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1	Introduction
In this contribution we discuss basic principles for identification of the bursts on PDCP SDU level in CU UP which is prerequisite for definition of DL PDCP buffered throughput per UE and bearer.
2	Discussion
2.1	Background
Observation 1: Definition of the “DL PDCP buffered throughput per UE and bearer” is currently missing.
According to A.33 of the 3GPP TS 28.552 to monitor DL PDCP buffered throughput per UE and bearer is essential, to ensure end user satisfaction and well functioning and well configured cells.  If an end user often experiences low quality during use of a service, the end-user might change wireless subscription provider, i.e. loss of income for the network operator.
Observation 2: Division of the PDCP SDU frames into the bursts is hidden for CU UP.
The major blocking point to define “DL PDCP buffered throughput per UE and bearer” is proper evaluation of the time component of the “DL PDCP buffered throughput per UE and bearer”. In case of gNB split scenario the CU UP has no knowledge about the PDCP PDUs in DU. It means that the time the PDCP PDU spend in the DU buffer when it is sent to UE via air interface is completely hidden for CU UP. Due to this fact CU UP can neither have a visibility to formation of the PDCP SDU packets into the bursts.
2.2	How to identify the burst on PDCP SDU level in CU UP?
Burst on PDCP SDU level is defined as series of one or more PDCP SDUs related to the given bearer of UE and keeping the data in any buffer of gNB during the burst existence. Basically, it means that burst starts in point in time new PDCP SDU has arrived to gNB with empty buffer and ends after last PDCP SDU is emptying the gNB buffer. To transmit user data between CU and DU so-called flow control algorithm (3GPP TS 38.425) is used. 
The flow control algorithm is based on the Little’s law. The Little’s law provides a way to estimate the amount of time spent in the buffer by certain “object” based on number of incoming “object” (say L) and the departure rate of the “object” out of the queue (say ƛ). The time spent queuing by the "object" W = L/ ƛ. Flow control has a way to determine the maximum buffering threshold T. When a new "Object' arrives, if W calculated for it does not exceed T, the "Object" is allowed to be sent out.
The “Desired buffer size for data radio bearer” which is regularly reported via DDDS feedback [TS 38.425] from DU to CU represents an amount of data to be sent for the given bearer of UE from CU to DU on PDCP PDU level. Considering the “DDDS reporting period time interval” as time interval between two consequent DDDS feedback an “Achievable DRB throughput” given as ratio of the “Desired buffer size for data radio bearer” and “DDDS reporting period time interval”  may be constructed. In relation to Little’s law the “Achievable DRB throughput” is mapped to ƛ and incoming “object” can be mapped to an PDCP PDU frame which was received by DU from CU. Then the PDCP PDU time spent in the buffer in DU may be estimated as: PDCP PDU Volume/“Achievable DRB throughput”.
Example 1: Let us consider in point of time T0 a PDCP SDU has arrived to empty gNB buffer which means that for the particular DRB of the UE there is not any other PDCP SDU in CU UP waiting for transmission to DU nor there is any PDCP PDU in the DU buffer. Let’s further consider last reported “Desired buffer size for data radio bearer” equal to 50 MB, and “DDDS reporting period time interval” equal to 20 ms. Let’s further consider the PDCP SDU consequently mapped to PDCP PDU was received in DU in the point of time T1 (can be obtained as point in time when PDCP PDU sent from CU to DU plus F1 delay). Considering the PDCP PDU volume is 10 MB the time PDCP PDU spent in the buffer in DU is given as PDCP PDU Volume/“Achievable DRB throughput” = 10 MB/2.5 GB/s = 4ms where “Achievable DRB throughput” = “Desired buffer size for data radio bearer”/ “DDDS reporting period time interval” = 50 MB/20ms = 2.5 GB/s. Considering that after the PDCP PDU is moved out from the DU buffer and there is not any other PDCP PDU in CU UP nor anyone in the DU buffer, the burst in this example consists of just one PDCP SDU and starts in the point in time T0 and ends in the point in time T1 + 4ms.
Example 2: Let’s consider the same as what was assumed in Example 1 considering that PDCP SDU is marked as PDCP SDU1 and in addition two more PDCP SDUs 2 and 3 received in CU in point T2 and in DU in point T3, and in CU in point T4 and in DU in point T5, respectively. Let’s further consider the volume of PDCP SDU 2 is 15 MB and PDCP SDU 3 is 25 MB. Let’s also consider all three PDCP SDUs are related to the same DDDS period. The example is illustrated in Fig.1. As we can see from the Fig.1 the PDCP SDU2 is received in CU in time T2 when PDCP PDU1 is still in the DU buffer thus PDCP SDU1 and 2 belong to the same burst. Considering the volume of PDCP PDU1 and 2 and /“Achievable DRB throughput” (which is identical as in Example 1) the time those two packets need to spend in the DU buffer is (PDCP PDU 1+ 2 Volume)/“Achievable DRB throughput” = 25 MB/2.5 GB/s = 10 ms. As indicated in Fig.1 the “Time in DU buffer for PDCP PDU1” overlaps with the “Time in DU buffer for PDCP PDU2”, both calculated based on Little’s law. However, to consider the start of “Time in DU buffer for PDCP PDU2” in point of time T3 would mean that the PDCP PDU1 and 2 spend time in DU buffer related to throughput which exceeds the “Achievable DRB throughput”. Therefore, there must be taken the following rule into the consideration:
In case the PDCP PDUi is received in DU while the previously received PDCP PDUi-1 is still in the DU buffer, the time in DU buffer for PDCP PDUi starts to be counted in the point in time the PDCP PDUi-1 has been moved out from the DU buffer. Or simply the time in DU buffer for PDCP PDUi and PDCP PDUi-1 is counted commonly as (PDCP PDUi + i-1 Volume)/“Achievable DRB throughput” and starts to be counted in the point in time when PDCP PDUi-1 is received in DU.
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Fig. 1 Burst identification on PDCP SDU level in CU UP in example
As further indicated in Fig. 1 the PDCP PDU3 is received in CU in time T4 when PDCP PDU2 is in the DU buffer thus it belongs to the same burst. The PDCP PDU3 is received in DU in time T5 when PDCP PDU2 is still in the DU buffer and thus the same principle is used for PDCP PDU2 to add contribution of the PDCP PDU3 to the burst duration will apply. The next packet is PDCP SDU4 which is received in CU when there is no other PDCP SDU wating for transmission to DU nor the ones mapped to PDCP PDUs and sent to DU are in the DU buffer. Therefore, the PDCP SDU4 indicates start of new burst.  In this example the burst consists of PDCP SDU1,2 and 3 and starts in the point T0 and ends in the point T6.
In case of NSA option 3x the same principle to obtain “Time in MeNB buffer for PDCP PDU” on LTE leg is applied considering the “Achievable DRB throughput” constructed as ratio of the “Desired buffer size r for E-RAB” and “DDDS reporting period time interval” where “Desired buffer size for E-RAB” is part of last DDDS feedback [TS 36.425] reported from MeNB to CU UP via X2 interface.
Proposal: Identification of the bursts on PDCP SDU level in CU UP which is prerequisite for definition of DL PDCP buffered throughput per UE and bearer shall be done based on Little’s law. 
3	Conclusion
This contribution deals with basic principles for identification of the bursts on PDCP SDU level in CU UP which is prerequisite for definition of DL PDCP buffered throughput per UE and bearer. Based on the analysis and following observations:
Observation 1: Definition of the “DL PDCP buffered throughput per UE and bearer” is currently missing.
Observation 2: Division of the PDCP SDU frames into the bursts is hidden for CU UP.
We propose:
Proposal: Identification of the bursts on PDCP SDU level in CU UP which is prerequisite for definition of DL PDCP buffered throughput per UE and bearer shall be done based on Little’s law.
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