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1	Introduction
The previous RAN2 agreements most relevant to this contribution are copied below.
RAN2#99bis:
2	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)

RAN2 NR AH#1801:
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)

RAN2#101:
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.
2: For L2 buffer size calculation, RLC RTT for E-UTRA cell group is 75 ms

This contribution aims to progress further the dimensioning of the UE L2 buffer size.
2	Discussion
It was previously agreed that the buffer-size requirement is maximized over possible band combinations and BPCs. Here we discuss what the buffer size should be with a given band configuration.
2.1	Uplink-buffering component
Until now, the uplink component of the buffer size has been agreed simply as MaxULDataRate * RTT. In MR-DC, the UE can be configured to transmit over the LTE radio only, or over the NR radio only, and the size of this UL bitrate-delay product will be different on the two radios. Thus, the uplink component of the buffer-size requirement needs to be the maximum of the two bitrate-delay products.
Proposal 1:	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 maximum over the uplinks of MN and SN, i.e. equals 
max { MaxULDataRate_MN * RTT_MN; MaxULDataRate_SN * RTT_SN }.
2.2	Downlink-buffering component
As recognized in the discussion document [1] for RAN2 email discussion NR-AH1801#09, the downlink-buffering component for an MN-terminated split bearer is
MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN)
and by symmetry for an SN-terminated bearer:
MaxDLDataRate_MN * RTT_MN + MaxDLDataRate_SN * (RTT_MN + Xn delay + Queuing in MN).
Again, the UE can be configured with either kind of split bearer, so the downlink component of the buffer-size requirement needs to be the maximum of these two.
Proposal 2:	With given band configuration (band combination, BPC) in MR-DC, the downlink term in the UE’s buffer-size requirement is the maximum over MN-terminated and SN-terminated split bearers, i.e. equals 
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)}.
2.3	RLC RTT
In dimensioning the L2 buffer for LTE, a 72ms RLC RTT was assumed, which equals 9 HARQ RTTs. For NR the fundaments do not seem so different that deviating from this rule would seem justified. The RLC RTT will still be dominated by the amount of time it takes to detect a missing PDU in RLC reception, which is clearly bound to a multiple of HARQ RTTs. In addition, time is needed for RLC NACK and retransmission, which can also be assumed to take some HARQ RTTs.
Proposal 3:	Like with LTE, with NR the RLC RTT is assumed to equal 9 * HARQ RTT (where HARQ RTT is now numerology-specific).
2.4	HARQ RTT
The maximum number of HARQ processes for NR is 16 for both UL and DL. Assuming long-PUCCH for HARQ-ACK, UE processing delay as defined in 38.214 for additional DMRS configuration and 1 ms 2-way fronthaul latency we calculate HARQ RTTs ranging from 2.125 ms to 8 ms.
	Subcarrier spacing [kHz]
	15
	30
	60
	120
	120

	Symbols/TTI
	14
	14
	14
	14
	28*

	TTI duration [ms]
	1
	0,5
	0,25
	0,125
	0,25*

	Cell range [km]
	30
	3
	1
	1
	1

	Propagation RTT (ms)
	0.2
	0.02
	0.0067
	0.0067
	0.0067

	Packet Tx duration
	1
	0,5
	0,25
	0,125
	0,25

	HARQ-ACK duration
	1
	0,5
	0,25
	0,125
	0,25

	UE proc delay (symbols)
	13
	13
	20
	24
	24

	+ slot alignment (symbols)
	28
	14
	28
	28
	28

	UE proc&alignment delay (ms)
	2
	0,5
	0,5
	0,25
	0,25

	NB processing delay (ms)
	2,25
	1,25
	0,75
	0,5
	0,75

	FH 2-way delay (ms)
	1
	1
	1
	1
	1

	Loop RTT
	7,45
	3,77
	2,76
	2,01
	2,51

	Actual HARQ RTT
	8,00
	4,00
	3,00
	2,125
	2,750


*TB repeated across two consecutive slots
Proposal 4:	For the purposes of RLC buffer size calculation, assume 8, 4, 3 and 2 ms HARQ RTT for subcarrier spacings of 15, 30, 60 and 120 kHz respectively.
3	RLC RTT v/s SCS
Based on the analysis in the previous section, the RLC RTT can be computed as follows:
Table 3-1: RLC RTT per SCS
	SCS (KHz)
	RLC RTT (ms)

	15KHz
	72

	30KHz
	36

	60KHz
	27

	120KHz
	18



4	Conclusion
In this contribution, different aspects concerning the dimensioning of the UE L2 buffer size have been considered. In the analysis, the UL and DL buffering components, HARQ RTT per SCS and finally the RLC RTT have been proposed. Based on the above recommendations, the following proposals are made:
Proposal 1:	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 maximum over the uplinks of MN and SN, i.e. equals 
max { MaxULDataRate_MN * RTT_MN; MaxULDataRate_SN * RTT_SN }.
Proposal 2:	With given band configuration (band combination, BPC) in MR-DC, the downlink term in the UE’s buffer-size requirement is the maximum over MN-terminated and SN-terminated split bearers, i.e. equals 
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)}.
Proposal 3:	Like with LTE, with NR the RLC RTT is assumed to equal 9 * HARQ RTT (where HARQ RTT is now numerology-specific).
Proposal 4:	For the purposes of RLC buffer size calculation, assume 8, 4, 3 and 2 ms HARQ RTT for subcarrier spacings of 15, 30, 60 and 120 kHz respectively.
Proposal 5:   Agree to the following RLC RTT values for NR per SCS
	SCS (KHz)
	RLC RTT (ms)

	15KHz
	72

	30KHz
	36

	60KHz
	27

	120KHz
	18
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