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Introduction
In an received LS [1], RAN 2 is requesting RAN1 to discuss L2 buffer size reduction and provide feedback to RAN2. For this LS, as we discussed in another contribution submitted for this meeting [2], we suppose that RAN1 should help RAN2 to analyze the RAN1 related schemes for L2 buffer size reduction from the perspective of feasibility, cost (L2 buffer size reduction) benefits, spec impacts, system impacts, and so on.
In this contribution, we analyze the RAN1 related schemes for L2 buffer size reduction.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Motivations for L2 buffer size reduction
According to the previous discussion in RAN2 [3] and RAN1 [4][5][6], the benefits and/or the motivations for L2 buffer size reduction are as follows:
· Help to reduce memory size, and hence cost of RedCap UE. 
· Beneficial to matching the required data rate of different redcap use cases. 
· Contribute to RedCap UE complexity reduction.
· Help the uptake of Rel-17 Redcap UE in a wider range of use cases. 
· Help to expand the market for RedCap for some use cases.
From the above, L2 buffer size reduction is meaningful and worth well considering for RedCap. 

Schemes for L2 buffer size reduction
Several schemes for L2 buffer size reduction were proposed in RAN2 [3][7] and RAN1 [8], and the RAN1 related schemes can be summarized as follows:
· Scheme 1: Reuse the current scaling factor (SF) in TS 38.306 for RedCap.
· Scheme 2: Reuse the current SF in TS 38.306, and remove or relax the constraint for RedCap. 
· Scheme 3: Reuse the current SF in TS 38.306, remove or relax the constraint for RedCap, and introduce new smaller value(s) for RedCap. 
Our analysis in chapter 2.3 is based on the above schemes. The background of the current SF can be found in our previous contribution [4].

Analysis of the schemes for L2 buffer size reduction
For the perspective of feasibility, we understand that all the schemes are feasible for RedCap, the differences of these schemes are spec/network impacts and cost (L2 buffer size reduction) benefits. Next, we evaluate the spec/network impacts and cost (L2 buffer size reduction) benefits, scheme by scheme.
Scheme 1: Reuse the current SF in TS 38.306 for RedCap.
For scheme 1, there are no network impacts were observed, since the current spec already supports this. Besides, the spec impacts are almost zero, the only spec work is that the RedCap UE needs to support the current SF. However, due to the current constraint (i.e., component  is no smaller than 4), 0.4 cannot be used for RedCap, the peak data rate can only be reduced to 55Mbps, and then the benefits of reusing the current SF for L2 buffer size reduction are limited.
Observation 1: For scheme 1, the spec/network impacts are almost zero, but the cost benefits (L2 buffer size reduction) are limited.

Scheme 2: Reuse the current SF in TS 38.306, and remove or relax the constraint for RedCap. 
For scheme 2, when the constraint is removed, the UE can indicate a very low data rate capability using the SF and using the maximum supported modulation order (see appendix A.1), however, as mentioned by Ericsson in the last RAN1 meeting [8], this will impact the reception of SI/paging messages (i.e., huge network impacts). In this regard, remove the constraint for RedCap is not suitable at this stage. 
Observation 2: For scheme 2, remove the constraint for RedCap is not suitable, since it may bring huge network impacts
[bookmark: _GoBack]Based on the above, the relaxation of the constraint should at least ensure that there is no obvious network impacts, e.g., no impacts to the reception/transmission of some messages before capabilities reporting. As the UE can indicate its max data rate capabilities using the SF and using the maximum supported modulation order (Max Qm), the allowed TBS within a TTI will be changed accordingly. For this, we checked all the related message’s size, and compared them to the max data rate capabilities of the current RedCap, to analyze whether and how the constraint relaxation can be made.
The reference RedCap is 20MHz (51PRB)+1Rx+1MIMO layer+64QAM+30KHz SCS+FD_FDD, then the max data rate capabilities are around 82Mbps/87.6Mbps in DL/UL, the allowed TBSs within a TTI are around 41000bits/43800bits in DL/UL. 
For comparison purposes, the relationship between the supported peak data rate, the reported capabilities and the constraint can be found in table 1 and 2.
Table 1: the supported peak data rate and the corresponding capability combination
	Data rare(DL/UL)
	SF=1
	SF=0.8
	SF=0.75
	SF=0.4

	64QAM =6
	81.9Mbps/87.6Mbps
	65.6Mbps/70.1Mbps
	61.5Mbps/65.7Mbps
	32.8Mbps/35.04Mbps

	16QAM = 4
	54.6Mbps/58.4Mbps
	43.7Mbps/46.7Mbps
	41Mbps/43.8Mbps
	21.9Mbps/23.36Mbps

	QPSK = 2
	27.3Mbps/29.2Mbps
	21.9Mbps/23.36Mbps
	20.5Mbps/21.9Mbps
	10.9Mbps/11.68Mbps

	BPSK = 1 
	13.65Mbps/14.6Mbps
	10.9Mbps/11.68Mbps
	10.25Mbps/10.95Mbps
	5.46Mbps/5.84Mbps


Table 2: the corresponding constraint
	Q×F
	SF=1
	SF=0.8
	SF=0.75
	SF=0.4

	64QAM =6
	6
	4.8
	4.5
	2.4

	16QAM = 4
	4 (the current one)
	3.2
	3
	1.6

	QPSK = 2
	2
	1.6
	1.5
	0.8

	BPSK = 1 
	1
	0.8
	0.75
	0.4


· MIB (DL)
According to the current spec (38.212/38.331), the payload size of MIB is 32 bits, which is much less than 41000bits. Therefore, the constraint can be removed (SF=0.4 & BPSK) for MIB.
· SIB (DL)
According to the current spec (38.214/38.331), the payload size of SIB is 2976 bits, which is much less than  41000bits.  Therefore, the constraint can be relaxed to 0.75 (SF=0.75 & BPSK) for MIB.
· Paging (DL)
According to the current spec (38.214), the UE is not expected to decode a PDSCH sheduled with P-RNTI,RA-RNTI,SI-RNTI and Qm > 2, then the Max Qm is 2 and the max code rate is 0.66. Then the peak data rate of paging is around 19Mbps, then the max payload size of paging is 9600 bits, which is less than 41000bits. Therefore, the constraint can be relaxed to 1.5 (SF=0.75 & QPSK) for paging.
· Msg 2 (DL)
Similar with paging, according to the current spec (38.214), the UE is not expected to decode a PDSCH sheduled with P-RNTI, RA-RNTI, SI-RNTI and Qm > 2, then the Max Qm is 2 and the max code rate is 0.66. Thus, the peak data rate of Msg 2 is around 19Mbps, and then the max payload size of Msg 2 is 9600 bits, which is less than 41000bits. Therefore, the constraint can be relaxed to 1.5 (SF=0.75 & QPSK) for Msg 2.
· Msg 3 (UL)
According to the current spec (38.213), when a PUSCH is scheduled by a RAR, the UE determines the MCS of the PUSCH transmission from the first sixteen indexes of the applicable MCS index table for PUSCH as described in [6, TS 38.214]. based on 38.214, the max Qm is16 QAM and the max code rate is 0.64, then the peak data rate of Msg 3 is around 20.6Mbps, then the max payload size of Msg 3 is 10300 bits, which is less than 43800bits. Therefore, the constraint can be relaxed to 1.5 (SF=0.75 & QPSK) for Msg 3.
· Msg 4 (DL)
There is no limitation for Msg4 in PHY spec, but according to L2 spec, Msg 4 is used to carry the RRC set up and contention resolution. The max PDCP size is 9K bytes and the contention resolution size is 6 bytes, in addition, there is an MAC header 1 byte. Therefore, Msg 4 can be up to 9007bytes = 72056bits, this bit size is a max value from spec perspective, obviously, it is higher than the allowed TBS within a TTI for the current RedCap even without any relaxation.
Then we checked three different Msg 4 logs from current 5G network in China, and found that the average size of Msg4 is around 1000bits. 
Table 3: Msg 4 logs
	Logs 1
	Logs 2
	Logs 3
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Based on network implementation, the constraint can be relaxed to a small value.
According to the above analysis, the constraint can be relaxed from 4 to 1.5 (i.e., the largest one of the above) under the condition of no/small network impacts. With the constraint 1.5, the UE can indicate a very low data rate capability (e.g., 20Mbps, by reporting the SF=0.75 and QPSK), this brings considerable cost (L2 buffer size reduction) benefits for RedCap. In addition, the spec impacts are very small with new constraint value, include, 1) the RedCap UE needs to support the current SF, 2) Constraint modification for RedCap, the possible spec modifications can be found in appendix A2.1.
Observation 3: For scheme 2, the constraint can be relaxed from 4 to 1.5. With the constraint 1.5, the spec/network impacts are very small, and the cost (L2 buffer size reduction) benefits are considerable.

Scheme 3: Reuse the current SF in TS 38.306, remove or relax the constraint for RedCap, and introduce new smaller value(s) for RedCap. 
This scheme introduces smaller SF value(s) on the basis of scheme 2. The motivation of smaller SF for RedCap is that new smaller SF (e.g. 0.1 or 0.2) brings finer granularity of capabilities indication for a variety of scenarios (include the possible Rel.18 scenarios). 
However, based on the evaluation for scheme 2 in chapter 2.3.2, the constraint cannot be removed and can only be relaxed from 4 to 1.5, therefore, the smallest SF is 0.25, since =1*6*0.25=1.5. 
With new SF 0.25 and the constraint 1.5, the indicated data rate capability is same with scheme 2 (i.e., 20Mbps, by reporting the SF=0.25 and 64QAM), then, the cost (L2 buffer size reduction) benefits for RedCap is also same with scheme 2. However, the spec impacts are higher than scheme 2, but still very small, include, 1) the RedCap UE needs to support the current SF, 2) Constraint modification for RedCap , 3) introduce new SF 0.25 for RedCap,  the possible spec modifications for scheme 3 can be found in appendix A2.2. The network impacts are little higher than scheme 2, since a new SF value needs to be processed at gNB side.
Observation 4: For scheme 3, the constraint can be relaxed from 4 to 1.5, and SF 0.25 can be introduced. With the constraint 1.5 and SF 0.25, the spec/network impacts are small, and the cost (L2 buffer size reduction) benefits are considerable.
As SF values smaller than 0.25 are not available and the finer granularity of capabilities indication can be realized by using the maximum supported modulation order (Max Qm = 1, 2, 3, 4, 6, 8). In this regards, the necessity of smaller SF in R17 is limited, it can be considered in Rel.18, if need.

Summary of the analysis
Based on the analysis in chapter 2.3.1-2.3.3, for scheme 2 and scheme 3, the constraint can be relaxed to 1.5, the new smaller SF value can be 0.25. Then, the RAN1 related schemes can be modified as follows:
· Scheme 1: Reuse the current SF in TS 38.306 for RedCap.
· Scheme 2: Reuse the current SF in TS 38.306, and relax the constraint from 4 to 1.5 for RedCap. 
· Scheme 3: Reuse the current SF in TS 38.306, relax the constraint from 4 to 1.5 for RedCap, and introduce new smaller value, e.g., 0.25 for RedCap. 
The comparison of these three modified schemes is summarized below:
Table 4: Schemes comparison 
	Schemes
	Feasibility
	Cost (L2 buffer size reduction) benefits 
	Spec impacts
	Network impacts

	Scheme 1
	Yes
	Limited
	Almost zero
	Almost zero

	Scheme 2
	Yes
	Good
	Very small
	Very Small 

	Scheme 3
	Yes
	Good
	Small
	Small 



Draft reply LS 
Base on the analysis for the RAN1 related schemes in chapter 2.3, the following reply LS can be considered:
	RAN1 would like to thank RAN2 for the LS R2-2109198 on L2 buffer size reduction. 
RAN1 evaluated and discussed all the RAN1 related schemes for L2 buffer size reduction:
· Scheme 1: Reuse the current scaling factor in TS 38.306 for RedCap.
· Scheme 2: Reuse the current scaling factor in TS 38.306, and remove or relax the constraint for RedCap. 
· Scheme 3: Reuse the current scaling factor in TS 38.306, remove or relax the constraint for RedCap, and introduce new smaller value(s) for RedCap. 
The evaluation results are as follows:
· All the schemes are feasible.
· For scheme 1, the spec/network impacts are almost zero, but the cost benefits (L2 buffer size reduction) are limited.
·  For scheme 2, the constraint can be relaxed from 4 to 1.5. With the constraint 1.5, the spec/network impacts are very small, and the cost (L2 buffer size reduction) benefits are considerable.
· For scheme 3, the constraint can be relaxed from 4 to 1.5, and SF 0.25 can be introduced. With the constraint 1.5 and SF 0.25, the spec/network impacts are small, and the cost (L2 buffer size reduction) benefits are considerable.


Proposal 1: Send the reply LS to RAN2.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
In this contribution, we discuss the RAN1 related schemes for L2 buffer size reduction for RedCap. Based on the analyses and discussions, we have the following observations and proposals:
Observation 1: For scheme 1, the spec/network impacts are almost zero, but the cost benefits (L2 buffer size reduction) are limited.
Observation 2: For scheme 2, remove the constraint for RedCap is not suitable, since it may bring huge network impacts
Observation 3: For scheme 2, the constraint can be relaxed from 4 to 1.5. With the constraint 1.5, the spec/network impacts are very small, and the cost (L2 buffer size reduction) benefits are considerable.
Observation 4: For scheme 3, the constraint can be relaxed from 4 to 1.5, and SF 0.25 can be introduced. With the constraint 1.5 and SF 0.25, the spec/network impacts are small, and the cost (L2 buffer size reduction) benefits are considerable.
Proposal 1: Send the reply LS to RAN2.
	RAN1 would like to thank RAN2 for the LS R2-2109198 on L2 buffer size reduction. 
RAN1 evaluated and discussed all the RAN1 related schemes for L2 buffer size reduction:
· Scheme 1: Reuse the current scaling factor in TS 38.306 for RedCap.
· Scheme 2: Reuse the current scaling factor in TS 38.306, and remove or relax the constraint for RedCap. 
· Scheme 3: Reuse the current scaling factor in TS 38.306, remove or relax the constraint for RedCap, and introduce new smaller value(s) for RedCap. 
The evaluation results are as follows:
· All the schemes are feasible.
· For scheme 1, the spec/network impacts are almost zero, but the cost benefits (L2 buffer size reduction) are limited.
·  For scheme 2, the constraint can be relaxed from 4 to 1.5. With the constraint 1.5, the spec/network impacts are very small, and the cost (L2 buffer size reduction) benefits are considerable.
· For scheme 3, the constraint can be relaxed from 4 to 1.5, and SF 0.25 can be introduced. With the constraint 1.5 and SF 0.25, the spec/network impacts are small, and the cost (L2 buffer size reduction) benefits are considerable.
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Appendix
A.1 Indication of the max data rate capabilities
In [9], the indication method of the max data rate capabilities is described.
	The UE capability signaling allows UE to flexibly indicate the data rate it supports via two additional capability parameters scalingFactor and supportedModulationOrderDL (and similarly two parameters for UL). The sole usage of these two capability parameters is in data rate calculation only (in 38.306) and it is to allow UE to signal a lower peak data rate than the peak rate indicated by the aggregated carriers, number of layers, etc. 
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	scalingFactor
Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2. Value f0p4 indicates the scaling factor 0.4, f0p75 indicates 0.75, and so on. If absent, the scaling factor 1 is applied to the band in the max data rate calculation.
	FS
	Tbd
	No
	No

	supportedModulationOrderDL
Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate calculation as defined in 4.1.2. If included, the network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for downlink. If not included:
-	for FR1, the network uses the modulation order signalled in pdsch-256QAM-FR1.
-	for FR2, the network uses the modulation order signalled per band i.e. pdsch-256QAM-FR2 if signalled. If not signalled in a given band, the network shall use the modulation order 64QAM.
In all the cases, it shall be ensured that the data rate does not exceed the max data rate (DataRate) and max data rate per CC (DataRateCC) according to TS 38.214 [12].
	FSPC
	No
	No
	No



The motivations for scalingFactor signaling from the UE (taking values from 0.4, 0.75, 0.8 and 1) was described in RAN1 LS to RAN2 (R1-1807651) and were mainly for cases with CA/DC cases where UE supporting several carriers can indicate that it supports fewer layers or lower data rate. 
The supportedModulationOrderDL signaling from the UE was introduced allowing a UE that supports e.g. 256QAM modulation, but only supporting a peak data rate corresponding to a lower modulation order (indicated by supportedModulationOrderDL) such as anyone from {pi/2-BPSK,QPSK,16QAM, 64QAM, 256QAM}corresponding to (e.g. using Q = 1/2/4/6/8). 



A.2 The possible spec modifications
The possible specification modifications of different schemes are listed in A.2.1-A.2.2
A2.1 Scheme 2
According to the discussion in chapter 2.3.2, the scheme 2 can be modified as “Reuse the current scaling factor in TS 38.306, and relax the constraint from 4 to 1.5 for RedCap.”, then the spec modifications of scheme 2 are as follows:
· 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: The component  is no smaller than 1.5 when the UE is indicated as a RedCap UE.
…
--------------------------------------------------- Unchanged parts omitted --------------------------------------------------
--------------------------------------------------- End of the modifications --------------------------------------------------

A2.2 Scheme 3
According to the discussion in chapter 2.3.3, the scheme 3 can be modified as “Reuse the current scaling factor in TS 38.306, relax the constraint from 4 to 1.5  for RedCap, and introduce new smaller value 0.25 for RedCap.”, then the spec modifications of scheme 2 are as follows:
· 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: The component  is no smaller than 1.5 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
…
–	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 0.25, 0.4, and 0.8 respectively.


…

–	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 0.25, 0.4, and 0.8 respectively.



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