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Report
1      Introduction

In RAN2#99bis meeting, following was agreed regarding L2 buffer size capability.

Agreements

1
The same formula as in LTE is used to determine the required L2 buffer size in NR: Minimum L2 Buffer Size = MaxDLDataRate * RoundTripTime + MaxULDataRate * RoundTripTime (Calculated for highest rate NR BC)

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)

FFS RTT and Xn delay and queuing delay values.

3
Capture the formula for determining the L1 data rate and the formulas for determining the L2 buffer size (using the L1 data rate as input) in 38.306.

In RAN2#100 meeting, values for RTT, Xn delay and queuing delay value for L2 buffer size calculation were discussed based on contributions [1]

 REF Ref_Intel_L2buffer_Offline_Summary \h 
[2]. It was agreed that “For layer 2 buffer size calculation, the sum of Xn delay and queuing delay is 25 ms (1 way delay)”. 

The above agreements were already captured in TS 38.306 [6] as below:

	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 for all radio bearers, and for UEs capable of split bearers, also in PDCP reordering windows for all split radio bearers. 

The required total layer 2 buffer size for split bearer operation in MR-DC is calculated by MaxULDataRate * RTT + MaxDLDataRate_SN * RTT + MaxDLDataRate_MN * (RTT + Xn delay + Queuing in SN). Otherwise it is calculated by MaxDLDataRate * RTT + MaxULDataRate * RTT. MaxULDataRate, MaxDLDataRate_SeNB, MaxDLDataRate, MaxDLDataRate_MeNB are based on the highest rate in MR-DC or NR band combinations. 

wherein

Xn delay + Queuing in SN = 25ms 

Editor’s Note: RTT value will be added once decided. 


An email discussion was agreed as follows: 
[100#33][NR] L2 buffer size (Intel) 


Progress the details of the L2 buffer size calculation based on proposals 1 and 2 of R2-1714200


Intended outcome: Report to next meeting


Deadline:  Thursday 2018-01-11

2      Discussion
2.1     Methodology

In RAN2#99bis meeting, the agreement regarding L2 buffer size is to calculate based on the highest rate band combination, as shown below

Agreements

1
The same formula as in LTE is used to determine the required L2 buffer size in NR: Minimum L2 Buffer Size = MaxDLDataRate * RoundTripTime + MaxULDataRate * RoundTripTime (Calculated for highest rate NR BC)

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)

During the discussion in RAN2#100 meeting, one alternative approach was proposed. The L2 buffer size is calculated for each band combination, and the UE capability for L2 buffer size is determined based on the maximum L2 buffer size calculated. Taking NR CA as an example. Suppose that UE signals a list of band combinations BCi, i=1, 2, … N, and the data rate corresponding to band combination BCi is Ri. Denote the highest rate band combination as BCj, with
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. Further, denote that the L2 buffer size corresponding to band combination BCi is L2Bufi     (this is related to how to derive L2 buffer size, which is the main focus of the current email discussion). Then there are two options for NR CA:

· Option A: UE L2 buffer size is calculated based on the highest rate BC, i.e. UE L2 buffer size is L2Bufj, with BCj the highest rate band combination. This is already captured in TS 38.306 [6].
· Option B: UE L2 buffer size is calculated based on the maximum L2 buffer size calculated for each band combination, i.e. UE L2 buffer size is
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The potential benefit of Option B is that from gNB perspective, it only needs to check the particular band combination currently in use, and then derive the L2 buffer size accordingly. There is no need for gNB to iterate through all the band combinations in the UE capability reporting to find the highest rate band combination. However, the drawback of Option B is that the L2 buffer size for the band combination in use could be less than the actual L2 buffer size UE supports, therefore gNB could have a pessimistic estimation of L2 buffer size, which implies that gNB might schedule UE in a non-optimal way. Of course, how to utilize L2 buffer size in Option B is up to gNB implementation, i.e. a possible gNB implementation can iterate through all BCs to calculate UE L2 buffer size.

Question 1
· Companies are invited to provide their views on whether Option A or Option B should be used to derive UE L2 buffer size.
	Company
	Option
	Comments

	Nokia
	B
	Assuming that “highest-rate BC” refers to the BC that maximizes (max MN rate + max SN rate), Option A seems like an arbitrary way to dimension the buffer since, as easily seen from the formulas, the needed buffer does not depend on (max MN rate + max SN rate) only. Thus, option B seems more correct, as it is clear that the UE buffer shall accommodate all possible operating conditions.

	MediaTek
	B
	We think UE should support big enough L2 buffer, i.e. consider both bitrate and delay, to support all BCs it supports, so network can schedule continuously for a specific duration for a SCS.

	Samsung
	B
	Option B is more aligned with the main objective to determine the L2 buffer size. Option A cannot be the optimized solution, and we should consider the L2 buffer size should be big one among the candidates.

	NTT DOCOMO
	B
	We think that the motivation to specify the total L2 buffer size is to enable gNB to avoid L2 buffer overflow in the UE by controlling the scheduling toward the UE. Therefore, it is important that gNB knows the supported total L2 buffer size of the UE. Also, RAN2 agreed not to introduce baseband capability basically which implies that UE should support the sufficient baseband capability corresponding to RF capability. Therefore, UE should support the total L2 buffer size in the worst case. 

	Huawei
	B
	We agree with Docomo that gNB needs to be aware about the supported total L2 buffer size of the UE and therefore we should consider option B which can work in all situations.

	Intel
	B
	We think the UE should support a reasonable L2 buffer for every band combination it supports.

	ZTE
	B
	UE supposes to support the worst case and according to the calculation listed in  section 2.2, option A may miss the worst case.


2.2     RLC RTT derivaion for CA

As discussed in [1] [2], RLC RTT is calculated as 6 HARQ RTT, while HARQ RTT is related to numerology/SCS. Latest RAN4 status regarding the numerologies of data channels to be supported within each band is captured in section 4.4.1 of TR 38.817-1 [3]. For non-SS channels (including data channels which are relevant for L2 buffer size discussion), the subcarrier spacing (SCS) options are captured in Table 4.4-1, which is copied below:

Table 4.4-1 Non-SS subcarrier spacing options
	Frequency range
	SCS options (Non-SS)

	Range 1 (Below 1GHz)
	15, 30 kHz

	Range 1 (Above 1GHz)
	15, 30, 60 kHz

	Range 2
	60, 120 kHz


Note that RAN4 uses Frequency Range 1 (FR1) to denote 450 – 6000 MHz and Frequency Range 2 (FR2) to denote 24250 – 52600 MHz.

In TS 38.331 [4], subcarrier spacing (SCS) is reported as baseband parameters, and it is still FFS whether SCS is reported per band or per CC, as highlighted below:

BasebandParametersPerCC ::= SEQUENCE {


supportedMIMO-CapabilityDL

MIMO-Capability





OPTIONAL,


supportedMIMO-CapabilityUL

MIMO-Capability





OPTIONAL,


modulationOrder




ModulationOrder,


subCarrierSpacing



SubCarrierSpacing, 


-- FFS if modulationOrder and subCarrierSpacing are included per Band or per CC 


-- FFS on other parameters 

}

Nevertheless, no matter how the subcarrier spacing is signaled (per band or per CC), it is clear that for a given band combination, there is a set of SCSs supported by the UE. As discussed in [1], it is expected that HARQ RTT is larger for a smaller SCS. 

It is proposed to use the HARQ RTT corresponding to the smallest SCS numerology supported in the band combination according to UE capability. 

Regarding the two options in section 2.1, examples are given below on how L2 buffer size is calculated. For NR CA, following equation is used to calculate L2 buffer size:

L2 Buffer Size = MaxDLDataRate * RTT + MaxULDataRate * RTT
Below is an example on how L2 buffer is calculated for Option A and B. Suppose all the reported band combinations are below 6 GHz, i.e. in FR1. Suppose the HARQ RTT corresponding to 15 kHz SCS and 30 kHz are 5 ms and 3 ms, respectively. In addition, suppose that UE supports two band combinations (note that the parameters are artificially selected to show the difference between Option A and B for UE L2 buffer size requirement):

· BC1: MaxDLDataRate + MaxULDataRate = 2 Gbps, supported SCS are 30 kHz and 60 kHz.
· BC2: MaxDLDataRate + MaxULDataRate = 1.5 Gbps, supported SCS are 15 kHz.
Then L2 buffer size for BC1 and BC2 are L2Buf1=2 Gbps * 6 * 3 ms = 36 Mbit = 4.5 Mbyte, and L2Buf2=1.5 Gbps * 6 * 5 ms = 45 Mbit = 5.625 Mbyte, respectively.

For UE L2 buffer size requirement, for option A (UE L2 buffer size is calculated from the highest rate BC), since BC1 is the highest rate BC, UE L2 buffer size is calculated based on BC1, therefore UE L2 buffer size requirement is 4.5 Mbyte. For Option B (maximum L2 buffer size for all BCs), UE L2 buffer size is the maximum of 4.5 Mbyte and 5.625 Mbyte, therefore UE L2 buffer size is 5.625 Mbytes.

Given above discussion, following is proposed:

	For layer 2 buffer size calculation in NR CA (including single serving cell as special case), 

If Option A (as in section 2.1) is adopted,

UE L2 buffer size = MaxDLDataRate * RTT + MaxULDataRate * RTT, with RTT = 6 HARQ_RTT. MaxDLDataRate and MaxULDataRate correspond to the highest rate band combination, and HARQ_RTT corresponds to the smallest SCS numerology supported in the highest rate band combination according to UE capability. 

If Option B (as in section 2.1) is adopted,

For each band combination supported by the UE, L2 buffer size = MaxDLDataRate * RTT + MaxULDataRate * RTT, with RTT = 6 HARQ_RTT. HARQ_RTT corresponds to the smallest SCS numerology supported in the band combination according to UE capability. The UE L2 buffer size is the maximum of the L2 buffer size for all the band combinations supported by the UE.


Question 2
· Do companies agree with the above method to calculate L2 buffer size for NR CA case?

	Company
	Yes/No
	Comments

	Nokia
	No
	Option A should not be adopted (see our previous comment)

Furthermore, while HARQ RTT is larger for smaller SCS as noted above, carrier bandwidth and hence data rate is larger for a larger SCS. In line with the option-B thinking, the bitrate-delay product should be maximized over the different possible numerologies.

	MediaTek
	No
	For simplicity, we prefer to specify a fix RTT for each SCS, e.g. 40 ms for 15k. There is no need to link to HARQ_RTT tightly.

	Samsung
	No
	We think for the general principle, the smallest supported SCS numerology (e.g. 15kHz) is used for determining the corresponding L2 buffer size.

	NTT DOCOMO
	Yes?
	We think that the point here is to use smallest SCS corresponding to BC to calculate RTT in worst case.

	Huawei
	No?
	As explained above, option B would deal with different situations and in this case, the max data rate would be different for different numerlogies, which would affect the final max L2 buffer size.

	Intel
	Yes
	Regarding Nokia and Samsung’s comment, we’d like to clarify that the intention is to select HARQ RTT corresponding to the smallest SCS numerology supported by the UE in the band BPC. With Option B, such calculation is still for each band combination and the final L2 buffer size is the maximum value calculated across all band combinations. Please note that there is indeed UE capability signaling of the supported SCS numerologies for each BPC entry which is associated with corresponding band combination.

Regarding MediaTek’s comment, HARQ RTT is used only in the methodology. As discussed in section 2.4, once we derive the HARQ RTT values, we can plug in the HARQ RTT values to decided RTT for each SCS numerology. For example, suppose we use 3 ms HARQ RTT (as in Table 2 of section 2.4) for 15 kHz SCS numerology, then we can define the RTT corresponding to 15 kHz SCS numerology as 18 ms.

	ZTE
	Yes
	But only option B.


2.3     RLC RTT derivaion for DC

For NR/MR-DC, as discussed in [1], the L2 buffer size methodology assumes that a packet is missing from SCG. Therefore the DL RLC RTT refers to the RLC RTT in the SN, i.e. the time takes the SCG to perform ARQ retransmission. Another scenario is that there is a packet missing from MCG (note that this scenario is not used in LTE Rel-12 DC when deriving L2 buffer size). If this case should be considered, then RLC RTT in the MN is used while there is no need to consider Xn delay and queuing delay. Therefore it is proposed to use the following method to calculate layer 2 buffer size for NR/MR-DC. 

Given above discussion, following is proposed:
	For layer 2 buffer size calculation in NR/MR-DC, RTT in SN is used to calculate layer 2 buffer size.
If Option A (as in section 2.1) is adopted,

UE L2 buffer size = MaxULDataRate * RTT_SN + MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN). RTT_SN = 6 HARQ_RTT. MaxDLDataRate_MN, MaxDLDataRate_SN and MaxULDataRate correspond to the highest rate band combination, and HARQ_RTT corresponds to the smallest SCS numerology in SN supported in the highest rate band combination according to UE capability.
If Option B (as in section 2.1) is adopted,

For each band combination supported by the UE, L2 buffer size = MaxULDataRate * RTT_SN + MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN). RTT_SN = 6 HARQ_RTT, and HARQ_RTT corresponds to the smallest SCS numerology in SN supported in the band combination according to UE capability.The UE L2 buffer size is the maximum of the L2 buffer size for all the band combinations supported by the UE.


Question 3
· Do companies agree with the above method to calculate L2 buffer size for NR/MR-DC?

	Company
	Yes/No
	Comments

	Nokia
	No
	See our previous comment: the assumption of a single SCS yielding both the longest HARQ RTT and greatest bit rate does not hold in the general case.

The LTE-DC methodology assumed that a packet is missing on SCG, because for an MN-terminated split bearer – the only kind of split bearer supported - that represented the worst case from the buffer-requirement point of view.

Now in EN-DC, the worst case may well occur when, on an SN-terminated split bearer, a packet is missing on MCG (worst case because the NR bit rate can be greater than the LTE one, and the LTE RTT can be greater than the NR one). Thus, the case of a packet missing on MCG needs to be considered, also in combination with the Xn and queuing delays. Whichever combination of MN/SN data rate and SN/MN RTT, respectively, combined with Xn and queuing delays, results in the greater buffering requirement, should determine the buffering requirement – in line with the motivation for Option B presented above.

A similar comment applies to the proposed uplink component. The maximum of MaxULDataRate_MN * RTT_MN and MaxULDataRate_SN * RTT_SN should be adopted.

	MediaTek
	No
	For simplicity, we prefer to specify a fix RTT for each SCS, e.g. 40 ms for 15k. There is no need to link to HARQ_RTT tightly.

	Samsung
	No
	In general, we agree with observations made by Nokia that there could be different architectural, deployment and configuration options with SCG split bearer. It means that there could be a missing packet on the MCG link and the final formula should cover also that case.

	NTT DOCOMO
	Partially Yes
	We understand that the equation agreed in RAN2#99bis was based on the MCG split bearer (which was used for LTE DC with split bearer). On the other hand, as studied during Rel-14 SI, the required total L2 buffer size for split bearer could be different depending on which node terminates PDCP. Therefore, UE should support based on the larger value. 

	Huawei
	Yes/No
	Again we think we need to be clearer on the impact on the final L2 buffer size by the dependency between data rate and SCS.

	Intel
	Yes
	We prefer to keep the RAN2#99bis agreement based on MCG split bearer, but we’re also open to discuss further how to address the SCG split bearer.

	ZTE
	YES
	We think the key point of this question is to take RLC RTT in the SN side, we agree with this principle.


2.4     HARQ RTT value

In this section, we discuss the HARQ RTT value to be used for L2 buffer size calculation. Original consideration in [1] is to take HARQ RTT value from RAN1. Given the latest RAN1 and RAN2 progress, in this section, it is proposed to discuss whether RAN2 can decide HARQ RTT values alone.

Taking DL as an example, HARQ RTT refers to the time difference between HARQ retransmission and initial transmission. For example, suppose an initial transmission starts at time t, and retransmission for the same HARQ process starts at time T, then HARQ RTT value is T – t, as show in Figure 1 below.
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Figure 1: Example HARQ RTT definition
In LTE, for FDD, there are maximum 8 HARQ processes in DL and UL non-subframe bundling operation (TS 36.213 [7] section 7 and 8). In TS 36.321, for DRX operation, HARQ RTT timer is set to 8 subframes for FDD. 

For NR, given the current progress in RAN1 and RAN2, it is unlikely that RAN1 will define a particular HARQ RTT value as in LTE. For example, following was agreed in section 5.1 of TS 38.214 [9]:

	For downlink, a maximum of 16 HARQ processes in supported. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-processesForPDSCH.


It can be seen that although 16 HARQ processes can be supported, the actual number of HARQ processes is configured in RRC signalling, and the detailed values of nrofHARQ-processesForPDSCH is still FFS in TS 38.331 v1.0.0 [4]. Therefore it is proposed to derive the HARQ RTT value for each SCS numerology based on the RAN1/RAN2 agreements.

Following assumption is used:

· Paired or unpaired spectrum: it is proposed to consider paired spectrum. This is also aligned with what is done in LTE before to considering FDD only. Note that UE achieves higher data rate for paired spectrum, therefore the calculated L2 buffer size is more than sufficient for unpaired spectrum.

· HARQ RTT for DL is used. DL HARQ RTT will be similar to UL HARQ RTT. In addition, typically DL data rate is much higher than that in UL, therefore using DL HARQ RTT is more representative of the L2 buffer size calculation.

· Slot based transmission as the L2 buffer size calculation is mainly for eMBB. Mini-slot based transmission is not considered. Slot aggregation is not considered given that it is mainly used for coverage enhancement while for L2 buffer size calculation, peak data rate is assumed. For slot based transmission, we consider the typical case that PDCCH and PDSCH span one slot, just as in LTE. For simplicity, in Figure 2 below, we use PDSCH to also represent the PDCCH scheduling the corresponding PDSCH in the same slot.
For NR, we show the relevant DL HARQ RTT components: 

HARQ RTT = Slot + (UE processing time +Δ) + PUCCH duration + (gNB processing time +Δ)

The Δ value is mainly used considering slot alignment and timing advance.
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Figure 2: DL HARQ RTT components in NR
Below we discuss each component of HARQ RTT.
The slot length refers to the PDSCH duration and its length is one slot (numerology dependent).

PUCCH duration: 1 OFDM symbol length PUCCH duration is considered, which can be either PUCCH format 0 or PUCCH format 2, as shown below in section 6.3.2.1 of TS 38.211 [8]. 

	The physical uplink control channel supports multiple formats as shown in Table 6.3.2.1-1. 

Table 6.3.2.1-1: PUCCH formats.

PUCCH format

Length in OFDM symbols

Number of bits

0

1 – 2

≤2

1

4 – 14

≤2

2

1 – 2

>2

3

4 – 14

>2

4

4 – 14

>2




UE processing time +Δ

This is mainly related to the UE processing time, the UL TA time, and the additional time to wait for an available PUCCH opportunity. Given that UE is using peak data rate transmission, the UE should be very close to the gNB, therefore TA value should be minimal. In section 5.3 of TS 38.214 [9], following is specified regarding UE processing time of PDSCH:

	If the first symbol to carry the HARQ-ACK information starts no earlier than at symbol K1 the UE shall provide a valid HARQ-ACK message, where K1 is defined as the next uplink symbol with its CP starting after 
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 after the last symbol of the PDSCH carrying the TB being acknowledged. N1 is defined in tables 5.3-1 and 5.3-2 depending on UE capability, where 

-
N1 and K1 are based on µDL of table 5.3-1 that corresponds to the min (µPDSCH, µPUCCH) when the HARQ-ACK is to be transmitted on PUCCH, and to the min (µPDSCH, µPUSCH) when the HARQ-ACK is to be transmitted on PUSCH

-
If µUL < µDL then 
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If µUL ≥ µDL then 
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-
If HARQ-ACK is transmitted on PUCCH, then d1=0,
-
If the HARQ-ACK is transmitted on PUSCH, then d1=1.
Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH.

Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
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PDSCH decoding time N1 [symbols]

No additional PDSCH DM-RS configured

Additional PDSCH DM-RS configured

0

8

13

1

10

13

2

17

20

3

20

24

Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
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PDSCH decoding time N1 [symbols]

No additional PDSCH DM-RS configured

Additional PDSCH DM-RS configured

0

[2.5 - 4]

[12]

1

[2.5 - 6]

[12]




For L2 buffer size discussion, it is proposed to only consider PDSCH processing capability 1 as the main use case is eMBB. As for whether additional PDSCH DM-RS is configured or not, it depends on the UE speed. For example, for high speed UEs, it is beneficial to configured additional DM-RS to estimate the time domain change of the radio channel. Given that UE is using peak data rate, it is sufficient to consider that no additional PDSCH DM-RS is configured. Therefore UE processing time is assumed as below:

Table 1: PDSCH processing time for L2 buffer size calculation
	
[image: image10.wmf]DL

m


	PDSCH decoding time N1 [symbols]

	0
	8

	1
	10

	2
	17

	3
	20


gNB processing timer and Δ

We can use the DL HARQ RTT Timer as a reference as it also refers to the gNB processing time. So far it is defined in section 5.7 of TS 38.321 as follows:

	-
drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
…

2>
if the PDCCH indicates a DL transmission or if a DL assignment has been configured:
3>
start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process immediately after the corresponding PUCCH transmission;


The detailed values of drx-HARQ-RTT-TimerDL is from 0 up to 4 ms in TS 38.331 v1.0.0 [4]. Note that we should not confuse the DL HARQ RTT timer with the HARQ RTT discussed in this section since DL HARQ RTT timer is related to gNB processing timer in DRX operation. For HARQ RTT calculation, it it proposed to consider gNB processing time same as UE processing, as what is done in LTE (there are 3 subframes between PDSCH and PUCCH carrying HARQ ACK, and another 3 subframes between PUCCH carrying HARQ ACK to the PDSCH retransmission).

Given above discussion, it is proposed that the following method is used:

HARQ RTT [in slot] = 1 slot (PDCCH+PDSCH) 

+ the minimum number of slots covering (PUCCH duration + 2 * UE processing time)

Take 15 kHz SCS numerology (
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) as an example. Given that PUCCH duration + 2 * UE processing time = 1 + 2 * 8 = 17 symbols, then two slots (28 OFDM symbols) are needed to cover 17 OFDM symbols. Therefore HARQ RTT = 3 slots. It should be noted that although it is assumed that additional PDSCH DMRS is not configured, the processing time in Table 2 below can also accommodate the processing time when additional PDSCH DMRS is configured except for 120 kHz SCS numerology. In addition, there are also time allowed for timing advance.
Table 2: HARQ RTT for L2 buffer size calculation
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	SCS [kHz]
	PDSCH decoding time N1 [symbols]
	PUSCH duration + 

2 * UE processing time [symbols]
	HARQ RTT [slots]
	HARQ RTT [ms]

	0
	15
	8
	17
	3
	3

	1
	30
	10
	21
	3
	1.5

	2
	60
	17
	35
	4
	1

	3
	120
	20
	41
	4
	0.5


Question 4
· Do companies agree to derive HARQ RTT for L2 buffer size calculation in RAN2 instead of sending LS to RAN1?

	Company
	Yes/No
	Comments

	Nokia
	No (send LS to RAN1)
	On this part “Paired or unpaired spectrum: it is proposed to consider paired spectrum. This is also aligned with what is done in LTE before to considering FDD only. Note that UE achieves higher data rate for paired spectrum, therefore the calculated L2 buffer size is more than sufficient for unpaired spectrum.” 

This is not necessarily true because the FR2 bands are all TDD, but only there it is possible to run 120 kHz SCS and 400 MHz carrier BW.

	MediaTek
	Yes
	L2 buffer is mainly related to RLC_RTT, i.e. how long the transmitting RLC entities can continue sending new data at the maximum bit rate supported by the category in both UL and DL before having received an RLC ACK for the lowest outstanding RLC PDU. This only loosely related to HARQ_RTT. We can determine RLC_RTT in R2 and inform R1.

	Samsung
	Yes
	We agree with MediaTek. RAN2 can determine preliminary values used for buffer calculations and inform these values to RAN1. If RAN1 expresses a preference to use different HARQ RTT values, RAN2 will just take its calculations.

	NTT DOCOMO
	Yes/No
	We think that the methodology to derive total L2 buffer size should be clear, i.e. UE should support the value in the worst case. Thus, UE could determine it by calculate for the cases based on the UE capability. Therefore, for UE related parameters (e.g. processing time in UE and tranmission duration), we don’t need to consult with RAN1 since RAN2 only have to specify the methodology to calculate buffer size of the worst case. For gNB processing time, as proposed by the rapporteur, we may use UE processing time. 

RAN2 can send LS to RAN1 asking for confirmation on RAN2 understanding and ask whether there are aspects to be taken into account for HARQ RTT value derivation.

	Huawei
	Yes/No
	We agree that we can suggest first in RAN2 of the candidate values, and we send LS to RAN1 for confirmation. If RAN1 has different understandings, we can update our calculation in RAN2 later.

	Intel
	Yes
	Agree with MediaTek, Samsung, NTT DOCOMO and Huawei that RAN2 can determine the values for L2 buffer size calculation, and inform RAN1 for confirmation.

As to Nokia’s comment on unpaired spectrum in FR2, the main intention of assuming paired spectrum is to avoid the discussion related to TDD DL/UL configurations. The maximum data rate formula (provided by RAN1) in section 4.1.2 of TS 38.306 does not take into account TDD DL/UL configurations. If we take that into account, the data rate should be scaled down, while HARQ RTT might be increased. We may take more time to discuss which TDD DL/UL configuration to be used.

	ZTE
	Yes/No
	RAN2 can do the job, but should send LS to RAN1 for confirmation


Question 5
· For companies answering “Yes” to question 4: do companies agree with the above calculated HARQ RTT values (as in Table 2) to be used for L2 buffer size calculation?

	Company
	Yes/No
	Comments

	Nokia
	-
	The above calculation seems to be based on all best-case assumptions. In our understanding, the UE should be able to reach max data rate with at least 8 HARQ processes. From a network point of view, it makes little sense to start cutting down data rate due to buffer size limitations if e.g. fronthaul latency is not zero (e.g. because the HARQ management is in the CU). In this case, the Fronthaul latency contributes to the gNB processing when calculating the HARQ RTT. Overall, we need to check with RAN1 to make sure our assumptions are bit more robust.

	MediaTek
	No
	As mentioned above, we do not see the need to discuss HARQ_RTT for L2 buffer size calculation.

If some loose relation is needed during discussion, R1 has agreed 8 HARQ process for FDD and 16 HARQ process for TDD. For L2 buffer size calculation, it is good enough to base on SCS slot length and # of HARQ process, e.g. 8*0.5ms.

	Samsung
	FFS
	We think the above calculation is good baseline to discuss since it assume the ideal case so RAN2 can decide whether adding some loose times to determine the RTT or not.

	NTT DOCOMO
	No
	We are wondering if the total L2 buffer size could be calculated based on the specific assumption since gNB may use the other parameter sets to derive/estimate the value supported by the UE. Also, we think that generic methodology is preferable from future proof perspective. 

	Huawei
	FFS
	The figures might be too ideal and we need more time to check with RAN1 on specific values.

	Intel
	Yes
	Regarding using 8 HARQ processes, we’d like to note that both RAN1 and RAN2 takes great efforts to reduce user plane latency. Simply reusing 8 HARQ processes from LTE does not justify the improvements made in NR. Given that UE implementations supports much tighter processing time in NR compared to LTE, we think this should be reflected in the evaluation. 

As to fronthaul latency raised by Nokia, given that the standardized CU/DU split option is the split between PDCP and RLC, there seems to be no impact on HARQ RTT.

	ZTE
	Not exactly
	The assumption on HARQ RTT should be split between uplink and downlink because the L2 buffer size is calculated per UL and DL. For UL, PUSCH processing time can refer to section 6.4 in 38.214. Then for PDSCH processing time, not sure why minimum value instead of maximum value is chosen.


2.5     Other

Any other issues related to L2 buffer size calculation can be discussed here.
3      Summary and proposals

There are 7 companies participating in the email discussion. 
There are two options discussed regarding the methodology (Question 1):
· Option A: UE L2 buffer size is calculated based on the highest rate BC, i.e. UE L2 buffer size is L2Bufj, with BCj the highest rate band combination. This is already captured in TS 38.306 [6].
· Option B: UE L2 buffer size is calculated based on the maximum L2 buffer size calculated for each band combination, i.e. UE L2 buffer size is
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All companies prefer Option B. It is proposed to adopt option B.
Proposal 1: UE L2 buffer size is calculated based on the maximum L2 buffer size calculated for each band combination.
For L2 buffer size calculation for NR CA case (Question 2), companies have different understanding of the proposal. It is proposed to discuss this aspect further.
Proposal 2: RAN2 to further discuss how L2 buffer size is calculated for NR CA case.
For L2 buffer size calculation for NR/MR-DC case (Question 3), there are three companies prefer to consider SN terminated split bearer case, while two companies prefer to only consider MN terminated split bearer case as agreed in RAN2#99bis meeting. It is proposed to discuss this aspect further.
Proposal 3: RAN2 to further discuss how L2 buffer size is calculated for NR/MR-DC case.

Regarding how to derive RLC/HARQ RTT used for L2 buffer size calculation (Question 4), most companies (6 out of 7) prefer that RAN2 can derive the value and then inform RAN1 for verification. 
Proposal 4: RAN2 can derive RLC/HARQ RTT values used for L2 buffer size calculation, and then inform RAN1 for verification.
Regarding detailed methodology to derive RLC/HARQ RTT values (Question 5), companies have diverged views. It is proposed to discuss this aspect further.

Proposal 5: RAN2 to further discuss which RLC/HARQ RTT values are used for L2 buffer size calculation.
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