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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.
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 this paper, we discuss the impact of higher SCS (i.e., 480 kHz and 960 kHz) on Layer 2 operation (especially for L2 buffer size) and provide some proposals for discussion.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
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. As a result, the required total layer 2 buffer size is calculated 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, new RLC RTT values coming with the new SCS values (480, 960 kHz) will eventually have an impact on the required total layer 2 buffer size at the UE side. In the contents below, we first look at how to determine new RLC RTT values for higher SCS and then further discuss the impact on L2 buffer size calculation.
New RLC RTT values for SCS over 120 kHz
The RLC RTT in the above equation is mainly determined by the amount of time it takes to detect a missing RLC PDU after sending the PDU, which is highly correlated with the slot time determined by SCS. Thus, TS 38.306 defines the RTT of each SCS as shown in Table 1 and now we need to update the table with new RLC RTT values for SCS over 120kHz.
Table 1: RLC RTT for NR cell group per SCS
	SCS (kHz)
	RLC RTT (ms)

	15KHz
	50

	30KHz
	40

	60KHz
	30

	120KHz
	20



The corrections including the current RLC RTT table were adopted in TS 38.306 at RP#81. At that time, in RAN2, the discussions on the RLC RTT were made at RAN2#102 and many companies submitted contributions regarding the issue[4][5][6][7][8]. From the related contributions, we can observe some common views from the majority. First, RLC RTT is tightly correlated with HARQ RTT and thus many companies try to define RLC RTT as multiple of HARQ RTT. Second, HARQ RTT can be expected to be multiple of slot length, which is determined by SCS. Third, even though the slot length exponentially decreases as the SCS increases (i.e., 15->30->60->120kHz), RLC RTT will not decrease like that due to some L2 processing time, which is not linearly scaled down according to the increase of SCS. Finally, considering all these observations, the companies compromised to adopt the current RLC RTT values as in Table 1. 
From the above observations, we can see that it is not easy to clearly define the relation between RLC RTT and SCS as an equation, but RAN2 already made the agreement on the current RLC RTT values, which can be used as reference for the determination of new RLC RTT values. Thus, we tried to get candidate RLC RTT values for higher SCS based on the tendency in the conventional RLC RTT values. In Figure 1, the graph shows the ratio between RLC RTT and Slot length over the slot length of each SCS and the blue dotted line depicts the trend line. Using the trend line equation, we can reversely calculate the values of RLC RTT/Slot length for higher SCS and get the candidate RLC RTT values as shown in the right table.  
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Figure 1. Tendency in current RLC RTT values and the reversely calculated RLC RTT values 
To get integer value, we conservatively use ceiling operation for those candidate RLC RTT values, and the final proposed RLC RTT values are shown in Table 2.
	SCS (KHz)
	RLC RTT (ms)

	15KHz
	50

	30KHz
	40

	60KHz
	30

	120KHz
	20

	240KHz
	13

	480KHz
	8

	960KHz
	5


Table 2: Proposed RTT values for 240, 460, 960 kHz SCS
Therefore, we would like to propose the following.
Proposal 1: RAN2 to discuss adding RLC RTTs of 13, 8, 5ms for 240, 480, 960 kHz SCS respectively.



L2 buffer size definition with carriers over 52.6GHz
In TS 38.306, there is the description about the determination of the required total layer 2 buffer size as below.
	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.


From the description, we can find the definition of RLC RTT used in L2 buffer size equation, when there are carriers with different numerologies in the supported band combination. Regarding the use of RLC RTT corresponding to the smallest SCS numerology, [9] pointed out that the current definition can put unnecessary burden on the UE L2 buffer size requirement and proposed to have a discussion on the L2 buffer size definition as in the below box.
	Operation with lower data-rate using legacy carriers and higher data-rates with >52GHz carriers, using the current L2 buffer definition can be very asymmetric with upto 64 times the rate difference between the legacy 15kHz and >52 GHz 960kHz and this can put unnecessary burden on the UE L2 buffer requirements by using the ‘smallest SCS numerology’ requirement. While we discuss more on the impact of asymmetric UL data Tx in the below sections, we would like to trigger a discussion on the L2 buffer definition.
Proposal 2: Current L2 buffer size definition is inefficient in capturing UE’s and needs to be adapted for operation with above 52GHz carriers. FFS on the details.


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. Also, as mentioned in [6], 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. Thus, it seems reasonable to keep the current L2 buffer definition using the RLC RTT corresponding to the smallest SCS numerology, from which the highest RLC RTT can come. Therefore, we would like to propose the following.
Proposal 2: RAN2 to keep the current L2 buffer size definition using RLC RTT corresponding to the smallest SCS numerology.
On the other hand, as pointed out in [9], it is still true that the introduction of higher SCS will increase the burden on the UE L2 buffer size up to 64 times, which can prevent UE from supporting the band combination with carriers using higher SCS due to out of memory. Thus, we are still open to discussing other methods to relax the burden on the UE L2 buffer size while keeping the current L2 buffer definition. We can think of introducing any new UE capability parameter regarding UE’s supportable L2 buffer size as one option.
Proposal 3: RAN2 to have discussion on how to relax the burden on the UE L2 buffer size while keeping the current L2 buffer definition.
Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following proposals:
Proposal 1: RAN2 to discuss adding RLC RTTs of 13, 8, 5ms for 240, 480, 960 kHz SCS respectively.
Proposal 2: RAN2 to keep the current L2 buffer size definition using RLC RTT corresponding to the smallest SCS numerology.
Proposal 3: RAN2 to have discussion on how to relax the burden on the UE L2 buffer size while keeping the current L2 buffer definition.
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