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	Reason for change:
	There are mainly two motivations for PRB Usage. First motivation is to help operators or network vendors to decide whether the capacity of the cell needs to be expanded. Second motivation is for inter-cell load balancing.
PRB Usage has been defined in TS 28.552 in Rel-16. However, the main drawback for the current definition for PRB Usage is that they didn’t taketaking MIMO layer and MU-MIMO into consideration. Without considering the MIMO, it may happen that the calculated PRB Usage is always much larger than the actual value reality.
So, new measurements for PRB Usage are required to beis introduced in TS 38.314 to reflect multiple MIMO layers and MU-MIMO.
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[bookmark: _Toc500511687][bookmark: _Toc501040585]<< Start of changes >>
[bookmark: _Toc527969756][bookmark: _Toc23029790][bookmark: _Toc22986229][bookmark: _Toc22987257][bookmark: _Toc43234898][bookmark: _Toc43242690][bookmark: _Toc46328555]4	Layer 2 measurements
[bookmark: _Toc518704828][bookmark: _Toc23029792][bookmark: _Toc22986231][bookmark: _Toc22987259][bookmark: _Toc43234900][bookmark: _Toc43242692][bookmark: _Toc46328558][bookmark: _Toc52580196]4.2.1	Measurements valid for all gNB deployment scenarios
<< Partially omitted >>
[bookmark: _Toc43234925][bookmark: _Toc43242717][bookmark: _Toc46328583][bookmark: _Toc52580221]4.2.1.6	Other measurements defined in TS 28.552
The granularity for PDCP SDU Data Volume measurement defined in TS 28.552 [2] is per DRB per UE.
The granularity for Average UE throughout measurement defined in TS 28.552 [2] is per UE and per DRB per UE.
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)
4.2.1.x	PRB Usage for MIMO
[bookmark: _Toc43234928][bookmark: _Toc43242720][bookmark: _Toc46328586][bookmark: _Toc52580224]4.2.1.x.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. 	Comment by Nokia: We were wondering about the term interpretation in specifications-wide context. I.e. it should be aligned with RAN1 specific understanding to have clarity on the use case of MIMO layers. Thus, we prefer to ask RAN1 if this is correct and self-explanatory to use Massive MIMO term.	Comment by CMCC3: ‘MIMO layer’ term is widely used in 38.300, 38.331. For example, in 38.300, it captured the UE assistance information to report the UE preferred maximum MIMO layers.

But in RAN1 spec, e.g. 38.212 and 38.211, when it refers to layer, the spec use ’DMRS port’ or ‘transmission layer’.

‘Massive MIMO’ is not utilized in spec. 
We suggest to change ‘Massive MIMO’ to ‘MIMO’.
We don’t have strong view. Considering 38.314 is RAN2 spec, we thought ‘MIMO layer’ would be fine.
We are ok to ask RAN1 for checking the term. 

But the feedback from RAN1 may need a long time, since RAN1 is busy. We suggest we agree on this CR for now to meeting the urgent deployment requirement. And the wording can be changed based on RAN1’s feedback at any time.
Protocol Layer: MAC, PHY
Table 4.2.1.x.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	Comment by Ericsson: I think we need to update this metric. The current metric does not account for variations during the measurement interval. Consider the following scenario. 

There are two UEs in the cell. 

 Between 0-40 ms
 UE-1 is scheduled with 10% of the PRBs and with 2 layer MIMO
 UE-2 is scheduled with 90% of the PRBs and with 1 layer MIMO
 Between 41-100 ms 
UE-1 is scheduled with 40% of the PRBs and with 1 layer MIMO
 UE-2 is scheduled with 60% of the PRBs and with 2 layer MIMO

Under these circumstances, if T=100 ms,  it is not clear as to how M(T) is computed. 

Therefore, we propose to enhance the measurement to the following:
 


Where ‘j’ is the sampling interval which during the measurement interval 0 to T and N(T) is the total number of samples taken during time T.

	Comment by CMCC3: OK with the correction.
In addition, since RAN1 defined PRB = 12 sub-carrier x 1 symbol, each sampling occasion should be 1 symbol.
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 MIMO in the DL per cell
		Comment by vivo: Since we already have the original value multiplied by 100, so M(T) should be a single integer value from 0 to 100 instead.

The same comment for PUSCH PRB Usage.	Comment by CMCC3: OK
	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 . 	Comment by Nokia: Can we know which standardized RAN1 parameter setting determines the scheduled MIMO layers?	Comment by CMCC3: In TS 38.212 7.3.1.1.2&7.3.1.2.2, it specified that “DCI format 0_1 is used for the scheduling of PUSCH in one cell.”“DCI format 1_1 is used for the scheduling of PDSCH in one cell.”  And the table in this session indicate the value for DCI and the corresponding DMRS ports. N DMRS ports means MIMO layer is N.

In RAN2 spec, e.g. 38.300 and 38.331, ‘MIMO layer’ is used widely.
But in RAN1 spec, e.g. 38.212 and 38.211, when it refers to layer, the spec use ’DMRS port’ or ‘transmission layer’.

We don’t have strong view. Considering 38.314 is RAN2 spec, we thought ‘MIMO layer’ would be fine.


	
	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.

		Comment by QC: I have some concerns with Alpha (
 From the proposal it seems to me that safe mechanism to avoid the utilization going beyond 1 or 100 %.
 One can set alpha very high such that it never goes beyond 1, but it will provide wrong result. 
Alpha cannot be a constant value. In my understanding it should be optimized dynamically with/without OAM help.
 What if the OAM does not set value properly and it goes beyond one?
 Even if OAM sets this value there may temporal high utilization and it can go beyond 1, what should be done in such scenario.
 If only concern is that it should not go beyond 1 or 100%. Why don’t you take min
Same concern I have for PUSCH PRB usage. 	Comment by vivo: Share the same view with QC.	Comment by CMCC2: Yes. 
Operator and network vendor will perform lots of field trial before work out a proper constant integer Alpha to be applied to millions of gNBs, in order to make sure the results of this measurement will fairly evaluate the PRB usage. In general, if the results go beyond 70% (which is the overload threshold), operator will consider this cell as overload, and find ways, such as offloading or activate more carriers.
 Sorry, but Alpha has to be a constant value and should not be dynamically changed, in order to give a fair observation and comparison among hundands of gNBs for OAM. Alpha can be modified by OAM, if operator find out it is not feasible anymore, but shouldn’t change too dynamically.
That should be avoid during field trial. The PRB Usage defined in TS 28.552 will always be ‘1’, if Massive MIMO is configured. It makes operator difficult to set the overload threshold properly.
When the PRB usage go beyond 1 or beyond the overload threshold, offloading or carrier activation can be triggered.
If such matrix is utilize, the result will always be ‘1’, if Massive MIMO is configured. It cannot fairly show the true PRB Usage. That’s what we want to avoid.	Comment by Nokia: We were wondering about the right value of Alpha. In our understanding tis could require an update/change or it can be that different operators apply different value. If this is set in an operator network as constant we understand that any change of Alpha would result in a change of the load on the Cell. In this case it may be challenging to get to know the right Alpha value for millions of gNBs? Is the measurement to be sent on Xn too? If no, it may be difficult to achieve common value for all gNBs. In case yes,  any change of the Alpha (in the trial attempts)  will cause change of the load and it may be very difficult to get to know the right value.
	Comment by CMCC3: Yes, Alpha can be updated by OAM only if we find it inappropriate. I just say it will not be changed too dynamically.
Maybe Alpha can also be set per operator for RAN sharing. I didn’t think much about RAN sharing.
We think it wouldn’t be so difficult to find a proper Alpha value.
Now most of the UEs are only supporting no more than 4 MIMO layers. After the field trial this year, we decide to set Alpha=3 in our real network, and will not change it for a long time. 
Maybe several years later, as more UE will support MIMO layer =8, we will probably update a larger Alpha at that time.
We think the update of Alpha will not be a problem. Both the Alpha and overload threshold should be properly set based on the field trial to avoid any change.
And for now, we have no idea whether this measurement need to transmit through Xn.
	Constant value configured by OAM with integer value range: 1-100. With this parameter,  should not be larger than 100%.


4.2.1.x.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.x.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:
where	Comment by Ericsson: Same comments as above

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 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 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 change >>

