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Introduction
In 3GPP RAN#91 plenary e-meeting, the updated WID RP-210862 [1] was approved as the outcome of the study item on supporting NR above 52.6GHz [2]. The WID is aimed to extend NR operation up to 71 GHz considering the operation in both licensed and unlicensed band.
[bookmark: _GoBack]The WID also indicates that RAN1 specify new SCS, 480 kHz and 960 kHz, for operation in this frequency range over 52.6GHz and RAN2 implement the design aspect related to the operation.
In the previous meeting RAN2 115-e, there was the discussion about the impact of higher SCS (i.e., 480 kHz and 960 kHz) on Layer 2 operation (especially for L2 buffer size) and some companies raised the issue about too large L2 buffer size requirement we can have with the asymmetry of the used SCS. However, RAN2 decided to postpone discussing L2 buffer size and wait for RAN1 to see if we get prohibitively large buffer size.
In this paper, we try estimating the seriousness of L2 buffer size with the asymmetric SCS and progress the discussion on the too large L2 buffer size.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
L2 buffer size estimation
Even though RAN2 decided to postpone the discussion on L2 buffer size and wait for progress in RAN1, in this paper we try to estimate the required total L2 buffer size with the use of asymmetric SCS based on the agreements given by RAN1 at this point. In particular, we will focus on the maximum possible total L2 buffer size with some extreme case to see how serious the L2 buffer problem can be.
In TS 38.306 [3], 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 reassembly windows and also in PDCP reordering windows for all radio bearers. Thus, the required total layer 2 buffer size is defined as follow:
	The required total layer 2 buffer size in MR-DC and NR-DC is the maximum value of the calculated values based on the following equations:
-	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)
Otherwise it is calculated by MaxDLDataRate * RLC RTT + MaxULDataRate * RLC RTT.



From the underlined equation for the case without DC, we can easily observe that the total layer 2 buffer size is proportional to both the maximum DL/UL Data rate and the RLC RTT values, which are dependent on the SCS of the carriers. Thus, in order to estimate the maximum possible L2 buffer size with asymmetric SCS, we have to check the impact of the new SCS values (480, 960 kHz) on the Data rate and the RLC RTT first. 
In case of RLC RTT, RAN2 already had the discussion to introduce new RLC RTT values for higher SCS (i.e., 480, 960 kHz) at the previous meeting and we suggested some candidate values in [4], but the decision of new RLC RTT values for higher SCS was postponed. Nevertheless, the maximum possible L2 buffer size can be estimated regardless of RLC RTT values for higher SCS because the RLC RTT value in the total L2 buffer size equation corresponds to the smallest SCS numerology supported in the Band/Feature set combination according to TS 38.306. For the maximum possible L2 buffer estimation, we are going to use the extreme case using asymmetric SCS (i.e., using 15 kHz SCS and 960 kHz SCS together) and thus only RLC RTT for 15 kHz will be needed.
For the maximum data rate, RAN1 already made some agreements regarding the maximum data rate (i.e., # of PRB, available BW for each SCS) and thus RAN2 can estimate the maximum possible DL/UL Data rate based on the agreements in below box. 
	From RAN1 102e meeting
Agreement:
For NR system operating in 52.6 GHz to 71 GHz, 
•        NR should be designed with maximum FFT size of 4096 and maximum of 275RBs per carrier;
•        Candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz;
•        If subcarrier spacing 240 kHz or below are supported, NR in 52.6 to 71 GHz is expected to use normal CP length only (does not have any implications on whether ECP is supported for the higher subcarrier spacings, if supported).

From RAN1 104e meeting
Agreement:
· From RAN1 perspective, for NR operation in 52.6 GHz to 71 GHz,
· The maximum channel bandwidth for 120 kHz SCS is 400 MHz
· The maximum channel bandwidth for 480 kHz SCS is 1600 MHz
· The maximum channel bandwidth for 960 kHz SCS is one of the following options
· 2000 MHz
· 2160 MHz
· Send LS to RAN4 to inform about RAN1’s agreement of maximum channel bandwidth and ask RAN4 to decide and feedback the exact value of maximum channel bandwidth for 960 kHz SCS, the corresponding numbers of RBs for the maximum channel bandwidth of SCS(s) supported in 52.6 GHz to 71 GHz. 


According to the agreements, we assume the maximum channel BW for 960 kHz SCS as 2160 MHz (i.e., maximum available PRB could be about 185) and thus the maximum possible L2 buffer size can be roughly estimated based on this.
Observation 1: RAN1 already made a few agreements regarding the maximum data rate (i.e., # of PRB, available BW) for FR2-2 carriers with higher SCS. 
Observation 2: The maximum possible total L2 buffer size can be roughly estimated based on the agreements in RAN1.
For estimating the maximum possible total L2 buffer size, we assume the extreme CA scenario using a FR1 carrier with 15 kHz SCS and 15 FR2-2 carriers with 960 kHz together and calculate the maximum DL/UL Data rate based on the equation in section 4.1.2 in TS 38.306. Finally, the maximum possible L2 buffer size is estimated to be about 14Gbytes as below. 
[image: ]
Observation 3: The required total L2 buffer size can be up to about 14Gbytes in some extreme case with the use of asymmetric SCS.

Discussion on L2 buffer size 
Even though the above case assumed for the estimation is unrealistic, it shows that the required L2 buffer size can be extremely large depending on the operator’s available BW and the baseband processing capability of the UE. Thus, RAN2 needs to continue the discussion on the heavy requirement on the L2 buffer size.
If the L2 buffer size relaxation is inevitable, the first possible option could be redefinition of the current L2 buffer size definition in TS38.306. However, to prevent any packet overflow at L2 buffer, the UE has to prepare the amount of memory that must match the highest possible data rate with the highest possible RLC RTT and the total L2 buffer size calculated according to the current definition is the minimum required memory size for that. Thus, if we modify the current L2 buffer size equation in any way to reduce the required memory size, the L2 buffer overflow can be a problem at the UE side.
Observation 4: If the required L2 buffer size is reduced by modifying the L2 buffer size definition in any way, it can cause the L2 buffer overflow at the UE.
Therefore, it seems reasonable to keep the current L2 buffer definition and we would like to propose the following.
Proposal 1: RAN2 to keep the current L2 buffer size definition even with carriers having SCS over 120kHz.
The second possible option is to introduce a new UE capability to reduce the burden on the L2 buffer size for a particular UE while keeping the current L2 buffer definition. Here, we can assume the particular UE that has enough radio capability to support some carrier combination with FR2-2 carriers, but can't support enough memory to meet the required L2 buffer size for that combination. By introducing the new UE capability, for a particular UE that reports the lack of memory, the network can limit the amount of radio resources allocated to the UE to prevent a buffer overflow while supporting other UEs without any limitation on data rate. This can increase the scheduling complexity at the base station, but it can be expected that the network can handle this with the similar manner in the scheduling problem considering the UE Tx power regulation. Regarding the details about how to relax L2 buffer requirement, we can just think of allowing scale-down of the required L2 buffer size with some scaling factor (e.g., 1, 0.75, 0.5, …). Thus, we would like to propose the following.
Proposal 2: RAN2 to introduce a new UE capability to allow scale-down of the required L2 buffer size with some scaling factor (e.g., 1, 0.75, 0.5, 0.25) if needed.

Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following observations and proposals:
Observation 1: RAN1 already made a few agreements regarding the maximum data rate (i.e., # of PRB, available BW) for FR2-2 carriers with higher SCS. 
Observation 2: The maximum possible total L2 buffer size can be roughly estimated based on the agreements in RAN1.
Observation 3: The required total L2 buffer size can be up to about 14Gbytes in some extreme case with the use of asymmetric SCS.
Observation 4: If the required L2 buffer size is reduced by modifying the L2 buffer size definition in any way, it can cause the L2 buffer overflow at the UE.
Proposal 1: RAN2 to keep the current L2 buffer size definition even with carriers having SCS over 120kHz.
Proposal 2: RAN2 to introduce a new UE capability to allow scale-down of the required L2 buffer size with some scaling factor (e.g., 1, 0.75, 0.5, …) if needed.
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