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1. Introduction
In the last meeting, RAN2 made progress on the total L2 buffer calculation and the corresponding CR was endorsed [1]. This contribution addresses the following remaining issues:
Issue1: Equation for Total L2 buffer size for MR-DC
Issue2: Value of “X2/Xn delay + Queuing in MN”
2. Discussion
2.1. Issue1: Equation for Total L2 buffer size for MR-DC
In [1], following equation was agreed:
The required total layer 2 buffer size in MR-DC and NR-DC is calculated by maximizing following: 

· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * (RLCRTT_SN + X2/Xn delay + Queuing in SN)
· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * RLCRTT_MN + MaxDLDataRate_SN * (RLCRTT_MN + X2/Xn delay + Queuing in MN)

The above equation is based on that in LTE-DC with split bearer. In the equations, as delay component, the bandwidth delay product of each leg is considered and the delay to be taken into account for each leg considers the longer one. For example, the first equation above addresses the MN terminated split bearer where the data forwarded from MN and SN will experience more delay compared with those transmitted from MN to the UE directly as illustrated in Figure1. Due to such additional delay in SCG side, the bandwidth delay product of MCG is calculated by MCG DL data rate and the sum of RLC RTT_SN, X2 delay and Queuing delay in SN. 
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Figure1. The illustration of DL buffer component of MCG and SCG for LTE-DC
At that time, the equation made sense since the same RLC RTT values are assumed for both legs, i.e. it is always true that RLC RTT_MN < (RLC RTT_SN + X2 delay + Queuing delay). 
Observation1: The current equations are under assumption that the path (i.e. SCG for MN terminated split and MCG for SN terminated split) including X2 has longer delay  than the other.

On the other hand, the situation is not same in EN-DC since the different RLC RTT values are assumed for different leg. Specifically, in the last meeting, following table was agreed for RLC RTT in NR leg while we still assume 75ms for LTE leg:
Table 1: Agreed RLC RTT for NR cell group per SCS.

	SCS (KHz)
	RLC RTT (ms)

	15KHz
	50

	30KHz
	40

	60KHz
	30

	120KHz
	20


Also, the value of “X2/Xn delay + Queuing in SN” was agreed 25ms. Consequently, the RLC RTT_MN can be greater than (RLC RTT_SN + X2 delay + Queuing delay) as in Table2:
	RLC RTT in SN
	RLC RTT_SN + X2 delay + Queuing delay
	RLC RTT_MN

(LTE RLT RTT)
	Long delay?

	[Ref.]LTE-DC
	75ms
	105ms (=75+130(*1))
	75ms
	RLC RTT_SN + X2 delay + Queuing delay

	EN-DC

(NR leg)
	SCS: 15kHz
	50ms
	75ms (=50+25)
	75ms
	Same

	
	SCS: 30kHz
	40ms
	65ms (=40+25)
	75ms
	RLC RTT_MN

	
	SCS: 60kHz
	30ms
	55ms (=30+25)
	75ms
	RLC RTT_MN

	
	SCS: 120kHz
	20ms
	45ms (=20+25)
	75ms
	RLC RTT_MN


*1: 130ms was assumed in LTE-DC
As foreseen in Table2, in case of 30kHz, 60kHz and 120kHz of NR SCS, the RLC RTT_MS is longer delay. Such relationship implies that unlike in LTE-DC, we should consider RLC RTT_MS to calculate DL buffering components as illustrated in Figure2. Otherwise, UE will implement the total L2 buffer less than actually required. 
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Figure2. The illustration of DL buffer component of MCG and SCG for EN-DC

Thus, we think the current equation does not address the worst case as per imbalance of total latency of each leg.
Observation2: In EN-DC, the path including X2 (i.e. SCG for MN terminated split) can have shorter delay than the other.

Therefore, we should take all the cases into account to calculate total L2 buffer size in the worst case. Specifically, we need to consider maximum value of following:

Case1) MN terminated split (SCG path has longer delay) (already covered)
Case2) MN terminated split (MCG path has longer delay) (not covered yet)
Case3) SN terminated split (MCG path has longer delay) (already covered)
Case4) SN terminated split (SCG path has longer delay) (not covered yet)
It is noted that the 4th bullet may not be used for EN-DC but may be used for NE-DC. 

Since the current TP covers 1st and 3rd cases, we can add the corresponding equations to 2nd and 4th cases which can be following:
Case2) MaxDLDataRate_SN * (RLCRTT_MN - X2/Xn delay - Queuing in SN) + MaxDLDataRate_MN * RLCRTT_MN
Case4) MaxDLDataRate_MN * (RLCRTT_SN - X2/Xn delay - Queuing in MN) + MaxDLDataRate_SN * RLCRTT_SN
Proposal1: Total L2 buffer size for MR-DC and NR-NR DC is calculated by taking the maximum of followings

· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * (RLCRTT_SN + X2/Xn delay + Queuing in SN)
· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_SN * (RLCRTT_MN - X2/Xn delay - Queuing in SN) + MaxDLDataRate_MN * RLCRTT_MN
· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * RLCRTT_MN + MaxDLDataRate_SN * (RLCRTT_MN + X2/Xn delay + Queuing in MN)
· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * (RLCRTT_SN - X2/Xn delay - Queuing in MN) + MaxDLDataRate_SN * RLCRTT_SN

2.2. Issue2: Value of “X2/Xn delay + Queuing in MN”
The other remaining issue is the value of “X2/Xn delay + Queuing in MN”. In the past meeting, RAN2 discussed “X2/Xn delay + Queuing in SN” (for MN terminated bearer) and agreed 25ms to relax the buffer requirement in UE compared with LTE-DC. For “X2/Xn delay + Queuing in MN” (for SN terminated bearer), it was proposed to take the same value (25ms) in the last meeting. However, we think that 25ms should be too aggressive for EN-DC for following reasons:
- The latency of eNB processing would not be greatly improved since the existing base stations are utilized.

- The backhaul provisioning will not be replaced easily

- The flow control of multi-vendor operation may be sub-optimal
It is noted that we think that the requirement of very low latency of 5G is not applied for LTE leg. Also, the value in LTE-DC (130ms) was decided by the simulation results [2] and no numerical evaluation was done in the discussion in NR so far. Thus, we would not like to take too aggressive value for SN terminated bearer even if we try to reduce the assumed latency to relax UE requirement somehow. One possible compromise is to assume the similar latency improvement of Uu (RLC RTT) to the “X2/Xn delay + Queuing in MN”. Specifically, based on the current agreements, value of “X2/Xn delay + Queuing in SN” and that for NR RLC RTT are comparable (25ms vs. 35ms@ave). Thus, if we take the same proportion for “X2/Xn delay + Queuing in MN”, the possible value is around 55ms (75ms * (25/35)). 
Proposal2: Take 55ms as value of “X2/Xn delay + Queuing in MN”.

3. Summary and Conclusion

This contribution addressed the remaining issues on total L2 buffer size and followings are proposed:
Observation1: The current equation does not address the worst case as per imbalance of total latency of each leg.
Proposal1: Total L2 buffer size for MR-DC and NR-NR DC is calculated by taking the maximum of followings

· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * (RLCRTT_SN + X2/Xn delay + Queuing in SN)
· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_SN * (RLCRTT_MN - X2/Xn delay - Queuing in SN) + MaxDLDataRate_MN * RLCRTT_MN
· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * RLCRTT_MN + MaxDLDataRate_SN * (RLCRTT_MN + X2/Xn delay + Queuing in MN)
· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * (RLCRTT_SN - X2/Xn delay - Queuing in MN) + MaxDLDataRate_SN * RLCRTT_SN
Proposal2: Take 55ms as value of “X2/Xn delay + Queuing in MN”.

The corresponding Text proposal to TS38.306 based on [3] is provided in annex
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4.1.4
Total layer 2 buffer size

The total layer 2 buffer size is defined as the sum of the number of bytes that the UE is capable of storing in the RLC transmission windows and RLC reception and reordering windows and also in PDCP reordering windows for all radio bearers.

The required total layer 2 buffer size in MR-DC and NR-DC is calculated by taking maximum value of following: 

· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * (RLCRTT_SN + X2/Xn delay + Queuing in SN)
· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_SN * (RLCRTT_MN - X2/Xn delay - Queuing in SN) + MaxDLDataRate_MN * RLCRTT_MN
· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * RLCRTT_MN + MaxDLDataRate_SN * (RLCRTT_MN + X2/Xn delay + Queuing in MN)
· MaxULDataRate_MN * RLCRTT_MN + MaxULDataRate_SN * RLCRTT_SN + MaxDLDataRate_MN * (RLCRTT_SN - X2/Xn delay - Queuing in MN) + MaxDLDataRate_SN * RLCRTT_SN
Otherwise it is calculated by MaxDLDataRate * RLC RTT + MaxULDataRate * RLC RTT. 
NOTE: Additional L2 buffer required for preprocessing of data is not taken into account in above formula
The required total layer 2 buffer size is determined as the maximum total layer 2 buffer size of all the calculated ones for each band combination and the applicable Feature Set combination in the supported MR-DC or NR band combinations. The RLC RTT for NR cell group corresponds to the smallest SCS numerology supported in the band combination and the applicable Feature Set combination.
wherein

X2/Xn delay + Queuing in SN = 25ms
X2/Xn delay + Queuing in MN = 55 ms
RLC RTT for EUTRA cell group = 75ms

RLC RTT for NR cell group is defined in Table 4.1.4-1

Table 4.1.4-1: RLC RTT for NR cell group per SCS.

	SCS (KHz)
	RLC RTT (ms)

	15KHz
	50

	30KHz
	40

	60KHz
	30

	120KHz
	20


	End of change
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