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1. Introduction
In the last meeting, as per UE capability indication, following was agreed.

	Agreements

-
In NR, the number of supported MIMO layers is signalled as explicit UE capability and not part of a UE category.

-
In NR, the modulation schemes are signalled as explicit UE capability and not part of a UE category.

-
RAN2 assumes that the UE’s band combinations together with the baseband capabilities (modulation scheme, MIMO layers, …) comprise all information necessary to calculate the maximum data rate achievable on each serving cell, in each cell group and per UE.
-
If RAN1 and RAN4 agree with that assumption, RAN2 intends to apply the following: 

-
“A non-DC UE supporting a peak data rate that is lower than the data rate achievable according to the above-mentioned parameters indicates this by a per-UE category (data rate). 

-
However, a UE supporting dual connectivity (MR-DC, NR-NR DC) shall not advertise a category (data rate) that is lower than the highest data rate achievable according to any of the DC band combinations (to avoid the need for inter-node negotiation of the data rate split).”


The implication of the yellow part was the necessary baseband capability is not explicitly specified in RAN2 specification and UE and NW should calculate them based on data rate. This paper focuses on how total L2 buffer size is derived by the data rate.
2. Discussion
In LTE, TS36.306 specifies the total L2 buffer size corresponding to the combination of DL UE category and UL UE category. This buffer is used to store the DL PDU for reordering or reassemble and UL PDU which is not acknowledged yet. This specified value can be used by NW to control DL/UL scheduling such that the L2 buffer overflow is avoided. Therefore, even for NR, this should be specified. 
Proposal1: Specify the total L2 buffer size corresponding to the UE supported data rate. 

The question is how to specify the total L2 buffer size. We think that the similar approach as in LTE could be specified, i.e., the value could be calculated by DL data rate, UL data rate and assumed RLC RTT. Specifically for non-DC case, following equation could be used [1]: 

Minimum RLC Buffer Size = MaxDLDataRate * RoundTripTime + MaxULDataRate * RoundTripTime 

The MaxDLDataRate and MaxULDataRate corresponding to the maximum number of bits received in a TTI and the maximum number of bits transmitted in a TTI respectively. For RoundTripTime, 75ms was used in LTE. In NR U-plane discussion, the contributions from companies [2-4] were assuming 50ms of RTT. Therefore, the following calculation could be used for NR non-DC case and NR-NR DC without split bearer:
	Total L2 buffer Size = MaxDLDataRate * RoundTripTime + MaxULDataRate * RoundTripTime
Where
MaxDLDataRate: The maximum number of bits received in 1ms
MaxULDataRate: The maximum number of bits transmitted in 1ms
RoundTripTime: :50ms


Proposal2: Specify following equation to calculate the total L2 buffer size for non-DC and DC without split bearer.

Total L2 buffer Size = MaxDLDataRate * RoundTripTime + MaxULDataRate * RoundTripTime  where
· MaxDLDataRate: The maximum number of bits received in 1ms
· MaxULDataRate: The maximum number of bits transmitted in 1ms
· RoundTripTime: 50ms
For split bearer case, in Rel-12, it was proposed to adopt following equation for the total L2 buffer size [5]. Since we need to take the X2 delay into account, following equation was adopted:
Total layer-2 buffer size = (MaxULDataRate + MaxSeNBDLDataRate) * RLCRoundTripTime + 
MaxMeNBDLDataRate * (X2delay + SeNBTXQueueDelay + RLCRoundTripTime).
In [5], as specific value for “X2delay + SeNBTXQueueDelay”, 130ms was assumed and could be used also for NR-NR DC. For MaxMeNBDLDataRate and MaxSeNBDLDataRate, several combinations could be assumed depending on the supported band combination and its possible grouping into CGs. Anyway, UE shall be implemented with the buffer size of the worst case, it is proposed that NR-NR DC capable UE support the total L2 buffer size which would be maximum value within those calculated for all the band combination by above calculate. 
Proposal3: Specify following equation to calculate the total L2 buffer size for NR-NR DC with split bearer case

Total L2 buffer Size = (MaxULDataRate + MaxSCGDLDataRate) * RLCRoundTripTime 
+ MaxMCGDLDataRate * (X2delay + SeNBTXQueueDelay + RLCRoundTripTime) where
· MaxXLDataRate: The maximum number of bits received in 1ms of xCG for the band combination maximizing the resulting value above. 
· MaxULDataRate: The maximum number of bits transmitted in 1ms for the band combination maximizing the resulting value above.
· RoundTripTime: 50ms
· X2delay + SeNBTXQueueDelay: 130ms
For LTE-NR DC without split bearer, the similer equation that for NR-NR DC without split bearer could be used where the data rate and RLC RTT are corresponding RAT. 
Total L2 buffer Size = MaxLTEDLDataRate * LTERoundTripTime + MaxLTEULDataRate * LTERoundTripTime + MaxNRDLDataRate * NRRoundTripTime + MaxNRULDataRate * NRRoundTripTime where
MaxDLDataRate: The maximum number of bits received in 1ms of the RAT
MaxULDataRate: The maximum number of bits transmitted in 1ms the RAT
RoundTripTime::75ms for LTE and 50ms for NR
Proposal4: Specify following equation to calculate the total L2 buffer size for LTE-NR DC without split bearer case

Total L2 buffer Size = MaxLTEDLDataRate * LTERoundTripTime + MaxLTEULDataRate * LTERoundTripTime + MaxNRDLDataRate * NRRoundTripTime + MaxNRULDataRate * NRRoundTripTime where
· MaxDLDataRate: The maximum number of bits received in 1ms of the RAT for the band combination maximizing the resulting value above.
· MaxULDataRate: The maximum number of bits transmitted in 1ms the RAT for the band combination maximizing the resulting value above.
· RoundTripTime: 75ms for LTE and 50ms for NR
For LTE-NR DC with split bearer, while the similar equation to those in Proposal2 and3 could be used, we need to take care of the difference of the Uu delay (i.e. assumed RLC RTT) between LTE and NR. Such consideration was done during the SI phase in context of bearer type comparison as in annex (section 6 in this paper). As RAN2 agreed to specify unified split bearer, we could calculate total L2 buffer size assuming SCG split bearer where more buffer size is required. Using the equation identified during SI phase, we can calculate as follow:

Total L2 buffer Size = (MaxLTEDLDataRate + MaxNRDLDataRate) * (X2delay + MeNBTXQueueDelay + LTERLCRoundTripTime) + MaxLTEULDataRate * LTERLCRoundTripTime + MaxNRULDataRate * NRRLCRoundTripTime
For “X2delay + MeNBTXQueueDelay”, we can use 130ms as in LTE-LTE DC. Also, the MaxLTEXLDataRate and MaxNRXLDataRate are the values if LTE-NR band combination which maximizes the total L2 buffer size. 
Proposal5: Specify following equation to calculate the total L2 buffer size for LTE-NR DC with split bearer case

Total L2 buffer Size = (MaxLTEDLDataRate + MaxNRDLDataRate) * (X2delay + MeNBTXQueueDelay + LTERLCRoundTripTime) + MaxLTEULDataRate * LTERLCRoundTripTime + MaxNRULDataRate * NRRLCRoundTripTime where
· MaxDLDataRate: The maximum number of bits received in 1ms of the RAT for the band combination maximizing the resulting value above.
· MaxULDataRate: The maximum number of bits transmitted in 1ms of the RAT for the band combination maximizing the resulting value above.
· RoundTripTime: 75ms for LTE and 50ms for NR
· X2delay + MeNBTXQueueDelay: 130ms
Above was discussed under assumption UE should support the required buffer size in the worst case. On the other hand, if UE/Chip vendor sees some benefit to assume the size corresponding to the actual configuration which may be able to the left buffer may be used for other purpose, RAN2 can discuss whether it is beneficial to assume the L2 buffer size based on the actual configuration (not the worst case). 

Proposal6: Discuss whether it is beneficial to assume the L2 buffer size based on the actual configuration (not the worst case). 
3. Summary and Conclusion

This paper addresses how to defined the total L2 buffer size required for the NR UE. Followings are proposed:
Proposal1: Specify the total L2 buffer size corresponding to the UE supported data rate. 

Proposal2: Specify following equation to calculate the total L2 buffer size for non-DC and DC without split bearer.

Total L2 buffer Size = MaxDLDataRate * RoundTripTime + MaxULDataRate * RoundTripTime  where
· MaxDLDataRate: The maximum number of bits received in 1ms
· MaxULDataRate: The maximum number of bits transmitted in 1ms
· RoundTripTime: 50ms

Proposal3: Specify following equation to calculate the total L2 buffer size for NR-NR DC with split bearer case

Total L2 buffer Size = (MaxULDataRate + MaxSCGDLDataRate) * RLCRoundTripTime 
+ MaxMCGDLDataRate * (X2delay + SeNBTXQueueDelay + RLCRoundTripTime) where
· MaxXLDataRate: The maximum number of bits received in 1ms of xCG for the band combination maximizing the resulting value above. 
· MaxULDataRate: The maximum number of bits transmitted in 1ms for the band combination maximizing the resulting value above.
· RoundTripTime: 50ms
· X2delay + SeNBTXQueueDelay: 130ms
Proposal4: Specify following equation to calculate the total L2 buffer size for LTE-NR DC without split bearer case

Total L2 buffer Size = MaxLTEDLDataRate * LTERoundTripTime + MaxLTEULDataRate * LTERoundTripTime + MaxNRDLDataRate * NRRoundTripTime + MaxNRULDataRate * NRRoundTripTime where
· MaxDLDataRate: The maximum number of bits received in 1ms of the RAT for the band combination maximizing the resulting value above.
· MaxULDataRate: The maximum number of bits transmitted in 1ms the RAT for the band combination maximizing the resulting value above.
· RoundTripTime: 75ms for LTE and 50ms for NR
Proposal5: Specify following equation to calculate the total L2 buffer size for LTE-NR DC with split bearer case

Total L2 buffer Size = (MaxLTEDLDataRate + MaxNRDLDataRate) * (X2delay + MeNBTXQueueDelay + LTERLCRoundTripTime) + MaxLTEULDataRate * LTERLCRoundTripTime + MaxNRULDataRate * NRRLCRoundTripTime where
· MaxDLDataRate: The maximum number of bits received in 1ms of the RAT for the band combination maximizing the resulting value above.
· MaxULDataRate: The maximum number of bits transmitted in 1ms of the RAT for the band combination maximizing the resulting value above.
· RoundTripTime: 75ms for LTE and 50ms for NR
· X2delay + MeNBTXQueueDelay: 130ms
The corresponding text proposal to 38.306 [7] is provided in the annex (section5). 

Proposal6: Discuss whether it is beneficial to assume the L2 buffer size based on the actual configuration (not the worst case). 
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	4.2.3
Total layer 2 buffer size
This parameter defines the 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 and/or PDCP reception and reordering windows for all radio bearers. Following equations and parameters are used to calculate the required buffer size:
For UE not capable of DC or UE capable of NR DC without split bearer:
Total L2 buffer size = (MaxDLDataRate + MaxULDataRate) * NRRLCRoundTripTime where

MaxDLDataRate: The maximum number of bits received in 1ms for the band combination maximizing the resulting value above

MaxULDataRate: The maximum number of bits transmitted in 1ms for the band combination maximizing the resulting value above

NRRLCRoundTripTime: 50ms
For UE capable of NR DC with split bearer:

Total L2 buffer Size = (MaxULDataRate + MaxSCGDLDataRate) * RLCRoundTripTime + MaxMCGDLDataRate * (X2delay + SeNBTXQueueDelay + RLCRoundTripTime) where


MaxXLDataRate: The maximum number of bits received in 1ms of xCG for the band combination maximizing the resulting value above. 


MaxULDataRate: The maximum number of bits transmitted in 1ms for the band combination maximizing the resulting value above.

RoundTripTime: 50ms


X2delay + SeNBTXQueueDelay: 130ms
For UE capable of MR DC without split bearer:

Total L2 buffer Size = MaxLTEDLDataRate * LTERoundTripTime + MaxLTEULDataRate * LTERoundTripTime + MaxNRDLDataRate * NRRoundTripTime + MaxNRULDataRate * NRRoundTripTime where


MaxDLDataRate: The maximum number of bits received in 1ms of the RAT for the band combination maximizing the resulting value above.


MaxULDataRate: The maximum number of bits transmitted in 1ms the RAT for the band combination maximizing the resulting value above.


RoundTripTime: 75ms for LTE and 50ms for NR
For UE capable of MR DC or NR DC with split bearer:

Total L2 buffer Size = (MaxLTEDLDataRate + MaxNRDLDataRate) * (X2delay + MeNBTXQueueDelay + LTERLCRoundTripTime) + MaxLTEULDataRate * LTERLCRoundTripTime + MaxNRULDataRate * NRRLCRoundTripTime where


MaxDLDataRate: The maximum number of bits received in 1ms of the RAT for the band combination maximizing the resulting value above.


MaxULDataRate: The maximum number of bits transmitted in 1ms of the RAT for the band combination maximizing the resulting value above.


RoundTripTime: 75ms for LTE and 50ms for NR


X2delay + MeNBTXQueueDelay: 130ms



6. Annex D of 38.804

Comparison results on bearer types for LTE-NR Dual Connectivity

Table D-1 compares the three bearer types for LTE-NR Dual Connectivity.

Table D-1:
Comparison results on the bearer types for LTE-NR Dual Connectivity

	Bearer types
	SCG bearer (1A)
	Split bearer via MCG (3C)
	Split bearer via SCG

	Utilisation of radio resources across MN and SN
	Not possible for the same bearer, requires at least two DRBs for having user plane traffics in MN and SN (
	Possible for the same bearer 
	Possible for the same bearer 

	Dynamic offload
	Need to involve MME, very  static (
	Controlled by MN, can be dynamic as long SCG is setup 
	Controlled by SN, can be dynamic as long MCG is setup 

	Additional NW processing capacity requirement
	No additional processing capacity requirement 
	Additional PDCP processing capacity requirement in MN to process SCG leg 
	Additional PDCP processing capacity requirement in SN to process MCG leg 

	Buffering requirements
	Full termination of CN bearer at SN offloads PDCP buffering from MN 
	Bearer splitting implies increased reordering-buffering requirement, at UE and MN  (NOTE)
	Bearer splitting implies increased reordering-buffering requirement, at UE and SN  (NOTE)

	Per-user throughput enhancements
	The gain is  low if only one bearer exists; 

The gain depends on the data volume of MCG bearer and SCG bearer if two bearers exist.
	The gain is higher than 1A if only one bearer exists; The exact gain depends on the available throughput in MCG and SCG.
	The gain is higher than 1A if only one bearer exists; The exact gain depends on the available throughput in MCG and SCG.

	Interruption upon UE mobility
	Interruption visible due to MN unable to support SN bearer 
	Interruption limited thanks to the ability of the MN to transmit data for the split bearers 
	For UE moving from SN coverage to the area without the coverage of any SN scenario, interruption limited thanks to the ability of the MN to transmit data for the split bearers (e.g., by NW implementation), but for UP termination point change from SN to MN scenario, interruption visible 

	Signalling load to CN due to mobility in/out of SN coverage
	Not hidden to CN 
	Hidden to CN 
	Not hidden to CN 

	MN – SN backhaul requirements
	No additional throughput requirement on backhaul of MN 
	The Xx/Xn interface has to offer the latency of 5-30 ms and sufficient capacity. 
Increased throughput requirement on backhaul compared to 1A: backhaul needs to cope with NR bitrates 
	The Xx/Xn interface has to offer the latency of 5-30 ms and sufficient capacity. 
Increased throughput requirement on backhaul compared to 1A: backhaul needs to cope with LTE bitrates 

	U-plane latency
	No additional U-plane latency 
	Additional U-plane latency for SCG path in case MN and SN are non-co-located 
	Additional U-plane latency for MCG path in case MN and SN are non-co-located 

	Use case
	When ANY of the following holds:

- Limited backhaul provisioning

- NR bit rate is much higher than LTE bit rate

- UE has limited buffering capabilities

- MN and SN have limited buffering capabilities
	When ALL of the following hold:

- Ample backhaul provisioning

- NR bit rate is comparable to LTE bit rate

- MN has sufficient processing power

- MN and UE have sufficient buffering capabilities
	When ALL of the following hold:

- Ample backhaul provisioning

- NR bit rate is comparable to LTE bit rate

- MN does not have sufficient processing power

- SN and UE have sufficient buffering capabilities


NOTE:
When reordering packets during bearer split operation, it is how late a missing packet can be received that counts and thus the buffering requirement stems from the combination of the slow path and the fast path having to wait for the slow one. Depending on the delays, we need to distinguish two cases: a first case where the MCG is the fastest path and a second case where SCG is the fastest path - as depicted on Figure D-1 below where Rx and RTTx are bit rate and RLC RTT of xCG and XD is Xx/Xn delay:
-
Case 1:
RTTs + XD > RTTm (as for LTE-LTE DC);

-
Buffering requirements = Rm * (RTTs + XD) + Rs * RTTs.

-
Where the following component corresponds to the faster path: Rm * (RTTs + XD);

-
Where the following component corresponds to the slower path: Rs * RTTs.

-
Case 2:
RTTs + XD < RTTm.

-
Buffering Requirements = (Rm + Rs ) * RTTm.

-
Where the following component corresponds to the faster path: Rs * RTTm;

-
Where the following component corresponds to the slower path: Rm * RTTm.
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Figure D-1:
Different buffering requirements for LTE-NR Dual Connectivity
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