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1. Introduction
Up to the last meeting, while several [1][2][3][4][5] papers tried to tackle the issues on total L2 buffer size, there are still open. This paper aims to resolve following remaining issues:

Issue1: Uplink-buffering component
Issue2: Equation for MR-DC without split bearer

Issue3: Concrete equation for MN/SN terminated split bearer

Issue4: Values of RLC RTT used for L2 buffer calculation
2. Discussion
2.1. Issue1: UL buffering component
[2] proposed to clarify the implication of “MaxULDataRate * RTT” used to calculate L2 buffer size for MR-DC as agreed in RAN2#98bis.

	The same formula as in LTE DC is used to determine the required L2 buffer size for split bearer operation in NR/MR-DC: MaxULDataRate * RTT + MaxDLDataRate_SeNB * RTT + MaxDLDataRate_MeNB * (RTT + Xn delay + Queuing in SN) (Calculated for highest rate MR-DC BC)


The above agreement takes LTE-DC as a baseline and we agree to [2] that intention should be clarify. The UL data which we need to take into account is those waiting for RLC-ACK for UL. This data size is determined by the bandwidth delay product of both CGs, i.e. multiplex of UL peak data rate and RLC RTT. Since we assume the same RLC RTT for both MCG and SCG, the formula was described as MaxULDataRate * RTT where MaxULDataRate is sum of UL peak data rate of MCG and SCG. On the other hand, for MR-DC, the situation is different that we may consider the different RLC RTT for each CG. Therefore, it should be clarified that “MaxULDataRate * RTT” in the previous agreement is the sum of MaxULDataRate_MN * RTT_MN and MaxULDataRate_SN * RTT_SN.
Proposal1: With given band configuration (band combination, BPC) in MR-DC, the previously agreed uplink term MaxULDataRate * RTT in the UE’s buffer-size requirement is the sum of MaxULDataRate_MN * RTT_MN and MaxULDataRate_SN * RTT_SN. 
[4] proposed to take the pre-processed L2 PDU into account as additional component. We think that it is true that NW is not aware of the pre-processed data whole such data occupy the parts of total L2 buffer. In that case, NW may under-estimate the buffer usage in the UE and consequently UE may drop some data due to overflow. On the other hand, we think it seems hard to estimate how much data will be pre-processed in the UE since it is up to UE implementation anyway and the worst case may be 1500 bytes * 2^(RLC SN length -1) . Thus, we think that specification should clarify that UE shall not take the pre-processed RLC PDUs into account for total L2 buffer size. 
Proposal2: Specify that UE shall not take the pre-processed RLC PDUs into account for total L2 buffer size.
2.2. Issue2: Equation for MR-DC without split bearer

Currently, the buffer size for MR-DC for non-split bearer is described in TS38.306 as below:

	Otherwise it is calculated by MaxDLDataRate * RLC RTT + MaxULDataRate * RLC RTT


Here, the similar argument as that for UL buffering in the previous section is needed since the RLC RTT in each CG could be different for MR-DC. Since we only have to consider buffering components derived from RLC RTT and peak data rate in each CG, we could re-formulate the equation to the sum of those from CGs. 
Proposal 3: For MR-DC for non-split bearer operation, for a given band combination and applicable BPC, L2 buffer size is the sum of (MaxULDataRate_MN * RTT_MN+ MaxDLDataRate_MN * RTT_MN) and (MaxULDataRate_SN * RTT_SN+ MaxDLDataRate_SN * RTT_SN).
2.3. Issue3: Concrete equation for MN/SN terminated split bearer
In RAN2#101, following was agreed for total L2 buffer calculation for split bearer:
	Agreements

1: For L2 buffer size calculation for MR/NR-DC, both MN terminated split bearer and SN terminated split bearers are considered. FFS about the detailed equation.


[1][2][4] proposed the concrete equations for the agreement but nothing was agreed. We think that the proposals are mostly same. While [2] maximized the DL buffering component, we think the total amount of buffering size (including those for UL) should be evaluated. Thus, proposal3 in [1] can be adopted with Proposal1 
Proposal 4a: For MR-DC, for a given band combination and applicable BPC, L2 buffer size is the maximum value of the calculation from equations (1) and (2):

L2 buffer size = MaxULDataRate * RTT + MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN)                            ------ (1)

L2 buffer size = MaxULDataRate * RTT + MaxDLDataRate_MN * RTT_MN + MaxDLDataRate_SN * (RTT_MN + Xn delay + Queuing in MN)                           ------ (2)
One issue here is the value of “X2 delay + Queuing in MN”. The current 25ms of X2 delay + Queuing in SN is assuming the MCG split bearer. Since the eNB and gNB may have different processing and scheduling delay, we need further discuss what value should be used for SCG split bearer case. 
Proposal 4b: Discuss the value of X2 delay + Queuing in MN.
2.4. Issue4: Values of RLC RTT used for L2 buffer calculation

[1-5] proposed the diverse values of HARQ/RLC RTT used for L2 calculation. The main arguments hare are following:
- RLC RTT used for NR CA with multiple numerologies

- How to derive RLC RTT from HARQ RTT
- HARQ RTT per SCS
We will address one-by-one below:
RLC RTT used for NR CA with multiple numerologies

In NR CA, different CC can have its own supported numerology and [1] proposed to take the smallest SCS numerology supported in the band combination and BPC to determine RLC RTT for NR cell group. We think such methodology can be employed to guarantee the better dimension of total L2 buffer size for NR CA. [4] also proposed to use the specific value of SCS depending on FR (i.e. 15kHz for the band combination including FR1 and 60kHz for the band combination including FR2). If we can assume such that specific SCS will be supported for specific FR, we may simplify the methodology of L2 buffer calculation somehow, e.g. UE and NW can decide the SCS used for the calculation by whether FR1 CC is included in the supported band combination. Thus, it is proposed to take the smallest SCS as a baseline and discuss whether we can assume specific SCS for specific FR. 
Proposal5a: As a baseline, for given band combination of NR CG, the RLC RTT for the smallest SCS is used.
Proposal5b: Discuss whether we can assume specific SCS for specific FR.
How to derive RLC RTT from HARQ RTT
[1][2][5] proposed the different methodologies on how to derive RLC RTT from HARQ RTT. The idea seems that the value for the specific SCS is derived by the baseline value (e.g. value for 15kHz) and the scaling factor (determined by the ratio of SCS). This scaling is also applied for the margin and thus the RLC RTT is laniary scaled-down for larger SCS. While we confirm that it is true in theory, we wonder if the RLC RTT of the actual NW is so. This is because that the assumption of such methodology is that L2 processing time in the UE can be also reduced based on the slot length. From our LTE experience, even high-end UE had some L2 processing time and UE cannot react to the status reporting trigger immediately. Consequently, the RLC RTT was practically larger than we originally expected (e.g. 15ms longer). From that observation, we think it will be too aggressive assumption that margin can be scaled-down also. It is hard to estimate how long of L2 processing delay should be assumed now and we can assume some example value, e.g. 15ms. Considering the number of HARQ transmission is around 5 or 6 as in LTE (and this is numerology specific), we can derive RLC RTT by sum of 5 * HARQ RTT and the fixed L2 processing delay (e.g. 15ms). 
Proposal6: RLC RTT is derived by sum of 5 * HARQ RTT and the fixed L2 processing delay (e.g. 15ms).
HARQ RTT per SCS

Regarding the HARQ RTT assumption per SCS, several papers had their own calculation methodology. While some paper had analysed detailed calculation based on the parameters used in RAN1, we may consider simpler method. Specifically, we can consider the slot length for SCS and the maximum number of HARQ process which RAN1 supports (16 processes), i.e. HARQ RTT equals to 16 * slot length. While the fast HARQ RTT can be useful to improve the performance due to fast retransmission, we should consider that NW may fully utilize the 16 HARQ process d due to processing time of scheduling. From NW scheduling perspective, NW may satisfy the processing delay even with 8 HARQ processes for 15kHz (as for LTE). In that case, the HARQ RTT will be 40ms resulting that RLC RTT is 55ms (in combination of 15ms of L2 processing time) which is around the RLC RTT used in UP session (50ms). Following table summarizes the proposed values per SCS. 
Table1: Proposed RLC RTT per SCS

	SCS [kHz]
	Slot length [ms]
	HARQ process
	L2 processing time [ms]
	RLC RTT [ms]

	15
	1
	8
	15
	55

	30
	0.5
	16
	15
	55

	60
	0.25
	16
	15
	33

	120
	0.125
	16
	15
	25


Proposal7: Take following values for RLC RTT for NR CG:
	SCS (KHz)
	RLC RTT (ms)

	15KHz
	55

	30KHz
	55

	60KHz
	35

	120KHz
	25


3. Summary and Conclusion

This contribution addressed the remaining issues on total L2 buffer size and followings are proposed:
Proposal1: With given band configuration (band combination, BPC) in MR-DC, the previously agreed uplink term MaxULDataRate * RTT in the UE’s buffer-size requirement is the sum of MaxULDataRate_MN * RTT_MN and MaxULDataRate_SN * RTT_SN. 
Proposal2: Specify that UE shall not take the pre-processed RLC PDUs into account for total L2 buffer size.
Proposal3: For MR-DC for non-split bearer operation, for a given band combination and applicable BPC, L2 buffer size is the sum of (MaxULDataRate_MN * RTT_MN+ MaxDLDataRate_MN * RTT_MN) and (MaxULDataRate_SN * RTT_SN+ MaxDLDataRate_SN * RTT_SN).
Proposal4a: For MR-DC, for a given band combination and applicable BPC, L2 buffer size is the maximum value of the calculation from equations (1) and (2):

L2 buffer size = MaxULDataRate * RTT + MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + X2 delay + Queuing in SN)                            ------ (1)

L2 buffer size = MaxULDataRate * RTT + MaxDLDataRate_MN * RTT_MN + MaxDLDataRate_SN * (RTT_MN + X2 delay + Queuing in MN)                           ------ (2)
Proposal 4b: Discuss the value of X2 delay + Queuing in MN.

Proposal5a: As a baseline, for given band combination of NR CG, the RLC RTT for the smallest SCS is used.
Proposal5b: Discuss whether we can assume specific SCS for specific FR.
Proposal6: RLC RTT is derived by sum of 5 * HARQ RTT and the fixed L2 processing delay (e.g. 15ms).
Proposal7: Take following values for RLC RTT for NR CG:

	SCS (KHz)
	RLC RTT (ms)

	15KHz
	55

	30KHz
	55

	60KHz
	35

	120KHz
	25


The corresponding CR to TS38.306 is provided in [6]
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