, SSB, PDCCH etc. So using a constant value N(T) as the number of available PRB is not accurate. Therefore, the number of available PRB should be corrected as the sum of available PRB for each sampling occasion.
In addition, configuring the same constant value Alpha for all the cells is not suitable, especially for cells in bad radio condition. And it is also difficult to manually configure Alpha for each cell, considering the large number of NR base stations. Therefore, from deployment and maintenance point of view, it is valuable to introduce a new PRB usage matrix with Alpha autonomously adjusted, e.g., based on statistical data of MIMO layer, the variable value can be named, e.g., β.
RAN2#116-e meeting, the agreements are as follows:
1	Alpha in PRB Usage for MIMO is changed to float value 1.00~100.00
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.
This CR is to implement the agreements.

	
	

	Summary of change:
	The following are added or corrected to support PRB usage for MIMO
· Correct the matrix for PRB usage for MIMO
· Correct the granularity for Alpha
· Add the new matrix for PDSCH PRB Usage based on statistical MIMO layer in the DL per cell
· Add the new matrix for PUSCH PRB Usage based on statistical MIMO layer in the UL per cell
· Add the new matrix for Enhanced PDSCH PRB Usage for MIMO in the DL per cell
· Add the new matrix for Enhanced PUSCH PRB Usage for MIMO in the UL per cell

	
	

	Consequences if not approved:
	It is not possible to support PRB usage for MIMO based on autonomous MIMO layer value.
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<< Partially omitted >>
4.2.1.7	PRB Usage for MIMO
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:	Comment by CMCC: We propose to correct the error in the legacy matrix.
Since for each sampling occasion (i.e., OFDM symbol), the available PRB is not always the same, due to occupied by reference signalling, SSB, PDCCH etc. So using a constant value N(T) as the number of available PRB is not accurate.
Therefore, the number of available PRB should be corrected as the sum of available PRB for each sampling occasion.
where	Comment by China Unicom: We are fine with the correction, and we will update it in the 4.2.1.7.c.
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 j on single MIMO layer per cell.

	
	Time Period during which the measurement is performed.

	
	Constant value configured by OAM with integer float value range: 1.00-100.00. With this parameter,  should not be larger than 100.



4.2.1.7.2	PUSCH PRB Usage for MIMO in the UL per cell
This measurement provides the total usage (in percentage) of PUSCH physical resource blocks (PRBs) for MIMO 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 4.2.1.7.2-1: Definition for PUSCH PRB Usage for MIMO 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:	Comment by CMCC: Same reason as above
where	Comment by China Unicom: We are fine with the correction, and we will update it in the 4.2.1.7.d.
explanations can be found in the table 4.2.1.7.2-2 below.



Table 4.2.1.7.2-2: Parameter description for PUSCH PRB Usage for MIMO 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 scheduled 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 PUSCH PRBs available for 1 sampling occasion j on single MIMO layer per cell.

	
	Time Period during which the measurement is performed.

	
	Constant value configured by OAM with integer float value range: 1.00-100.00. With this parameter,  should not be larger than 100.	Comment by vivo: Since the granularity of the value Alpha has been changed to float, ‘integer’ may need to be replaced with ‘float’ for consistency.	Comment by vivo: Same comment for the UL part.	Comment by CMCC2: Yes, it’s corrected now.


4.2.1.7.a	PDSCH PRB Usage based on statistical MIMO layer in the DL per cell	Comment by CMCC: Capture CMCC’s proposal R2-2110959.	Comment by China Unicom: We support RAN2 to agree to capture all the modifications in the CR from 4.2.1.7.1 to 4.2.1.7.d.
This measurement provides the total usage (in percentage) of PDSCH physical resource blocks (PRBs) for 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.a-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.a-2 below.



Table 4.2.1.7.a-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.

	
	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 to calculate , e.g., 15min, 1 hour, etc.

	
	A variable factor for MIMO layer assigned with the maximum  during time period T2 with float value 0.01-100.00.

	
	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 to calculate β, e.g., 1 week, etc.


NOTE:	For this measurement, T2 can be larger than T1.
4.2.1.7.b	PUSCH PRB Usage based on statistical MIMO layer in the UL per cell	Comment by China Unicom: We support RAN2 to agree to capture all the modifications in the CR from 4.2.1.7.1 to 4.2.1.7.d.
This measurement provides the total usage (in percentage) of PUSCH physical resource blocks (PRBs) for 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.b-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.b-2 below.



Table 4.2.1.7.b-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.

	
	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 to calculate M(T1), e.g., 15min, 1 hour, etc.

	
	A variable factor for MIMO layer assigned with the maximum  during time period T2 with float value 0.01-100.00.

	
	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 to calculate β, e.g., 1 week, etc.


NOTE:	For this measurement, T2 can be larger than T1. 

[bookmark: _GoBack]4.2.1.7.c	Enhanced PDSCH PRB Usage for MIMO in the DL per cell	Comment by CMCC: Capture China Unicom’s proposal R2-2111196. 	Comment by China Unicom: We support RAN2 to agree to capture all the modifications in the CR from 4.2.1.7.1 to 4.2.1.7.d.
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, frequency and spatial resources. A use-case is OAM performance observability.
Protocol Layer: MAC, PHY
Table 4.2.1.7.c-1: Definition for enhanced 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 and spatial domain.

Detailed Definition:
where	Comment by China Unicom, Shuai: We think the difference between aligned with 4.2.1.7.2-1

explanations can be found in the table 4.2.1.7.c-2 below.



Table 4.2.1.7.c-2: Parameter description for enhanced 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.

	
	

	
	

	
	Time Period during which the measurement is performed.

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

	
	The number of time-domain average maximum scheduling layer of PDSCH during time period T, defined in TS 28.552 [2].





	
	The maximum number of scheduling layer of PDSCH at sampling occasion j;

	
	The number of sampling occasions at which is not 0.



4.2.1.7.d	Enhanced PUSCH PRB Usage for MIMO in the UL per cell	Comment by China Unicom: We support RAN2 to agree to capture all the modifications in the CR from 4.2.1.7.1 to 4.2.1.7.d.
This measurement provides the total usage (in percentage) of PUSCH physical resource blocks (PRBs) for MIMO in the uplink per cell. The objective of the measurement is to measure usage of time, frequency and spatial resources. A use-case is OAM performance observability.
Protocol Layer: MAC, PHY
Table 4.2.1.7.d-1: Definition for enhanced PUSCH PRB Usage for MIMO in the UL per cell
	Definition
	PUSCH PRB Usage for MIMO in the UL per cell is calculated in the time-frequency and spatial domain.

Detailed Definition:
where	Comment by China Unicom, Shuai: We think the difference between aligned with 4.2.1.7.2-1


explanations can be found in the table 4.2.1.7.d-2 below.



Table 4.2.1.7.d-2: Parameter description for enhanced PUSCH PRB Usage for MIMO 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 scheduled 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.

	
	

	
	

	
	Time Period during which the measurement is performed.

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

	
	The number of time-domain average maximum scheduling layer of PUSCH during time period T, defined in TS 28.552 [2].





	
	The maximum number of scheduling layer of PUSCH at sampling occasion j;

	
	The number of sampling occasions at which is not 0.
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