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1	Background for PRB Usage
In this contribution, we first analysis the drawback for current PRB Usage from 4G/5G maintenance point of view. And then new measurements are proposed. Here we would first share some background for the current definition for PRB Usage defined by TS 28.552 and TS 38.314.
SA5 has defined PRB usage for NR in Rel-16. And after checking that, RAN2 add some clarification in TS 38.314 for supplementary.
Definition for DL Total PRB Usage in TS 28.552:
	[bookmark: _Toc20132213][bookmark: _Toc27473248][bookmark: _Toc35955903][bookmark: _Toc44491874]5.1.1.2.1	DL Total PRB Usage
a)	This measurement provides the total usage (in percentage) of physical resource blocks (PRBs) on the downlink for any purpose.
b)	SI 







c)	This measurement is obtained as: , where is the DL total PRB usage, which is percentage of PRBs used, averaged during time period  with value range: 0-100%; is a count of full physical resource blocks and all PRBs used for DL traffic transmission shall be included; is total number of PRBs available for DL traffic transmission during time period ; and is the time period during which the measurement is performed.
d)	A single integer value from 0 to 100.
e)	RRU.PrbTotDl, which indicates the DL PRB Usage for all traffic
f)	NRCellDU 
g)	Valid for packet switched traffic
h)	5GS
i)	One usage of this measurement is for monitoring the load of the radio physical layer.



In TS 38.314, RAN2 add the following supplementary clarification for the definition for PRB Usage:
	PRB usage measurements are defined in TS 28.552 [2], i.e. DL/UL Total PRB Usage, Distribution of DL/UL Total PRB Usage. M(T), M1(T), P(T) are measured per cell. P(T) is the total available PRBs for this cell. M1(T) is the PRBs used for traffic transmission in this cell. Counting unit for PRB usage measurement is 1 Resource Block x 1 symbol. (1 Resource Block = 12 sub-carrier)



2	Discussion
There are mainly two motivations for PRB Usage. First motivation is for inter-cell load balancing. And second motivation is for OAM performance observability, and PRB usage is one of the most important KPI for operators.
SA5 has defined PRB Usage in TS 28.552. However, the main drawback for the current definition for PRB Usage is that they didn’t taking MIMO layer and MU-MIMO into consideration. Without considering the MIMO, the calculated PRB Usage is always much larger than the reality for Massive MIMO scenario.
The following figure shows an example.UE1
Used PRB=30
MIMO layer=3
UE2
Used PRB=50
MIMO layer=1
UE3
Used PRB=40
MIMO layer=1
Total available PRB=100
: 1 PRB
Scheduled with multiple MIMO layer and MU-MIMO
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Figure 1. An example of PRB Usage for Massive MIMO
In above figure 1, the gray grid shows that there are totally 100 PRBs available for scheduling. Each box indicates 1 PRB. And after scheduling, UE 1 is allocated by 30 PRBs with 3 MIMO layers. And UE 2 is allocated by 50 PRBs with 1 MIMO layer. And UE 3 is allocated by 40 PRBs with 1 MIMO layer. Please note that MU-MIMO is utilized for UE2 and UE3, i.e. there are 20 PRBs used by both UE2 and UE3.
If we use the legacy PRB Usage measurement defined by TS 28.552, the PRB Usage is 100%, which means the cell is overload. However, since multiple MIMO layer and MU-MIMO is utilized, this cell can still open to schedule more UEs.
Observation: The drawback of current definition of PRB Usage is that MIMO layer and MU-MIMO is not taking into consideration, which leads to the calculated PRB Usage is always much larger than the reality for Massive MIMO scenario.
For above figures, Different UE can share the same PRB by MU-MIMO. And for one UE, more than 1 MIMO layers can be allocated. Therefore, we propose to calculate the PRB Usage by the SUM of PRB allocated for each UE, by taking both MU-MIMO and MIMO layer into consideration.
In order to support PRB usage for traffic channel (PDSCH/PUSCH) to reflect multiple MIMO layers and MU-MIMO, we propose to introduce new measurements for PRB usage in TS 38.314:

The PRB used for the UE  in this cell is , where  denotes PRBs used for traffic transmission for UE  on a single MIMO layer, and  denotes the number of MIMO layers scheduled for UE . And the sum of  denotes the total used PRBs in this cell.
The total available PRB in this cell on a single MIMO layer is denoted by . Alpha is a constant value configured by OAM. Alpha is used to avoid the final output larger than 100%. In our 4G network, Alpha is always configured as 3.
For above figure 1, the result is that, (Assuming Alpha = 3)

Here is the detail definition for the new measurements we proposed. Since it is desirable to be implemented in the gNB as soon as possible and no impact on inter-operability, we propose to introduce these measurements from Rel-16. A Rel-16 CR is also provided in R2-2010663.
---------------------------------------------Start of Proposed New Measurements------------------------------------------------
4.2.1.x	PRB Usage
[bookmark: _Toc43234928][bookmark: _Toc43242720][bookmark: _Toc46328586][bookmark: _Toc52580224]4.2.1.x.1	PDSCH PRB Usage for Massive MIMO in the DL per cell
This measurement provides the total usage (in percentage) of PDSCH physical resource blocks (PRBs) for Massive MIMO in the downlink per cell. The objective of the measurement is to measure usage of time and frequency resources. A use case is cell load balancing, where PRB usage is used for information signalled across the Xn interface. Another use-case is OAM performance observability. 
Protocol Layer: MAC, PHY
Table 4.2.1.x.1-1: Definition for PDSCH PRB Usage for Massive MIMO in the DL per cell
	Definition
	PDSCH PRB Usage for Massive 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.x.1-2 below.



Table 4.2.1.x.1-2: Parameter description for PDSCH PRB Usage for Massive MIMO in the DL per cell
	
	Total PDSCH PRB usage per cell. Percentage of PRBs used, averaged during time period . Value range: 0-100%

	
	PDSCH PRBs used for traffic transmission for UE  on single MIMO layer in this cell during time period T.
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  during time period T. 

	
	A UE that is scheduled during time period 𝑇. 

	
	Total number of PDSCH PRBs available during time period 𝑇 on single MIMO layer in this cell.

	
	Time Period during which the measurement is performed.

	
	Constant value configured by OAM to avoid  larger than 100%.


4.2.1.x.2	PUSCH PRB Usage for Massive MIMO in the UL per cell
This measurement provides the total usage (in percentage) of PUSCH physical resource blocks (PRBs) for Massive MIMO in the uplink per cell. The objective of the measurement is to measure usage of time and frequency resources. A use case is cell load balancing, where PRB usage is used for information signalled across the Xn interface. Another use-case is OAM performance observability. 
Protocol Layer: MAC, PHY
Table 4.2.1.x.2-1: Definition for PUSCH PRB Usage for Massive MIMO in the UL per cell
	Definition
	PUSCH PRB Usage for Massive MIMO in the UL per cell is calculated in the time-frequency domain. 

Detailed Definition:
where
explanations can be found in the table 4.2.1.x.1-2 below.



Table 4.2.1.x.1-2: Parameter description for PUSCH PRB Usage for Massive MIMO in the UL per cell
	
	Total PUSCH PRB usage per cell. Percentage of PRBs used, averaged during time period . Value range: 0-100%

	
	PUSCH PRBs scheduled for traffic transmission for UE  on single MIMO layer in this cell during time period T.
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  during time period T. 

	
	A UE that is scheduled during time period 𝑇. 

	
	Total number of PUSCH PRBs available during time period 𝑇 on single MIMO layer in this cell.

	
	Time Period during which the measurement is performed

	
	Constant value configured by OAM to avoid  larger than 100%.



------------------------------------------------------End of Measurements-----------------------------------------------------------
Proposal: Introduce new measurements of PRB Usage for Massive MIMO in TS 38.314. And agree the CR in R2-2010663.
3	Conclusion
In this contribution, we propose to introduce new measurements for PRB Usage from real network point of view to reflect the usage for MIMO. Here are the observation and proposal:
Observation: The drawback of current definition of PRB Usage is that MIMO layer and MU-MIMO is not taking into consideration, which leads to the calculated PRB Usage is always much larger than the reality for Massive MIMO scenario.
Proposal: Introduce new measurements of PRB Usage for Massive MIMO in TS 38.314. And agree the CR in R2-2010663.
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