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1	Introduction
[bookmark: _Toc67770514]In this contribution, we discuss aspects related to the Rel-17 RedCap WI objectives on reduced maximum number of DL MIMO layers and relaxed maximum modulation order [1]. We also discuss L2 buffer size reduction for RedCap based on the LS from RAN2 [2]. 
2	Reduced maximum number of DL MIMO layers and relaxed maximum modulation order  
[bookmark: _Hlk65144506]According to [1], the objective on reduced maximum number of DL MIMO layers is as follows:
	· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.



For RAN1#106-e, the FL summaries on aspects related to reduced maximum number of DL MIMO layers and relaxed maximum modulation order are copied below [3]:
	Summary of views:
Based on feedback above, it can be concluded that at this point there is no specific issue related to max # of DL MIMO layers for discussion within this agenda. Some of the aspects are for RAN2 while some others, relevant to RAN1, are already under discussion in AI 8.6.1.2.



	Summary of views:
Based on feedback above, it seems companies are in general agreement that the support of optional features for RedCap UEs would be discussed as part of UE feature discussions for RedCap.



In our view, there are no critical open issues remaining in RAN1 for the objectives on reduced maximum number of DL MIMO layers and relaxed maximum modulation order. It is also our view that minor optimizations with unclear benefits should not be considered further in the Re-17 RedCap WI. 
[bookmark: _Toc84031239]There are no critical open issues remaining in RAN1 for the objectives on reduced maximum number of DL MIMO layers and relaxed maximum modulation order.
[bookmark: _Toc84031280]No further optimizations related to reduced maximum number of DL MIMO layers and relaxed maximum modulation order are considered in RAN1 in the Rel-17 RedCap WI.
3	L2 buffer size reduction
RAN2 has sent an LS to RAN1 during RAN2#115-e, wherein the action for RAN1 is to discuss L2 buffer size reduction and provide feedback to RAN2 [2]. 
	2	Actions
To RAN1 group:
ACTION: 	RAN2 respectfully ask RAN1 to discuss L2 buffer size reduction and provide feedback to RAN2. 



The total L2 buffer size for DL/UL 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 [4]. The required total layer 2 buffer size for RedCap can be calculated based on the following formula:
MaxDLDataRate * RLC RTT + MaxULDataRate * RLC RTT
where, MaxDLDataRate and MaxULDataRate denote the maximum data rate in DL and UL, respectively, and RLC RTT for NR cell group corresponds to the RLC round-trip time for the smallest SCS numerology supported in the band combination and the applicable Feature Set combination and is defined in Table 4.1.4-1 of [4]. Note that the additional L2 buffer required for preprocessing of data is not taken into account in the formula above. 
In the formula above, it can also be seen that the L2 buffer size depends on the maximum data rate supported by the UE in DL and UL, and hence, the L2 buffer size can be reduced if the maximum data rate supported by the UE is reduced. During RAN2#115-e, RAN2 has discussed the following solutions for the reduction of maximum data rate (or, equivalently, the L2 buffer size) [5]. 
	Proposal: 
L2 buffer size reduction is supported for Rel-17 RedCap, down-selection from the following solutions:
Solution 1: Reuse the current scaling factor in TS 38.306 for RedCap, relaxation/removal of  the current constraint, FFS smaller value(s).
For small value(s) to new relaxation/removal constraint, no impact for receiving SIB and paging should be guaranteed. 
Solution 2: Introduce a new scaling factor (New IE) for RedCap to scale down the total L2 buffer size of RedCap UEs.
For the new scaling factor, no impact for receiving SIB and paging should be guaranteed.
Other solutions are not precluded.



However, none of the solutions above were agreed in RAN2. Therefore, RAN1 was tasked by RAN2 to discuss the L2 buffer size reduction and to provide feedback. In what follows, we first discuss the background related to “scaling factor” and “constraint”, and then discuss our preferred solution. It is worth noting that the main motivation for the reduction of L2 buffer size requirements is reduction of memory cost for RedCap UEs, and consequently expansion into the market for use cases with relatively low data rate requirements, e.g., industrial wireless sensor network (IWSN) use cases.
[bookmark: _Toc84031240]RAN2 has sent an LS to RAN1 during RAN2#115-e, wherein the action for RAN1 is to discuss L2 buffer size reduction and provide feedback to RAN2.
[bookmark: _Toc84031241]Reduction of L2 buffer size requirements will help to reduce memory cost for RedCap UEs.
[bookmark: _Toc84031242]The L2 buffer size depends on the maximum data rate supported by the UE in DL and UL, and thus, the L2 buffer size can be reduced if the maximum data rate supported by the UE is reduced.
3.1	Scaling Factor and maximum supported modulation order
The peak rate scaling factor, given by the higher layer parameter scalingFactor, is applied to scale down the maximum data rate supported by the UE, which is calculated using the equation in Clause 4.1.2 of TS 38.306 [4]. In the current specification, the scaling factor can take the values 1, 0.8, 0.75, and 0.4, and it is reported per feature set (per band per band combination). The relevant text from TS 38.306 is copied below for reference. For an NR SA UE, the scaling factor is used to reflect the potential mismatch between its RF and baseband processing capabilities [6]. 
	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.
	[…]
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 .



In addition to the peak rate scaling factor, an NR UE can also indicate its maximum data rate capability using the maximum supported modulation order, given by the higher layer parameter supportedModulationOrderDL for DL and the higher layer parameter supportedModulationOrderUL for UL. The maximum supported modulation order can take the values 1, 2, 4, 6, and 8, corresponding to pi/2-BPSK/BPSK, QPSK, 16QAM, 64QAM, and 256QAM, respectively. Note that the maximum supported modulation order concerns only the modulation order assumed in the maximum data rate calculations. The network may still use a modulation order higher than the value indicated by this field while scheduling the UE (cf. the definition of the parameter supportedModulationOrderDL copied below [4]).

	[bookmark: _Hlk83803529]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
	N/A
	N/A



Therefore, when we combine the two capabilities—scaling factor and maximum supported modulation order— the maximum data rate can be scaled down substantially already if the UE indicates low values for these capabilities [7]. For example, if the UE indicates a scaling factor of 0.4 and a maximum supported modulation order of BPSK, the data rate can be scaled down to 7% of the actual per-carrier maximum data rate.  Therefore, we do not see a need to introduce new scaling factor values to scale down the maximum data rate/total L2 buffer size for RedCap UEs, as proposed in Solution 2 (cf. RAN2 proposal in the beginning of this section). 
The approach in Solution 1, on the other hand, is to reuse the scaling factor values in TS 38.306 for RedCap UEs and to relax/remove the current constraint on the scaling factor and the maximum supported modulation order that can be indicated by the UEs. More specifically, the current constraint is that the component , i.e., the product of the maximum number of supported MIMO layers, the maximum supported modulation order and the scaling factor, should be no smaller than 4 for NR SA single carrier operation (see text from TS 38.306 copied above). In our view, relaxation of this constraint is a clean and straightforward way to lower maximum data rate and L2 buffer size requirements for RedCap UEs. Furthermore, there would not be any additional RAN1 and RAN2 impact, besides adding some clarification in Clause 4.1.2 of TS 38.306. Therefore, Solution 2 is our preferred approach for L2 buffer size reduction for RedCap UEs. This solution is discussed further in the next sub-section.
[bookmark: _Toc84031243]The peak rate scaling factor (scalingFactor) is applied to scale down the maximum data rate supported by the UE, to reflect the potential mismatch between its RF and baseband processing capabilities.
[bookmark: _Toc84031244]In addition to the scaling factor, an NR UE can also indicate its maximum data rate capability using the parameter for maximum supported modulation order (supportedModulationOrderDL and supportedModulationOrderUL). This parameter concerns only the modulation order assumed in the maximum data rate calculations. The network may still use a modulation order higher than the value indicated by this field while scheduling the UE.
[bookmark: _Toc84031245]The maximum data rate can be scaled down substantially already if the UE indicates low values for the scaling factor and the maximum supported modulation order.
[bookmark: _Toc84031246]There is a “constraint” in TS 38.306 that the component , i.e., the product of the maximum number of supported MIMO layers, the maximum supported modulation order and the scaling factor, should be no smaller than 4 for NR SA single carrier operation.
[bookmark: _Toc84031247]Relaxation of the constraint in TS 38.306 is a clean and straightforward way to lower maximum data rate and L2 buffer size requirements for RedCap UEs.
3.2	Relaxation/removal of the constraint
If a RedCap UE that supports max 20 MHz BW, 30 kHz SCS, max 1 MIMO layer and max 64QAM indicates the lowest values for the scaling factor, i.e., 0.4, and the maximum supported modulation order, i.e., BPSK, the maximum data rate supported by the UE will be:
· ~ 55 Mbps with the current constraint
· ~ 5.5 Mbps with removal of the constraint

The maximum data rate of ~ 5.5 Mbps is sufficient for many RedCap use cases, in particular, the IWSN use cases. Therefore, it may seem reasonable to remove the constraint for RedCap UEs. However, it should be considered that the maximum TBS that the UE is able to handle will also be restricted. For example, the TBS for the case above with no constraint will be ~ 2700 bits, which is less than the maximum SIB1 and SI message (carrying SIBs other than SIB1) size of 2976 bits [8]. Thus, the transmission of SIB messages, which are broadcasted jointly for RedCap and non-RedCap UEs may be impacted. Therefore, it may not be feasible to completely remove the constraint for the RedCap UEs. There is, however, potential for relaxation of the constraint without impacting the messages transmitted before RedCap UEs are identified by the network in Msg1/Msg3. To this end, the maximum data rate in DL/UL and the corresponding TBS (in a slot) for different degrees of relaxation of the constraint are listed in Table 1 and Table 2 below.
[bookmark: _Ref83293862]Table 1: Maximum data rate and TBS for different constraints for RedCap UEs operating in FR1 TDD bands (20 MHz, 30 kHz SCS)
	
	Maximum data rate in DL/UL [Mbps]
	~ TBS in DL/UL [bits]

	4 (current constraint)
	54.6/58.4
	27280/29184

	3
	40.9/43.8
	20464/21888

	2
	27.3/29.1
	13640/14592

	1.5
	20.5/21.9
	10232/10944

	1
	13.6/14.6
	6816/7296	

	0.4 (no constraint)
	5.5/5.8
	2728/2912



[bookmark: _Ref83293870]Table 2: Maximum data rate and TBS for different constraints for RedCap UEs operating in FR1 FDD bands (20 MHz, 15 kHz SCS)
	
	Maximum data rate in DL/UL [Mbps]
	~ TBS in DL/UL [bits]

	4 (current constraint)
	56.7/60.7
	56712/60664

	3
	42.5/45.5
	42528/45496

	2
	28.4/30.3
	28352/30328

	1.5
	21.3/22.8
	21264/22744

	1
	14.2/15.2
	14176/15160	

	0.4 (no constraint)
	5.7/6.1
	5664/6064



From RAN1 perspective, the maximum TBS for messages transmitted during initial access/RRC_IDLE are as follows:
· For SIB1 and SI messages, scheduled with SI-RNTI, the UE is not expected to receive a PDSCH with a TBS exceeding 2976 bits [8], [9].
· For paging and Msg2, scheduled with P-RNTI and RA-RNTI, respectively, the UE is not expected to decode a PDSCH with modulation order greater than QPSK [9]. Therefore, the TBS for these messages that can fit in the CORESET#0 bandwidth (48/96 PRBs) can be up to 9224/18432 bits for 30/15 kHz SCS (assuming 1+1 DMRS and no FDM).
· For Msg3 (including RA-SDT) and MsgA PUSCH, the UE is scheduled only with the first 16 indices of the MCS table (Table 5.1.3.1-1 in TS 38.214 for UL OFDM and Table 6.1.4.1-1 in TS 38.214 for UL with transform precoding) [9]. Therefore, the maximum TBS for messages that can fit in the maximum RedCap UE bandwidth can be up to ~ 17424/36896 bits for 30/15 kHz SCS (assuming 1+1 DMRS and no FDM). 

It is, however, important to note that in most scenarios the TBS for these messages is likely to be much smaller than what has been listed above. For Msg4 (RRCSetup/RRCResume), there is no explicit restriction on MCS/TBS in the specification. However, the MCS/TBS for Msg4 is not expected to be very large considering that there is no full-fledged link adaptation available when Msg4 is transmitted. Moreover, in addition to the configurable Msg1 indication, it has been agreed in RAN2 during RAN2#115-e that Msg3 indication based on dedicated LCID is supported for RedCap UEs [11]. Therefore, the gNB can schedule Msg4 in accordance with the baseline maximum data rate capability of the Redcap UEs. It is also worth pointing out that the conditions related to data rate specified in Clause 5.1.3 of TS 38.214 should also be satisfied by RedCap UEs. 
[bookmark: _Toc84031248]It may not be feasible to completely remove the constraint for the RedCap UEs as it may impact the transmission of messages transmitted before RedCap UEs are identified by the network in Msg1/Msg3.
[bookmark: _Toc84031249]The constraint can be relaxed for RedCap UEs without impacting messages transmitted before RedCap UE identification.
[bookmark: _Toc79162848]Based on the above considerations, we propose the following:
[bookmark: _Toc84031281]Capture in RAN1’s reply to RAN2 LS in R2-2109198 that L2 buffer size reduction via relaxation of the current constraint on  is supported for RedCap UEs in Rel-17. 
0. [bookmark: _Toc84031282]The component  is no smaller than [1, or 1.5, or 2] in FR1.
0. [bookmark: _Toc84031283]The current scaling factor values in TS 38.306 are reused.
Further considerations on the relaxation of the constraint may be needed when the maximum channel bandwidth on one carrier of a band is less than 20 MHz.
[bookmark: _Toc68636458][bookmark: _Toc67669165][bookmark: _Toc67770532][bookmark: _Toc67669166][bookmark: _Toc67669167]5	Conclusion
In the previous sections, we made the following observations: 
Observation 1	There are no critical open issues remaining in RAN1 for the objectives on reduced maximum number of DL MIMO layers and relaxed maximum modulation order.
Observation 2	RAN2 has sent an LS to RAN1 during RAN2#115-e, wherein the action for RAN1 is to discuss L2 buffer size reduction and provide feedback to RAN2.
Observation 3	Reduction of L2 buffer size requirements will help to reduce memory cost for RedCap UEs.
Observation 4	The L2 buffer size depends on the maximum data rate supported by the UE in DL and UL, and thus, the L2 buffer size can be reduced if the maximum data rate supported by the UE is reduced.
Observation 5	The peak rate scaling factor (scalingFactor) is applied to scale down the maximum data rate supported by the UE, to reflect the potential mismatch between its RF and baseband processing capabilities.
Observation 6	In addition to the scaling factor, an NR UE can also indicate its maximum data rate capability using the parameter for maximum supported modulation order (supportedModulationOrderDL and supportedModulationOrderUL). This parameter concerns only the modulation order assumed in the maximum data rate calculations. The network may still use a modulation order higher than the value indicated by this field while scheduling the UE.
Observation 7	The maximum data rate can be scaled down substantially already if the UE indicates low values for the scaling factor and the maximum supported modulation order.
Observation 8	There is a “constraint” in TS 38.306 that the component , i.e., the product of the maximum number of supported MIMO layers, the maximum supported modulation order and the scaling factor, should be no smaller than 4 for NR SA single carrier operation.
Observation 9	Relaxation of the constraint in TS 38.306 is a clean and straightforward way to lower maximum data rate and L2 buffer size requirements for RedCap UEs.
Observation 10	It may not be feasible to completely remove the constraint for the RedCap UEs as it may impact the transmission of messages transmitted before RedCap UEs are identified by the network in Msg1/Msg3.
Observation 11	The constraint can be relaxed for RedCap UEs without impacting messages transmitted before RedCap UE identification.
Based on the discussion in the previous sections, we propose the following:
Proposal 1	No further optimizations related to reduced maximum number of DL MIMO layers and relaxed maximum modulation order are considered in RAN1 in the Rel-17 RedCap WI.
Proposal 2	Capture in RAN1’s reply to RAN2 LS in R2-2109198 that L2 buffer size reduction via relaxation of the current constraint on  is supported for RedCap UEs in Rel-17.
· The component  is no smaller than [1, or 1.5, or 2] in FR1.
· The current scaling factor values in TS 38.306 are reused.
[bookmark: _In-sequence_SDU_delivery]
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