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Introduction
In RAN2#113, RAN2 has confirmed that the SI can be concluded from RAN2 perspective. For L2 buffer size, the following agreements were acheived [1]:
	Agreements online:
1. Capture the following in the TR on reducing total layer-2 buffer size for RedCap UEs: “According to the calculation in TS 38.306, with peak data rate reductions, L2 buffer requirements for RedCap UEs are implicitly reduced accordingly. The need for further reduction compared to calculation in TS 38.306 needs more discussion”.


After that, L2 buffer size reduction had been discussed and is ongoing in RAN2 email threads [2], and the possible solutions for L2 buffer size reduction were raised, e.g. introduce smaller scalingFactor.
	Observation 1: Following higher layer capabilities were proposed as not applicable for RedCap UE or that some change are needed for RedCap UE;
1) Maximum number of DRBs (8 DRBs, Mandatory without UE capability signalling for non-RedCap UE); FFS on number;
2) PDCP 18bits SN (Mandatory without UE capability signalling for non-RedCap UE); FFS on mandatory SN;
3) RLC AM with 18bits SN (Mandatory without UE capability signalling for non-RedCap UE); FFS on mandatory SN;
4) L2 buffer size in TS38.306; FFS on the number;
5) RRC processing delay; FFS on the number;
6) Introduce smaller scalingFactor for RedCap UE;
7) DRX number? (Rapporteur, it is unclear whether it means the change on existing DRX number or eDRX for RedCap UE)


In this contribution, we discuss the scaling factor for RedCap.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
In the latest WID [3] approved in RAN# 92 meeting, the following use case are included:
· Industrial wireless sensors: in which the reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases.
· Video surveillance: in which the reference economic video bitrate would be 2-4 Mbps, and High-end video e.g. for farming would require 7.5-25 Mbps.
· Wearables: in which the reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL, and peak bit rate of the device can be higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  
Based on above, even for the same type RedCap UE, the peak bit rate can be different about 80 times, e.g. from 2 Mbps to 150 Mbps. In addition, the service types are different between them. These differences will result in different hardware requirements, and hence result in different device cost and complexity. For this, some companies have discussed the necesssity to further reduce the L2 buffer size specified in 38.306, with thinking that most of the applications, especially for those do not have high data rates, do not need the entire L2 buffer specified in 38.306, and relaxing this requirement can help reduce buffer size and hence cost of RedCap UEs. 
To further reduce the L2 buffer size, scaling factor can be considerd as proposed by some companies. According to the previous discussion [2][4], there are two main ways for scaling factor:
· The first way is to reuse the current scaling factor (the backgroud and usge can be found in Apendix B and [5]). The current scaling factor can be used to scale down the supported peak data rate (MaxDLDataRate/MaxULDataRate), and according to the calculation in TS 38.306 [6], with peak data rate reductions, L2 buffer requirements for RedCap UEs are implicitly reduced accordingly. However, there is a restriction (“ is no smaller than 4”) in TS 38.306, then the benefits of reusing the current scaling factor are limited. Further, even with the smallest one (i.e. 0.4), the data rate in DL and UL are still very large for sensors and economic video scenarios (data rate requirement is less than 4 Mbps). So the current values (even 0.4 can be used) may not be enough to cover all Rel.17 RedCap use cases.
· The second way is to introduce another scaling factor for RedCap to scale down the L2 buffer size directly, and new values are need to be introduced accordingly.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Based on the above, there are four candidate schemes for Rel.17 RedCap as listed below, and the possible specification modifications can be found in appendix A.
· Scheme 1: Reuse the current scaling factor, and remove the restriction for RedCap. 
· Scheme 2: Reuse the current scaling factor, remove the restriction for RedCap, and introduce new value 0.1 for RedCap, e.g. the scaling factor values are {0.1, 0.4, 0.8}.
· Scheme 3: Define a new scaling factor (New IE) to scale down maximum throughput of RedCap UEs. e.g. Scalingfactor-RedCap, and the scaling factor values are {0.1, 0.4}.
· Scheme 4: Define a new scaling factor (New IE) to scale down L2 buffer size of RedCap UEs. e.g. Scalingfactor-RedCap, and the scaling factor values are FFS.
The comparison of these schemes is summarized below:
Table 3: Scheme Comparison
	Schemes
	Cost/ Complexity reduction
	Spec impacts
	Compatibility
	NW impacts

	Scheme 1
	Medium
	Minor
	Yes
	Minor

	Scheme 2
	High
	Small
	Yes
	Small

	Scheme 3
	High
	Medium
	Yes
	Small

	Scheme 4
	High
	Medium
	Yes
	Small


Take into consideration various factors (cost/complexity reduction, Spec and NW impacts, compatibility), we recommend scheme 2 to be adopted for Rel.17 RedCap.
Proposal 1: Reuse the current scaling factor, remove the restriction for RedCap, and introduce new value 0.1 for RedCap, e.g. the scaling factor values of RedCap are {0.1, 0.4, 0.8}.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
Based on the analyses and discussions, we have the following observations and proposals:
Proposal 1: Reuse the current scaling factor, remove the restriction for RedCap, and introduce new value 0.1 for RedCap, e.g. the scaling factor values of RedCap are {0.1, 0.4, 0.8}.

Reference 
[1] Chairman’s Notes, RAN2#113, e-Meeting, Jan.25th – Feb.05th, 2021.
[2] R2-2107676, Email discussion report on [105][RedCap] Capabilities (Intel).
[3] RP-211574, Revised WID on support of reduced capability NR devices.
[4] R2-2105539, Discussion on L2 buffer size reduction for Redcap UE, RAN2#114e, Spreadtrum.
[5] R1-2107385 Discussion on scaling factor for RedCap, RAN1#106e, Spreadtrum, Apple, CEPRI.
[6] TS 38.306, User Equipment (UE) radio access capabilities.


Appendix
A. The possible specification modifications of different schemes
Scheme 1: Reuse the current scaling factor, and remove the restriction for RedCap.
· Modifications in 38.306
--------------------------------------------------- Start of the modifications --------------------------------------------------
4.1.2	Supported max data rate for DL/UL
…
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
· NOTE: As an example, the value 4 in the component above can correspond to ,  and .
· NOTE: This restriction is not applied when the UE is indicated as a RedCap UE.
…
--------------------------------------------------- Unchanged parts omitted --------------------------------------------------
--------------------------------------------------- End of the modifications --------------------------------------------------

Scheme 2: Reuse the current scaling factor, remove the restriction for RedCap, and introduce new value 0.1 for RedCap, e.g. the candidate values of RedCap are {0.1, 0.4, 0.8}.
· Modifications in 38.306
--------------------------------------------------- Start of the modifications --------------------------------------------------
4.1.2	Supported max data rate for DL/UL
…
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
· NOTE: As an example, the value 4 in the component above can correspond to ,  and .
· NOTE: This restriction is not applied when the UE is indicated as a RedCap UE.
…
--------------------------------------------------- Unchanged parts omitted --------------------------------------------------
--------------------------------------------------- End of the modifications --------------------------------------------------

· Modifications in 38.331
--------------------------------------------------- Start of the modifications --------------------------------------------------
6.3.3	UE capability information elements
…
[bookmark: _Toc60777441][bookmark: _Toc76423728]–	FeatureSetDownlink
The IE FeatureSetDownlink indicates a set of features that the UE supports on the carriers corresponding to one band entry in a band combination.
FeatureSetDownlink information element
-- ASN1START
-- TAG-FEATURESETDOWNLINK-START

FeatureSetDownlink ::=                 SEQUENCE {
    featureSetListPerDownlinkCC        SEQUENCE (SIZE (1..maxNrofServingCells)) OF FeatureSetDownlinkPerCC-Id,

    intraBandFreqSeparationDL          FreqSeparationClass                        OPTIONAL,
    scalingFactor                      ENUMERATED {f0p4, f0p75, f0p8}             OPTIONAL,
…
	FeatureSetDownlink field descriptions

	featureSetListPerDownlinkCC
Indicates which features the UE supports on the individual DL carriers of the feature set (and hence of a band entry that refer to the feature set). The UE shall hence include at least as many FeatureSetDownlinkPerCC-Id in this list as the number of carriers it supports according to the ca-BandwidthClassDL, except if indicating additional functionality by reducing the number of FeatureSetDownlinkPerCC-Id in the feature set (see NOTE 1 in FeatureSetCombination IE description). The order of the elements in this list is not relevant, i.e., the network may configure any of the carriers in accordance with any of the FeatureSetDownlinkPerCC-Id in this list.

	supportedSRS-Resources
Indicates supported SRS resources for SRS carrier switching to the band associated with this FeatureSetDownlink. The UE is only allowed to set this field for a band with associated FeatureSetUplinkId set to 0.

	scalingFactor
For Non-RedCap UEs, f0p4, f0p75, f0p8 corresponding to 0.4, 0.75, and 0.8 respectively. For RedCap UEs, f0p4, f0p75, f0p8 corresponding to 0.1, 0.4, and 0.8 respectively.


…

[bookmark: _Toc60777448][bookmark: _Toc76423735]–	FeatureSetUplink
The IE FeatureSetUplink is used to indicate the features that the UE supports on the carriers corresponding to one band entry in a band combination.
FeatureSetUplink information element
-- ASN1START
-- TAG-FEATURESETUPLINK-START

FeatureSetUplink ::=               SEQUENCE {
    featureSetListPerUplinkCC      SEQUENCE (SIZE (1.. maxNrofServingCells)) OF FeatureSetUplinkPerCC-Id,
    scalingFactor                  ENUMERATED {f0p4, f0p75, f0p8}                 OPTIONAL,
…
	FeatureSetUplink field descriptions

	featureSetListPerUplinkCC
Indicates which features the UE supports on the individual UL carriers of the feature set (and hence of a band entry that refers to the feature set). The UE shall hence include at least as many FeatureSetUplinkPerCC-Id in this list as the number of carriers it supports according to the ca-BandwidthClassUL, except if indicating additional functionality by reducing the number of FeatureSetUplinkPerCC-Id in the feature set (see NOTE 1 in FeatureSetCombination IE description). The order of the elements in this list is not relevant, i.e., the network may configure any of the carriers in accordance with any of the FeatureSetUplinkPerCC-Id in this list.

	scalingFactor
For Non-RedCap UEs, f0p4, f0p75, f0p8 corresponding to 0.4, 0.75, and 0.8 respectively. For RedCap UEs, f0p4, f0p75, f0p8 corresponding to 0.1, 0.4, and 0.8 respectively.



--------------------------------------------------- Unchanged parts omitted --------------------------------------------------
--------------------------------------------------- End of the modifications ---------------------------------------------------

Scheme 3: Define a new scaling factor (New IE) to scale down maximum throughput of RedCap UEs. e.g. Scalingfactor-RedCap, and the candidate values are {0.1, 0.4}.
· Modifications in 38.306
--------------------------------------------------- Start of the modifications --------------------------------------------------
4.1.2	Supported max data rate for DL/UL
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.

wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.
	is the scaling factor given by higher layer parameter scalingFactor-RedCap and can take the values 1, 0.4 and 0.1.
…
--------------------------------------------------- Unchanged parts omitted --------------------------------------------------
--------------------------------------------------- End of the modifications --------------------------------------------------
· Modifications in 38.331
--------------------------------------------------- Start of the modifications --------------------------------------------------
6.3.3	UE capability information elements
…
–	FeatureSetDownlink
The IE FeatureSetDownlink indicates a set of features that the UE supports on the carriers corresponding to one band entry in a band combination.
FeatureSetDownlink information element
-- ASN1START
-- TAG-FEATURESETDOWNLINK-START

FeatureSetDownlink ::=                  SEQUENCE {
    featureSetListPerDownlinkCC             SEQUENCE (SIZE (1..maxNrofServingCells)) OF FeatureSetDownlinkPerCC-Id,

    intraBandFreqSeparationDL               FreqSeparationClass                                                     OPTIONAL,
    scalingFactor                ENUMERATED {f0p4, f0p75, f0p8}              OPTIONAL,
scalingFactor-RedCap         ENUMERATED {f0p1, f0p4,}                    OPTIONAL,

…
–	FeatureSetUplink
The IE FeatureSetUplink is used to indicate the features that the UE supports on the carriers corresponding to one band entry in a band combination.
FeatureSetUplink information element
-- ASN1START
-- TAG-FEATURESETUPLINK-START

FeatureSetUplink ::=                SEQUENCE {
    featureSetListPerUplinkCC           SEQUENCE (SIZE (1.. maxNrofServingCells)) OF FeatureSetUplinkPerCC-Id,
    scalingFactor              ENUMERATED {f0p4, f0p75, f0p8}                     OPTIONAL,
scalingFactor-RedCap       ENUMERATED {f0p1, f0p4,}                           OPTIONAL,

…
--------------------------------------------------- Unchanged parts omitted --------------------------------------------------
--------------------------------------------------- End of the modifications --------------------------------------------------

Scheme 4: Define a new scaling factor (New IE) to scale down L2 buffer size of RedCap UEs. e.g. Scalingfactor-RedCap, and the scaling factor values are FFS.
· Modifications in 38.306
--------------------------------------------------- Start of the modifications --------------------------------------------------
[bookmark: _Toc12750884][bookmark: _Toc29382248][bookmark: _Toc37093365][bookmark: _Toc37238641][bookmark: _Toc37238755][bookmark: _Toc46488650][bookmark: _Toc52574071][bookmark: _Toc52574157][bookmark: _Toc76511755]4.1.4	Total layer 2 buffer size for DL/UL
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.
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 ).
NOTE: 	is the scaling factor given by higher layer parameter scalingFactor-RedCap and can take the values X, X and X.
NOTE:	Additional L2 buffer required for preprocessing of data is not taken into account in above formula.
…
--------------------------------------------------- Unchanged parts omitted --------------------------------------------------
--------------------------------------------------- End of the modifications --------------------------------------------------
· Modifications in 38.331
--------------------------------------------------- Start of the modifications --------------------------------------------------
6.3.3	UE capability information elements
…
–	FeatureSetDownlink
The IE FeatureSetDownlink indicates a set of features that the UE supports on the carriers corresponding to one band entry in a band combination.
FeatureSetDownlink information element
-- ASN1START
-- TAG-FEATURESETDOWNLINK-START

FeatureSetDownlink ::=                  SEQUENCE {
    featureSetListPerDownlinkCC             SEQUENCE (SIZE (1..maxNrofServingCells)) OF FeatureSetDownlinkPerCC-Id,

    intraBandFreqSeparationDL               FreqSeparationClass                                                     OPTIONAL,
    scalingFactor                ENUMERATED {f0p4, f0p75, f0p8}              OPTIONAL,
scalingFactor-RedCap         ENUMERATED {XX, XX,  XX}                    OPTIONAL,

…
–	FeatureSetUplink
The IE FeatureSetUplink is used to indicate the features that the UE supports on the carriers corresponding to one band entry in a band combination.
FeatureSetUplink information element
-- ASN1START
-- TAG-FEATURESETUPLINK-START

FeatureSetUplink ::=                SEQUENCE {
    featureSetListPerUplinkCC           SEQUENCE (SIZE (1.. maxNrofServingCells)) OF FeatureSetUplinkPerCC-Id,
    scalingFactor              ENUMERATED {f0p4, f0p75, f0p8}                     OPTIONAL,
scalingFactor-RedCap       ENUMERATED {XX, XX,  XX}                           OPTIONAL,

…
--------------------------------------------------- Unchanged parts omitted --------------------------------------------------
--------------------------------------------------- End of the modifications --------------------------------------------------

B. Background for R15/16 NR scaling factor
The scaling factor was firstly introduced in RAN1#91, and according to the previous T-doc [R1-1804682][R1-1803648][R1-1807651], the use cases of the scaling factor are as follows:
· Scaling factor is used to reflect the association of capability mismatch between the baseband capability and RF capability for both SA UE and NSA UE.  
· Scaling factor is used to scale down maximum throughput of NSA UEs operating in EN-DC scenario that share hardware resources between LTE and NR.
For the first use case, it assumes that the UE may have good RF capability, for example, support of 256 QAM, however, the UE may not be able to process the peak data rates associated with 256 QAM in baseband when the assigned resource is very large.
For the second use case, considering the UE share hardware resources between LTE and NR, the aggregate maximum data rate from both sides should be limited within the hardware capability, therefore, the scaling factor is applied on NR side.
Observation B1: In Rel15/16, the scaling factor in spec is used to reflect the association of capability mismatch between the baseband capability and RF capability or scale down maximum throughput of NSA UEs operating in EN-DC scenario.
The scaling factor is given by higher layer parameter scalingFactor (in UE capability IEs) and can take the values 1, 0.8, 0.75, and 0.4.  Information on how to use the scaling factor can be found in the following spec:
	TS 38.306 clause 4.1.2 Supported max data rate
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.

	 is the numerology (as defined in TS 38.211 [6])



[bookmark: OLE_LINK8]	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.

	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL
NOTE:	Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL.
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
NOTE: As an example, the value 4 in the component above can correspond to ,  and .

	TS 38.331 clause 6.3.3	UE capability information elements

FeatureSetDownlink information element
-- ASN1START
-- TAG-FEATURESETDOWNLINK-START

FeatureSetDownlink ::=                  SEQUENCE {
    featureSetListPerDownlinkCC             SEQUENCE (SIZE (1..maxNrofServingCells)) OF FeatureSetDownlinkPerCC-Id,

    intraBandFreqSeparationDL FreqSeparationClass                                                     OPTIONAL,
scalingFactor         ENUMERATED {f0p4, f0p75, f0p8}                                          OPTIONAL,
…
FeatureSetUplink information element
-- ASN1START
-- TAG-FEATURESETUPLINK-START

FeatureSetUplink ::=                SEQUENCE {
    featureSetListPerUplinkCC           SEQUENCE (SIZE (1.. maxNrofServingCells)) OF FeatureSetUplinkPerCC-Id,
    scalingFactor         ENUMERATED {f0p4, f0p75, f0p8}                                          OPTIONAL,

	Note1: There is a restriction highlight in yellow.
Note2: For the highlight in blue part, it can be implicitly deduced that if the scalingfactor is not reported, the scalingfactor is 1.


Observation B2: For single carrier NR SA operation, there is a restriction when use the scaling factor, i.e. the multiplication of MIMO layer, modulation order and scaling factor should no smaller than 4.
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