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1	Introduction
In RAN2#101, L2 buffer size calculation was discussed. For EN-DC, the formula for calculating LTE data rate and the LTE RLC RTT (75ms) were agreed. There was also an offline on the corresponding RLC RTT to be used for NR, but there was no conclusion on the value. It was also agreed for MR-DC that both MN and SN terminated split bearer should be considered in the buffer calculation: 
Agreements
[bookmark: _Hlk509314863]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.
2: 	For L2 buffer size calculation, RLC RTT for E-UTRA cell group is 75 ms.
In this contribution, we continue the discussion and address NR RLC RTT for 15kHz and L2 buffer size calculation for split bearer.
[bookmark: _Ref178064866]2	Discussion
2.1	NR RLC RTT for 15kHz SCS
During AH#1801 it was agreed that:
Agreements:
1 	UE's L2 buffer size requirement is calculated based on the maximum L2 buffer size calculated for each band combination. For each band combination the L2 buffer size is calculated based on the maximum L2 buffer size calculated for each possible BPC.
2	RAN2 will decide the RLC RTT value for each SCS to be used for L2 buffer size calculation. These will be captured in the spec as a table of RLC RTT per SCS (not the method to derive the value)

For 15kHz SCS, different approaches derived the same proposal of a RLC RTT value of 50 ms, based either on the NR U-Plane discussion of PDCP SN size or HARQ RTT [1],[2],[3], which thus can be considered a reasonable value for 15KHz SCS. 
[bookmark: _Toc510686575][bookmark: _Toc510686607][bookmark: _Toc510698067][bookmark: _Toc510740106][bookmark: _Toc510740245]RLC RTT value of 50 ms is applied for 15KHz SCS.
Whether it is necessary to consider also the RLC RTT resulting from other SCSs could be questioned: The L2 buffer size is not something that the UE determines or updates upon runtime. It is rather an input to the design choice, i.e., to determine the amount of memory to be put into a UE. This amount of memory must match the highest possible data rate that this UE supports in combination with the highest possible L2 RTT that may occur in this case. 
The data rate that a UE can achieve on a carrier of a certain bandwidth (in MHz) is (almost) independent of the SCS (for a larger SCS there are fewer but wider PRBs in frequency domain and more but shorter symbols in time domain). 
The RTT decreases with increasing SCS. However, on FR1 all UEs shall support the lowest SCS of 15 kHz. Even if they support higher SCS, they must all be able to operate properly with the lowest SCS supported. 
It should also be noted that for CA and DC the L2 buffer must account for the largest possible RTT that may occur on any of the paths. Hence, even if one carrier or one cell group operates on a lower SCS, the L2 buffer size required for a split bearer must take the RTT of the carrier with the lowest SCS into account. Therefore, the only practical case where one might want to dimension for a large SCS (lower RTT) is that of standalone NR on FR2 where 60 kHz is the baseline SCS. 
Since the required L2 buffer is determined by the product of the highest achievable data rate and the highest possible RTT (which occurs for the lowest possible and mandatory SCS), there is no need to consider lower RTTs than that for 15 kHz SCS for any band combination including one or more carriers on FR1. 
Only for standalone NR on FR2 it may be worth considering dimensioning with the lower RTT resulting from 60 kHz SCS
[bookmark: _Toc510686576][bookmark: _Toc510686608][bookmark: _Toc510698068][bookmark: _Toc510740107][bookmark: _Toc510740246]For all band combinations including one or more carriers on FR1, the required L2 buffer size is determined based on the RLC RTT resulting from SCS=15kHz (50 ms).
[bookmark: _Toc510698069][bookmark: _Toc510740108][bookmark: _Toc510740247]For other band combinations (not containing any carrier on FR1) the required L2 buffer size is determined using the lower RLC RTT resulting from SCS=60 kHz.
2.2	How to consider both MN and SN terminated split bearer
In RAN2#101, it was agreed that both MN and SN terminated split bearers should be considered when calculating L2 buffer for MR-DC, but it was left FFS how. In email discussion [RN-AH1801#09] [1], the following formulas were listed for MN and SN terminated split bearers respectively:
L2 buffer size = MaxULDataRate * RTT_SN + MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN)                            ------ (1)
L2 buffer size = MaxULDataRate * RTT_MN + MaxDLDataRate_MN * RTT_MN + MaxDLDataRate_SN * (RTT_MN + Xn delay + Queuing in MN)                           ------ (2)

Both calculations are based on the same principle as was used for calculating L2 buffer size for LTE DC, and was explained in [1]. All companies participating in the email discussion considered that both MN and SN terminated split bearers should be considered by taking the maximum value of each. Nokia pointed out in their company input that for an SN terminated bearer in EN-DC, the worst case could be a packet lost on the MCG, considering that the NR bit rate can be higher than the LTE bit rate, and also the LTE RTT is longer. Thus, whichever combination of MN/SN bit rate and MN/SN RTT that results in the greatest buffering requirement should be used. Same reasoning applies for the uplink.
Thus, we come to the following formula:
L2 buffer size = Max UL L2 buffer size + Max DL L2 buffer size
where, 
[bookmark: _GoBack]Max UL L2 buffer size = Max{MaxULDataRate_SN * RTT_SN + MaxULDataRate_MN * (RTT_SN + Xn delay + UE_PreprocessingDepth); MaxULDataRate_MN * RTT_MN + MaxULDataRate_SN * (RTT_MN + Xn delay + UE_PreprocessingDepth)} }
Max DL L2 buffer size = Max{MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN); MaxDLDataRate_MN * RTT_MN + MaxDLDataRate_SN * (RTT_MN + Xn delay + Queuing in MN)}
Obviously, there is no "Queuing in SN" for the UL operation. However, if UEs intend to pre-process data and shift it from PDCP to one of their RLC TX entities prior to receiving the UL grants, this will also increase the amount of L2 data in flight. The gNB is not aware whether or not and how much pre-processing the UE performs. It can only ensure that the actual amount of data in flight stays below the L2 buffer size requirement. Hence, the UE must account for additional memory if it intends to pre-process L2 PDUs. Therefore, the formula for the UL buffer size contains the UE_PreprocessingDepth. 
Thus we make the following proposals:
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc510686577][bookmark: _Toc510686609][bookmark: _Toc510698070][bookmark: _Toc510740109][bookmark: _Toc510740248]The following formula is used to calculate the minimum L2 buffer size: 
L2 buffer size = Max UL L2 buffer size + Max DL L2 buffer size. 
[bookmark: _Toc510686579][bookmark: _Toc510686611][bookmark: _Toc510698072][bookmark: _Toc510740110][bookmark: _Toc510740249]Max UL L2 buffer size = Max{
MaxULDataRate_SN * RTT_SN + MaxULDataRate_MN * (RTT_SN + Xn delay + UE_PreprocessingDepth); 
MaxULDataRate_MN * RTT_MN + MaxULDataRate_SN * (RTT_MN + Xn delay + UE_PreprocessingDepth)}
}
[bookmark: _Toc510686580][bookmark: _Toc510686612][bookmark: _Toc510698073][bookmark: _Toc510740111][bookmark: _Toc510740250]Max DL L2 buffer size = Max{
MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN); 
MaxDLDataRate_MN * RTT_MN + MaxDLDataRate_SN * (RTT_MN + Xn delay + Queuing in MN)
}



3	Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	RLC RTT value of 50 ms is applied for 15KHz SCS.
Proposal 2	For all band combinations including one or more carriers on FR1, the required L2 buffer size is determined based on the RLC RTT resulting from SCS=15kHz (50 ms).
Proposal 3	For other band combinations (not containing any carrier on FR1) the required L2 buffer size is determined using the lower RLC RTT resulting from SCS=60 kHz.
Proposal 4	The following formula is used to calculate the minimum L2 buffer size:  L2 buffer size = Max UL L2 buffer size + Max DL L2 buffer size.
Proposal 5	Max UL L2 buffer size = Max{ MaxULDataRate_SN * RTT_SN + MaxULDataRate_MN * (RTT_SN + Xn delay + UE_PreprocessingDepth);  MaxULDataRate_MN * RTT_MN + MaxULDataRate_SN * (RTT_MN + Xn delay + UE_PreprocessingDepth)} }
Proposal 6	Max DL L2 buffer size = Max{ MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN);  MaxDLDataRate_MN * RTT_MN + MaxDLDataRate_SN * (RTT_MN + Xn delay + Queuing in MN) }
[bookmark: _Toc510686581]
[bookmark: _In-sequence_SDU_delivery]4	References
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