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1   Introduction
In RAN3#103bis meeting, it was agree on the TP for TR 37.816 in [1], which captures the data volume based energy efficiency. In this contribution, we intend to discuss energy efficiency of base stations. 
2   Discussion
SA5 defines the following high-level EE KPI to calculate the energy efficiency, which relies on the following principles quoted from TS 28.310 [2]:

********************************Extracted from TS 28.310****************************************

- In NG-RAN, DV is measured per cell;

- In 5GC, DV is measured per NF;

…
- When gNBCU/gNBCU-CP/gNBCU-UP energy consumption is assumed to be very small compared to gNBDU and given that, in some cases, the gNBCU/gNBCU-CP/gNBCU-UP may be virtualized, the present document only considers the energy consumed in gNBDU(s) (in case of split scenarios) and in non-split gNBs. There might be a need for some correction in KPI between the different deployment scenarios.

NOTE: The vendor(s) of 2-split (gNBDU/gNBCU) or 3-split gNB/en-gNB components (gNBDU/gNBCU-CP/gNBCU-UP) may be same or different depending on the implementations.

…
********************************Extracted from TS 28.310****************************************
Observation 1: In NG-RAN, the data volume is measured per cell. 
Observation 2: The present high-level EE KPI only considers the energy consumed in gNB-DU for CU-DU split architecture and in gNB for non-split architecture.

Therefore, the data volume measured per cell shall be valid for all scenarios. 

Observation 3: The data volume shall be measured per NR cell in gNB and gNB-DU.
The data volume is typically measured on the PDCP level, as defined in TS 36.314 [3]. 
********************************Extracted from TS 36.314****************************************

4.1.8.1
Data volume in DL

Protocol Layer: PDCP
	Definition
	Data Volume for MDT in DL. Amount of PDCP SDU bits in downlink delivered from PDCP layer to RLC layer in a measurement period. The measurement is performed per QCI per UE.

The unit is kbit.


4.1.8.2
Data Volume in UL

Protocol Layer: PDCP
	Definition
	Data Volume for MDT in UL. Amount of PDCP SDU bits successfully received by the eNB in uplink in a measurement period. The measurement is performed per QCI per UE.

The unit is kbit.


********************************Extracted from TS 36.314****************************************
This can be done in the gNB for non-split architecture. Actually, it is already supported, as defined in TS 28.552 [4].
********************************Extracted from TS 28.552****************************************
5.1.2
Performance measurements valid only for non-split gNB deployment scenario

5.1.2.1
PDCP Data Volume

5.1.2.1.1
DL PDCP SDU Data Volume Measurements

5.1.2.1.1.1
DL Cell PDCP SDU Data Volume

a) This measurement provides the Data Volume (amount of PDCP SDU bits) in the downlink delivered to PDCP layer. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI) and per S-NSSAI. 
The unit is Mbit.

b)
CC.

c)
This measurement is obtained by counting the number of bits entering the NG-RAN PDCP layers. The measurement is performed at the PDCP SDU level. The measurement is performed per configured PLMN ID and per QoS level (mapped 5QI) and per S-NSSAI. 

d)
Each measurement is an integer value representing the number of bits measured in Mbits (1MBits=1000*1000 bits). The number of measurements is equal to the number of PLMNs multiplied by the number of QoS levels multiplied by the number of S-NSSAIs.
[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) ≤ 100.

e)
The measurement name has the form DRB.PdcpSduVolumeDL_Filter.

Where filter is a combination of PLMN ID and QoS level and S-NSSAI.

Where PLMN ID represents the PLMN ID, QoS representes the mapped 5QI or the QCI level, and SNSSAI represents S-NSSAI. 

f)
NRCellCU.

g)
Valid for packet switched traffic.

h)
5GS .
……
5.1.2.1.2
UL PDCP SDU Data Volume Measurements

5.1.2.1.2.1
UL Cell PDCP SDU Data Volume

a) This measurement provides the Data Volume (amount of PDCP SDU bits) in the uplink delivered from PDCP layer to higher layers. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI) and per S-NSSAI. 
The unit is Mbit.

b)
CC.

c)
This measurement is obtained by counting the number of bits delivered from PDCP layer to higher layers. The measurement is performed at the PDCP SDU level. The measurement is performed per configured PLMN ID and per QoS level (mapped 5QI) and per S-NSSAI. 

d)
Each measurement is an integer value representing the number of bits measured in Mbits (1MBits=1000*1000 bits). The number of measurements is equal to the number of PLMNs multiplied by the number of QoS levels multiplied by the number of S-NSSAIs.
[Total no. of measurement instances] x [no. of filter values for all measurements] (DL and UL) ≤ 100.

e)
The measurement name has the form DRB.PdcpSduVolumeUL_Filter.
Where filter is a combination of PLMN ID and QoS level and S-NSSAI.

Where PLMN ID represents the PLMN ID, QoS representes the mapped 5QI or the QCI level, and SNSSAI represents S-NSSAI. 

f)
NRCellCU.

g)
Valid for packet switched traffic.

h)
5GS.
********************************Extracted from TS 28.552****************************************
Observation 4: Data volume measurements on PDCP layer is already supported by TS 28.552 for non-split gNB architecture.
However, due to the CU-DU split architecture introduced, it is not possible to perform data volume measurements on the PDCP layer for the gNB-DU, since the PDCP layer is present in the gNB-CU. 
An alternative way is to perform the data volume measurements on other levels, e.g. RLC level. 

Proposal: Data volume measurement on RLC level at gNB-DU needs be defined for CU-DU split architecture.
3   Conclusion
In this contribution, we have the following observations and proposes:
Observation 1: In NG-RAN, the data volume is measured per cell.
Observation 2: The present high-level EE KPI only considers the energy consumed in gNB-DU for CU-DU split architecture and in gNB for non-split architecture.
Observation 3: The data volume should be measured per NR cell in gNB and gNB-DU.
Observation 4: Data volume measurements on PDCP level is already supported by TS 28.552 for non-split gNB architecture.
Proposal: Data volume measurements on RLC level in gNB-DU should be supported for CU-DU split architecture.

The corresponding TP is provided in section 5.
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5   Text Proposal

Start of change
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2nd change

5.6
Energy Saving 
5.6.1

Use case description

Editor Note: capture the use cases description and benefits of the use cases
Mobile operators are increasingly aiming at decreasing power consumption in mobile networks to lower their operational expense (OPEX) with energy saving solutions. With the foreseen deployment of more number of network elements in NR, e.g., small base stations with massive MIMO in high-band, energy saving becomes even more urgent and challenging. Energy saving can be achieved through radiated power optimization on air interface (transmission power optimization and lean carrier design), enhanced hardware supporting different sleep mode and coordinated power optimization among different cells. One of the typical energy saving scenario is that capacity boosters are deployed under the umbrella of cells providing basic coverage, the capacity booster can be switched off when its capacity is no longer needed and to be re-activated on a need basis.
In Rel-15 NR WI, some functionality of energy saving has been supported, including cell activation/deactivation over Xn/X2/F1 interface, and peer eNB/gNB are informed by en-gNB/gNB owning the concerned cell about the activation/deactivation actions. In addition to that, NR new features, e.g. sparser RS and SS signals, URLLC, CU/DU architecture and MR-DC should be studied and their need assessed in the energy saving solutions in NR. Furthermore, to support more efficient 4G and 5G synergy, inter-system inter-RAT energy saving solutions should also be studied based on the use cases described as below.

The following use cases for R16 energy saving should be studied:

1) Inter-system inter-RAT energy saving

Scenario a) The gNB connects with 5GC to provide boost capacity, the LTE eNB connects with EPC to provide basic coverage. The NR capacity booster cells may be switched off. The LTE eNB is allowed to activate the dormant capacity booster NR cell.
2) Energy Efficiency of base stations

To calculate the energy efficiency of base stations, ES 203 228 (“Environmental Engineering (EE); Assessment of mobile network energy efficiency”) defines the following high-level EE KPI:
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 In which Mobile Network data Energy Efficiency (EEMN,DV) is the ratio between the performance indicator (i.e. Data Volume DVMN) and the energy consumption (ECMN). The Data Volume DVMN is measured per cell on PDCP layer in gNB. For the split architecture, the Data Volume DVMN is measured per cell on RLC layer in gNB-DU.
3GPP SA5 with ETSI TC EE have identified the list of existing 3GPP performance measurements to be used, per pre-5G radio access technology (GERAN, UTRAN, E-UTRAN), for the calculation of the EE KPI. It should be studied how to achieve the same measures for NG-RAN.
5.6.2 
Solution description

Editor Note: Capture the solutions for the use case, including the procedure for configuration and collection of measurements, necessary procedures and information exchange required for the solution, as well as comparison and evaluation on potential alternative solutions.
For non-split gNB, the Data Volume DVMN is measured per cell on PDCP layer in gNB, as defined in TS 28.552 [x].

For split gNB, the Data Volume DVMN is measured per cell on RLC layer in gNB-DU.
End of changes
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