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Discussion and Decision
1      Introduction

L2 buffer size capability was discussed in previous RAN2 meetings and following was captured in TS 38.306 [5]:

	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 * RLC RTT + MaxDLDataRate_SN * RLC RTT + MaxDLDataRate_MN * (RLC RTT + Xn delay + Queuing in SN). Otherwise it is calculated by MaxDLDataRate * RLC RTT + MaxULDataRate * RLC RTT. 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 in the supported MR-DC or NR band combinations.

wherein

Xn delay + Queuing in SN = 25ms

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 per SCS

SCS (KHz)

RLC RTT (ms)

15KHz

TBD

30KHz

TBD

60KHz

TBD

120KHz

TBD

Editor's Note: Both MN terminated split bearer and SN terminated split bearers are considered for L2 buffer size calculation for MR-DC and discussion/decision on the detailed equation is needed.


In this contribution, we discuss the remaining issues for L2 buffer size capability.
2      Discussion
2.1     RLC RTT value for each numerology
In LTE Rel-8, 75 ms RTT value is used, which is based on [11]. The rationale to select 75 ms is as follows:

Assuming e.g. that maximum 5 HARQ retransmissions are supported and that the RLC polls for every 32nd TTI, the maximum RLC RTT can be estimated to be 5*8 ms + 32 ms = 72 ms.

In LTE Rel-12 DC, 75 ms RTT value was still used to derived layer 2 buffer size, as in [12]

 REF Ref_Nokia \h 
 \* MERGEFORMAT [13]

 REF Ref_Nokia_CR \h 
 \* MERGEFORMAT [14].
For NR, in [15], RTT of 50 ms was proposed, based on the NR U-Plane discussion of PDCP SN size. 50 ms RTT is suitable for 15 kHz SCS, while lower values can be considered for larger SCS. It should be noted that in NR U-Plane discussion, less than 50 ms RTT values were also considered e.g. [16]

 REF Ref_Ericsson_PDCPSN \h 
 \* MERGEFORMAT [17]

 REF Ref_HTC_PDCPSN \h 
 \* MERGEFORMAT [18]. Therefore one cannot simply reuse 50 ms for layer 2 buffer size calculation.
If we follow the principle of deriving RLC RTT value as in Rel-8 and Rel-12, it is obvious that RLC RTT depends on the HARQ RTT value. Note that even 32 ms RLC poll is related to the HARQ RTT value since it is reasonable to assume that RLC Poll interval is correlated with HARQ RTT value.

Considering the 50 ms RLC RTT for 15 kHz subcarrier spacing (which is used in LTE), one possible way is to define RLC RTT = 6 HARQ RTT. In case of LTE, this gives 48 ms RLC RTT, which is close to 50 ms used in PDCP SN size calculation. The reason to shorten the RLC RTT from 75 ms to 48 ms is to minimize the RLC retransmission delay. Taking DL as an example. Since when to set the poll bit is up to gNB implementation, there is no need for gNB to wait for a long time to ask for RLC status report. When peak data rate is achieved, there is not much overhead for RLC status report transmission. Therefore one potential approach is that RLC RTT is set to 6 HARQ RTT, assuming 5 HARQ RTT for initial transmission plus one RTT time for the polling, status report and ARQ retransmission. 

Considering the tradeoff between UE memory requirement and gNB scheduling flexibility, RLC RTT value are proposed in green column of Table 1 below. Other columns are shown to illustrate that such values should provide sufficient margin for RLC retransmission. Column “HARQ RTT 1” indicates the HARQ RTT values calculated from the processing time agreed in RAN1, with details in Annex. Column “HARQ RTT 2” assumes 8 slot HARQ RTT. The last two columns show the ratio between RLC RTT and HARQ RTTs. For example, for 15 kHz SCS, 40 ms is 10 times of HARQ RTT 1, and 5 times of HARQ RTT 2. Table 1 shows that the proposed RLC RTT values provide much large margin for RLC retransmission, especially for larger SCS (e.g. for 120 kHz SCS, even if we assume 8 slot HARQ RTT, the proposed RLC RTT value is still 15 times of HARQ RTT). It should be noted that shorter HARQ RTT results in better performance, e.g. less latency. Given that the motivation for L2 buffer size capability is to guarantee reasonable performance (e.g. to avoid dropping packets), it is also natural to assume that HARQ RTT should be as small as possible from performance perspective.
Table 1: RLC RTT for L2 buffer size
	SCS [kHz]
	RLC RTT [ms]
	Slot duration [ms]
	HARQ RTT 1 [ms]
	HARQ RTT 2 [ms]
	RLC RTT / 

HARQ RTT 1
	RLC RTT / 

HARQ RTT 2

	15
	40
	1
	4
	8
	10
	5

	30
	30
	0.5
	2
	4
	15
	7.5

	60
	20
	0.25
	1
	2
	20
	10

	120
	15
	0.125
	0.5
	1
	30
	15


Proposal 1: Following RLC RTT values are captured in TS 38.306:

	SCS (KHz)
	RLC RTT (ms)

	15KHz
	40

	30KHz
	30

	60KHz
	20

	120KHz
	15


2.2     L2 buffer size calculation for NR CA

In previous section, RLC RTT value is specific to each numerology. As agreed in RAN2 NR AH#1801 meeting: “UE's L2 buffer size requirement is calculated based on the maximum L2 buffer size calculated for each band combination. For each band combination the L2 buffer size is calculated based on the maximum L2 buffer size calculated for each possible BPC”. For a given band combination and an applicable BPC, there could be multiple numerologies. Then which RLC RTT should be used when calculation L2 buffer size? For example, for NR CA case, following equations are used: MaxDLDataRate * RLC RTT + MaxULDataRate * RLC RTT. To maximize the bitrate-delay product by considering the mixed numerology, it is proposed to use the largest RLC RTT according to the BPC and band combination. As RLC RTT decreases when the SCS increases, it is straightforward to select the RLC RTT value corresponding to the smallest SCS numerology supported in the band combination and BPC.
In [19], it was proposed that for all band combinations including one or more carriers on FR1, the required L2 buffer size is determined based on the RLC RTT resulting from SCS=15kHz (50 ms), and for other band combinations (not containing any carrier on FR1) the required L2 buffer size is determined using the lower RLC RTT resulting from SCS=60 kHz. The proposal cannot correctly reflect the L2 buffer size required for the peak data rate. For example, in FR1, the maximum channel bandwidth supported by 15, 30, and 60 kHz SCS are 50, 100, and 100 MHz, respectively (in TS 38.101-1 [9] Table 5.3.2-1). Therefore it is possible that UE achieves peak data rate for a band combination containing 2 carriers of 100 MHz bandwidth, and only 30 kHz SCS are supported in the band combination. Requiring UE to support L2 buffer size based on 15 kHz SCS increases UE memory cost, which is not justified. Similarly for FR2, the maximum channel bandwidth supported by 60 and 120 kHz SCS are 200 and 400 MHz, respectively (in TS 38.101-2 [10] Table 5.3.2-1). Therefore for FR2, it is also natural to use the RLC RTT corresponding to the smallest SCS numerology supported in the band combination and BPC, instead of using the RLC RTT for 60 kHz SCS. It should be noted that selecting RLC RTT with this approach does not cause additional computation overhead.
Proposal 2: RLC RTT for NR cell group corresponds to the smallest SCS numerology supported in the band combination and BPC.

2.3     L2 buffer size calculation for MR/NR-DC

For non-split bearer case, in [21], it was proposed to clarify the data rate and RTT in each CG. Such clarification is helpful for both non-split bearer and split bearer. However given that support of DL split bearer is mandatory for MR-DC capable UEs, and the L2 buffer size requirement for split bearer is larger than that of non-split bearer, it is proposed to focus on split bearer case (the L2 buffer size requirement for non-split bearer is naturally satisfied).

Following is captured in TS 38.306: “Both MN terminated split bearer and SN terminated split bearers are considered for L2 buffer size calculation for MR-DC and discussion/decision on the detailed equation is needed.”

Currently the equation for MR/NR-DC captured in TS 38.306 (MaxULDataRate * RLC RTT + MaxDLDataRate_SN * RLC RTT + MaxDLDataRate_MN * (RLC RTT + Xn delay + Queuing in SN) assumes MN terminated split bearer. For MN terminated split bearer, 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. [21][15] proposed to calculate UL component as MaxULDataRate_MN * RTT_MN + MaxULDataRate_SN * RTT_SN. Considering the symmetry for the calculation of MN terminated and SN terminated split bearer, the equation to calculate L2 buffer size is:

MaxULDataRate_MN * RTT_MN + MaxULDataRate_SN * RTT_SN + 

max{ MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN),                      
MaxDLDataRate_MN * RTT_MN + MaxDLDataRate_SN * (RTT_MN + Xn delay + Queuing in MN) }                   

In [19], it is proposed that for the UL component, the Xn delay and UE preprocessing depth should be considered. The methodology in [19] for UL component is different from what is used in LTE. In addition, UE preprocessing is up to UE implementation and generally it is minimized in case of split bearer case according to TS 38.323 [4] section 5.2.1 below. Therefore it is not needed to consider Xn delay or UE preprocessing depth for the UL component of L2 buffer size.
	NOTE 2:
If the transmitting PDCP entity is associated with two RLC entities, the UE should minimize the amount of PDCP PDUs submitted to lower layers before receiving request from lower layers and minimize the PDCP SN gap between PDCP PDUs submitted to two associated RLC entities to minimize PDCP reordering delay in the receiving PDCP entity.


In summary, L2 buffer size calculation for MR/NR DC is as follows:
Proposal 3: For MR/NR DC, for a given band combination and applicable BPC, L2 buffer size is:
MaxULDataRate_MN * RTT_MN + MaxULDataRate_SN * RTT_SN + 

max{ MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN),                      
MaxDLDataRate_MN * RTT_MN + MaxDLDataRate_SN * (RTT_MN + Xn delay + Queuing in MN) }                   

Another open issue is that we have already agreed Xn delay + Queuing in SN = 25ms, but there is no agreement on Xn delay + Queueing in MN. It is proposed to adopt the same value, i.e. set Xn delay + Queuing in MN = 25ms. The reason is that Xn delay + Queuing in MN is related to user plane latency. Given that the user plane latency requirement is 5 ms, there is no motivation to further increase Queuing in MN.

Proposal 4: Xn delay + Queuing in MN = 25ms.
3      Conclusion
In this contribution, we discuss the remaining issues for L2 buffer size capability, and proposal the following:
Proposal 1: Following RLC RTT values are captured in TS 38.306:

	SCS (KHz)
	RLC RTT (ms)

	15KHz
	40

	30KHz
	30

	60KHz
	20

	120KHz
	15




 REF Proposal_Mix \h 

Proposal 2: RLC RTT for NR cell group corresponds to the smallest SCS numerology supported in the band combination and BPC.

Proposal 3: For MR/NR DC, for a given band combination and applicable BPC, L2 buffer size is:

MaxULDataRate_MN * RTT_MN + MaxULDataRate_SN * RTT_SN + 

max{ MaxDLDataRate_SN * RTT_SN + MaxDLDataRate_MN * (RTT_SN + Xn delay + Queuing in SN),                      
MaxDLDataRate_MN * RTT_MN + MaxDLDataRate_SN * (RTT_MN + Xn delay + Queuing in MN) }                   


Proposal 4: Xn delay + Queuing in MN = 25ms.
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Annex HARQ RTT
In this section, we discuss the HARQ RTT value based on RAN1 agreements. 

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 [6] 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 [8]:

	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. Currently supported values of nrofHARQ-processesForPDSCH in TS 38.331[2] is specified as follows:


-- The number of HARQ processes to be used on the PDSCH of a serving cell. n2 corresponds to 2 HARQ processes, n4 to 4 HARQ processes 


-- and so on. If the field is absent, the UE uses 8 HARQ processes. 


-- Corresponds to L1 parameter 'number-HARQ-process-PDSCH' (see 38.214, section REF) 


nrofHARQ-ProcessesForPDSCH



ENUMERATED {n2, n4, n6, n10, n12, n16}

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. There were proposals to consider unpaired spectrum since there are only unpaired spectrum deployment in FR2 so far. It should be noted that the maximum data rate formula (as in section 2.1) assumes that the resources are fully available to both DL and UL, and does not take into account TDD DL/UL configurations. For unpaired spectrum, DL and UL are TDMed, therefore the data rate for both DL and UL should be scaled down (which reduces L2 buffer size), while HARQ RTT might be increased (which increases L2 buffer size). We may take more time to discuss which TDD DL/UL configuration to be used. In NR, TDD DL/UL configuration can be flexibly configured (with periodicity and bitmap), therefore selecting a representative TDD DL/UL configuration and then derive HARQ RTT can take quite some time.
· 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. In RAN1 NR AH#1801 meeting, it was agreed that “Starting symbol can be symbol index #0, 1, 2, 3 in a slot”, and “Length of the PDSCH is at least X symbols, up to 14 symbols within a slot, such that slot boundary is not crossed”. 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 [7]. 

	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 [8], 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 
[image: image4.wmf]UL

SCS

C

m

k

-

×

=

2


-
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 2: PDSCH processing time for L2 buffer size calculation
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	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 [3] 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 v15.0.0 [2]. 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 is 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).

Based on above assumptions, HARQ RTT can be calculated below:

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 (
[image: image9.wmf]DL
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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 3 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. In Table 3 below, column “HARQ RTT Calculated [slots]” is based on the values calculated in this Annex, while column “HARQ RTT RRC [slots]” is the value rounded to the allowed RRC signalling IE nrofHARQ-ProcessesForPDSCH. Since 3 HARQ processes cannot be signalled, 4 HARQ processes are used for HARQ RTT. Column “HARQ RTT [ms]” is calcualted based on column “HARQ RTT RRC [slots]”.
Table 3: 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 Calculated [slots]
	HARQ RTT RRC [slots]
	HARQ RTT [ms]

	0
	15
	8
	17
	3
	4
	4

	1
	30
	10
	21
	3
	4
	2

	2
	60
	17
	35
	4
	4
	1

	3
	120
	20
	41
	4
	4
	0.5


1

_1234567895.unknown

_1234567897.unknown

_1234567898.unknown

_1234567899.unknown

_1234567896.unknown

_1234567893.unknown

_1234567894.unknown

_1234567892.unknown

