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1
Decision/action requested

The group is asked to discuss and endorse on the proposal.
2
References

[1]
3GPP TS 38.314 “NR; Layer 2 measurements”
[2]
3GPP TS 28.552 “Management and orchestration; 5G performance measurements”
3
Rationale

3.1


Background
As we know, MIMO technology can control the direction of electromagnetic wave. And the same radio Physical Resource Block (PRB) can be allocated to different users to carry traffic, when they are spatially separated. So the MIMO technology can increase the NR Cell capacity obviously. For example, shown in the picture below, the PRB0 was multiplexed by 5 UEs (layers) at the same time. The traffic transmitted was increased to 5 times.

Therefore, the multiplexing ability (number of layers) is a critical factor to analyse the cell capacity and related issues, like MIMO equipment performance, UE experience, etc.
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Besides, the MIMO technology has been applied worldly by Operators, to improve the NR Cell performance. So it is strongly needed to consider the improvement on capacity, brought by MIMO.
3.2


Discussion of MIMO's improvement on cell capacity
In TS 38.314 [1], some MIMO related indicators has been described, like PDSCH PRB Usage for MIMO. But there is no method to quantitatively evaluate the improvement on cell capacity, brought by MIMO technology.
Observation 1: MIMO can improve cell capacity obviously, and it is already concerned by the industry. But there is no method to quantitatively evaluate the improvement on capacity brought by MIMO. 
MIMO is a core technology in the 5G radio network, and has been applied around the world. As traffic grows, the load of cell needs to be monitored by operators. And only based on the load information of the cell, operators can decide where capacity should be expanded. 

To know how much of capacity left (i.e. load information), we need to know the cell capacity at first. From discussion above, it is clear that the cell capacity with MIMO depends on 2 factors: the number of PRBs and the number of layers.
The former has been described clearly in TS 28.552 [2], clause 5.1.1.2.6. But the latter needs to be clarified.

Besides, the information of layers can be used to optimize the MIMO equipment performance, to analyse UE experience and other OAM works.
Observation 2: To support the operator’s work about capacity expanding and other issues, the number of layers (the capacity improvement from MIMO) needs to be studied. 
Proposal 1: The industry needs to explore an effective method to evaluate the number of layer in a MIMO cell, which will help operators to know how much the MIMO cell capacity is.
Different PRBs can have different number of layers. In TS 28.552 [2], relative indicator (CARR.MUPDSCHRB.BINX) is described as:
“This measurement is obtained by incrementing the appropriate measurement bin with the number of the PDSCH RBs according to the DL MU-MIMO layer. (For example, if two layers multiplex one RB, add one to CARR.MUPDSCHRB.BIN2.) The retransmitted RBs should be included, and the RBs used for broadcast should be excluded.”
Generally speaking, PRB with better SINR can be multiplexed by more layers, namely bigger number of layers can be achieved. On the contrary, PRB with worse SINR only can achieve less layers, or even cannot be multiplexed (i.e. 1 layer). An example is shown following:
[image: image2.png]I 4 Layers ]was PRES L’
T4 1 Layers

\‘L_]ms 1 W . ere3 L, "‘“"'Pw wRes )
.. o “‘ No multiplexin
_Centre Area Mlddle Area Edge Area /

-

Num 1





Above, PRB1 is allocated to the users in centre, where the SINR is often the best. So PRB1 can be multiplexed by 4 layers to serve 4 users at the same time. Similarly, PRB2 and PRB3 are allocated to middle area and can be multiplexed by 2 layers. For the edge area, SINR is not good enough to allow multiplexing. So, the PRB4, PRB5, PRB6 and PRB7 can only transmit traffic for one user, namely the number of layer is one.
Overall, the improvement situation of different PRBs are not the same. 
Thus, to estimate the improvement on the cell capacity brought by MIMO, all used PRBs in the cell should be taken into consideration. 
Observation 3: To quantitatively evaluate the capacity improvement from MIMO, all used PRBs in a cell should be taken into consideration.
Proposal 2: With considering all used PRBs’ situations in a MIMO cell, a measurement named “Average value of scheduled MIMO layers per PRB” is suggested. It provides the average number of allocated MIMO layers per PRB for a MIMO cell. Details are shown below (take downlink as an example):
This measurement provides the average value of allocated MIMO layers on the downlink per PRB per cell, for MIMO scenario within the measurement period.
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:
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,     
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 denotes the average value of scheduled MIMO layers per PRB per cell on the DL. [image: image8.png]


 denotes the measurement period (e.g. 1 hour). And [image: image10.png]


 denotes the sampling occasion [image: image12.png]


 (e.g. 1 symbol). And [image: image14.png]


 denotes the number of kinds of MIMO layers (e.g. 2 kinds). [image: image16.png]Ly;(T)



 denotes the number of MIMO layers (e.g. 1 layers, 4layers, etc.) scheduled for traffic transmission  at sampling occasion [image: image18.png]
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 denotes the number of PDSCH PRBs used for transmission corresponding to  [image: image22.png]Ly;(T)



, at sampling occasion [image: image24.png]


. 
For example, a cell has 10 PRBs in total for one sampling occasion ([image: image26.png]


=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 [image: image28.png]L qpenl



 in this case is: (1*4+3*2+5*1)/(1+3+5) = 1.67 layers per PRB.
3.3


Conclusions
We have the following findings and proposals:
Observation1: MIMO can improve cell capacity obviously, and it is already concerned by the industry. But there is no method to quantitatively evaluate the improvement on capacity brought by MIMO.
Observation2: To support the operator’s work about capacity expanding and other issues, the number of layers (the capacity improvement from MIMO) needs to be studied.
Observation3: To quantitatively evaluate the capacity improvement from MIMO, all use PRBs in a cell should be taken into consideration.
Proposal 1: The industry needs to explore an effective method to evaluate the number of layer in a MIMO cell, which will help operators to know how much the MIMO cell capacity is.
Proposal 2: With considering all used PRBs’ situations in a MIMO cell, a measurement named “Average value of scheduled MIMO layers per PRB” is suggested. It provides the average number of allocated MIMO layers per PRB for a MIMO cell.
4
Detailed proposal

SA5 is asked to endorse the following as a possible way forward in the discussions on MIMO's improvement on cell capacity:

·   The industry needs to explore an effective method to evaluate the number of layer in a MIMO cell, which will help operators to know how much the MIMO cell capacity is.
·   A measurement method named “Average value of scheduled MIMO layers per PRB” is suggested. It provides the average number of allocated MIMO layers per PRB for a MIMO cell.
