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Introduction
[bookmark: _Hlk525462591]The work item on enhanced support of reduced capability NR devices was approved [1]. In RAN1#112bis-e, the following agreements were reached –
Agreement: 
Update the agreements for SI PDSCH with the clarification as follows:
· For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation). The scheduling of SIB1 PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· For UE BB bandwidth reduction, for broadcast OSI (PDSCH),
· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation). The scheduling of OSI PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

Agreement:
Down-select one among the following options in RAN1#113:
· Option 1:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 2:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 3:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· FFS: Whether legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 4:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).

Agreement:
The potential timeline relaxations for the following cases are FFS:
· For 2-step RACH:
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· For 4-step RACH:
· Case 4a: Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Case 4b: Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH

Agreement:
Confirm the following working assumption by assuming that Msg3 indication is available:
· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

Conclusion: 
For UE BB bandwidth reduction, for autonomous SI acquisition, the following paragraph in TS 38.214 clause 5.1 still applies:
· “The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition.”
· FFS: Msg4 PDSCH scheduled by TC-RNTI case
In this contribution, we further discuss RedCap UE complexity reduction.
UE Baseband Bandwidth Reduction
Random access timeline and early indication:
In RAN1#111, it was concluded that, for broadcast and unicast PDSCH, RAN1 does not assume that the UE post-FFT buffer size per slot is smaller than 20 MHz. Furthermore, it was agreed to allow the scheduling of paging channel and RAR to be larger than 5 MHz (as in legacy operation). However, for RAR,
· When the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot, the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied.
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
In RAN1#112, it was further agreed –
For the “FFS: value(s) of X”
· X = [0.5/0.25 or 1/0.5 or 2/1] ms for 15/30kHz SCS
· Note: Single Value pair for X is to selected for SCSs
In RAN1#111, it was agreed that the UE can process 25 PRBs per slot for 15 kHz SCS and 12 PRBs per slot for 30 kHz SCS. However, UE processing time may not linearly scale with the number of PRBs but more dependent other factors. In case the number of PRBs is greater the maximum number that the UE can process per slot, additional processing time is needed for – (1) channel estimation, (2) demodulation, and (3) LPDC decoding. 
For LDPC decoding, in the study item phase, Msg2 size was assumed to be 72 bits. This is the size per random access response. In practice, it may be rare for the gNB to have more than a few RARs to transmit at the same time. As a result, it may be sufficient to assume that LDPC decoding time will not really increase since Msg2 message size is expected to be modest.
For channel estimation, it can be estimated that a few symbols are needed for each additional 25/12 PRBs that the UE would need to process. A reasonable assumption could be that the UE would use 3 symbols to process each 5 MHz allocation, this would increase the processing time by 9 symbols at the most.
For demodulation, this should not change significantly based on the number of PRBs. A reasonable assumption could be that the UE would use 1 symbol to process each 5 MHz allocation, this would increase the processing time by 3 symbols at the most.
Furthermore, in the study item phase, Msg2 size was assumed to be 72 bits and typically 25/11 PRBs for 15/30 kHz SCS are sufficient to transmit this message. In the coverage evaluation [3], Msg2 generally has large coverage margin even when 3dB antenna efficiency loss is taken into account (e.g. ~8dB for urban scenario and ~4dB for rural scenario). The only case where coverage was problematic was Urban at 4 GHz, downlink PSD of 24dBm/MHz, and 3dB antenna efficiency loss where coverage of Msg2 was short by ~3dB. 
Taken together, it can be seen that processing time of 1 slot to process the additional PRBs is reasonable. As a result, it is proposed that X = 1/0.5 ms for 15/30 kHz SCS.
Observation 1: When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, reduced capability UE should be able to process up to 20 MHz PDSCH using 1 additional slot.
In [1], the WID has been revised to add support for additional separate early indication(s) for Rel-18 RedCap UEs. This can be done in Msg1 and/or Msg3. Since early indication in Msg3 may always be on by default (current RAN2 working assumption is to use two new LCID values to support Msg3 early identification for Rel-18 RedCap UE), early indication via Msg1 would only be beneficial for Msg2 and Msg3 transmissions. In general, if Msg1 early indication is supported, Rel-18 UE can be scheduled using different timeline than legacy UE. This maintains full scheduling flexibility by allowing the gNB to use separate or extended TDRA table for Rel-18 UE. This benefit, however, would be modest if the delay is only 1 slot or smaller, but may be substantial if delay of 2 slots is selected. 
An additional benefit of Msg1 early indication would be to allow for large data transmission in Msg3 (e.g. for SDT). This can be from either PRB (i.e. larger than 5 MHz) and TBS (i.e. larger than 10 Mbps) perspective. Therefore, having a separate early indication to differentiate R18 Redcap UEs from R17 Redcap UEs in Msg1 can be supported.
Furthermore, according to RAN#99 agreement [4], Rel-18 eRedCap UEs with or without UE BB bandwidth reduction should follow the same initial access procedure. Therefore, if Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by all Rel-18 RedCap capabilities.
Observation 2: Separate Msg1-based early indication can be beneficial even if random access timeline is extended by only 1 slot.
When Msg2 PDSCH allocation is larger than the maximum number of unicast PRBs that the UE can process per slot, processing time for the Rel-18 RedCap UE increases by X ms (which can be up to 2ms depending on the final agreed value). The network would have to configure pusch-TimeDomainAllocationList in PUSCH-ConfigCommon taking into account the additional delay. Two approaches are possible for the table. In the first approach, some entries in the table contain larger K2 values to account for the additional delay. These entries will be used when the RAR PDSCH exceeds the maximum number of PRBs. This reduces PUSCH scheduling flexibility for both legacy and Rel-18 RedCap UEs. For instance, using the default table as shown below, only 5 values for 15 kHz SCS and 8 values for 30 kHz SCS would be available for use if X = 1 slot and the RAR PDSCH allocation is larger than the maximum number of PRBs the UE can process in a slot. The second approach is to use larger K2 values for all entries to preserve PUSCH scheduling flexibility. However, this means that all legacy UEs would suffer additional delay when trying to access the network. If Msg1 early indication is supported, this additional delay can be avoided. In this case, a new pusch-TimeDomainAllocationList table specific to Rel-18 RedCap UE can be defined or the existing table can be used for Rel-18 RedCap UE by extending the K2 parameter by X ms.
Table 1. Default PUSCH time domain resource allocation A for normal CP.
	Row index
	PUSCH mapping type
	K2
	S
	L

	1
	Type A
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10


Therefore, we make the following proposals –
Proposal 1: For random access timeline and separate early indication, select the following option –
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· FFS: Whether legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).

Proposal 2: With separate Msg1-based early indication for Rel-18 RedCap UE, TDRA extension can be considered.

Furthermore, the potential timeline relaxations for the following cases are FFS –
· For 2-step RACH:
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· For 4-step RACH:
· Case 4a: Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Case 4b: Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH

For the 2-step RACH cases, the following behavior is described in 38.213 Section 8.2A –

	If the UE detects the DCI format 1_0, with CRC scrambled by the corresponding MsgB-RNTI and LSBs of a SFN field in the DCI format 1_0, if applicable, are same as corresponding LSBs of the SFN where the UE transmitted PRACH, and the UE receives a transport block in a corresponding PDSCH within the window, the UE passes the transport block to higher layers. The higher layers indicate to the physical layer
-	an uplink grant if the RAR message(s) is for fallbackRAR and a random access preamble identity (RAPID) associated with the PRACH transmission is identified, and the UE procedure continues as described in clauses 8.2, 8.3, and 8.4 when the UE detects a RAR UL grant, or
-	transmission of a PUCCH with HARQ-ACK information having ACK value if the RAR message(s) is for successRAR, where 
-	a PUCCH resource for the transmission of the PUCCH is indicated by PUCCH resource indicator field of 4 bits in the successRAR from a PUCCH resource set that is provided by pucch-ResourceCommon 
-	a slot for the PUCCH transmission is indicated by a HARQ Feedback Timing Indicator field of 3 bits in the successRAR having a value  from {1, 2, 3, 4, 5, 6, 7, 8} for , from {7, 8, 12, 16, 20, 24, 28, 32} for , and from {13, 16, 24, 32, 40, 48, 56, 64} for  and, with reference to slots for PUCCH transmission having duration , the slot is determined as , where  is a slot of the PDSCH reception,  is as defined for PUSCH transmission in Table 6.1.2.1.1-5 of [6, TS 38.214],  is the SCS configuration of the active UL BWP, and  is provided by CellSpecific_Koffset; otherwise, if not provided, 
-	the UE does not expect the first symbol of the PUCCH transmission to be after the last symbol of the PDSCH reception by a time smaller than  msec where  is the PDSCH processing time for UE processing capability 1 [6, TS 38.214]
-	for operation with shared spectrum channel access, a channel access type and CP extension [15, TS 37.213] for a PUCCH transmission is indicated by a ChannelAccess-CPext field in the successRAR as defined in Table 7.3.1.1.1-4 in [5, TS 38.212] or Table 7.3.1.1.1-4A in [5, TS 38.212] if channelAccessMode = "semiStatic" is provided
-	the PUCCH transmission is with a same spatial domain transmission filter and in a same active UL BWP as a last PUSCH transmission


In our view, MsgB should be treated like Msg2 as discussed later in this section. Therefore, the UE would need additional processing time if MsgB is larger than the maximum number of unicast PRBs that the UE can process per slot. The additional processing time can be the same as X in Msg2 discussion. Therefore, timeline relaxation may be needed for the two 2-step RACH cases considered above. 
Proposal 3: When the scheduling of MsgB PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, the timeline for the following cases is relaxed by 1/0.5 ms for 15/30 kHz SCS –
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK

For the 4-step RACH cases, the following behavior is described in 38.213 Section 8.2 –

	If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window, or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window and LSBs of a SFN field in the DCI format 1_0, if included and applicable, are not same as corresponding LSBs of the SFN where the UE transmitted PRACH, or if the UE does not correctly receive the transport block in the corresponding PDSCH within the window, or if the higher layers do not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can indicate to the physical layer to transmit a PRACH. If requested by higher layers, the UE shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception, where  is a time duration of  symbols corresponding to a PDSCH processing time for UE processing capability 1 assuming  corresponds to the smallest SCS configuration among the SCS configurations for the PDCCH carrying the DCI format 1_0, the corresponding PDSCH when additional PDSCH DM-RS is configured, and the corresponding PRACH. For , the UE assumes  [6, TS 38.214]. For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines  assuming SCS configuration .


Similarly, the timeline for the two 4-step RACH cases needs to be relaxed when RAR PDSCH is larger than than the maximum number of unicast PRBs that the UE can process per slot.  
Proposal 4: When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, the timeline for the following cases is relaxed by 1/0.5 ms for 15/30 kHz SCS –
· Case 4a: Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Case 4b: Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH
MsgA early indication in PRACH:
In RAN1#112bis, it was discussed whether, for 2-step RACH, a network-configurable additional early indication in MsgA PRACH should be supported. In our view, if early indication is mandatory for the PUSCH, it does not seem necessary to also support early indication in the PRACH of MsgA. Note that RAN2 has agreed as a working assumption that two new LCID values are to be used to support Msg3 early identification for Rel-18 RedCap UE. This would follow Rel-18 principle thus making early indication mandatory in Msg3 or MsgA PUSCH.
Observation 3: For 2-step RACH, if early indication is mandatory for the PUSCH (e.g. using LCID), then MsgA PRACH early indication is not necessary.
Simultaneous reception of two PDSCHs:
In RAN1#112, it was concluded that, for UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR. In RAN1#112bis-e, it was concluded that 38.214 clause 5.1 still applies for autonomous SI acquisition. That is, the UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition. However, there was an FFS for the case of Msg4 PDSCH scheduled by TC-RNTI. Nonetheless, this case is already covered by the conclusion that there is no need to relax the above requirement on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR –
	The UE in RRC_IDLE and RRC_INACTIVE modes shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.


In our view, we do not think we need to treat Msg4 PDSCH scheduled by TC-RNTI differently even though the UE may take longer time to decode Msg4 if the PDSCH resource allocation is larger than 25/12 PRBs.
Observation 4: UE shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI (including Msg4 PDSCH scheduled by TC-RNTI), with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.
For P-RNTI triggered SI acquisition, 38.214 specifies the following -
	On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI requires Capability 2 processing time according to clause 5.3 in which case the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI. 


Similar to the conclusion on reception of two broadcast PDSCHs, UE should support reception of one unicast and one broadcast PDSCHs as specified in 38.214. However, additional UE behavior may be needed in order to ensure that the timeline for unicast transmission can be met. In this case, unicast transmission can be prioritized. However, specification changes may not be necessary as UE is aware of the unicast timeline and should strive to meet this.

Proposal 5: There is no need to relax the requirement on simultaneous reception of unicast and broadcast PDSCHs for P-RNTI triggered SI acquisition. The UE can prioritize unicast reception but it’s FFS whether specification change is needed.

Msg4:

In the last meeting, RAN1 discused several options related to UE behavior when UE detects Msg4 DCI scheduling a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process. Three options were discussed –
· Option 1: The UE considers the contention resolution as not successful.
· Option 2: The UE discards the DCI and continues monitoring the DCI until ra-ContentionResolutionTimer expires.
· Option 3: The UE behavior is up to the UE implementation.

In our view, the concerned case is similar to the case where the PDCCH is received but MAC PDU decoding is failed, and the existing RAN2 specification already specified this case. No further optimization is needed. Therefore, no RAN2 specification change is required and there is no need to define UE behavior.

MsgB:

In RAN1#112bis-e, the following working assumption was confirmed –
· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
For two-step RACH, MsgB should be considered a broadcast message as it may contain information for multiple UEs as shown in the figure below. 


Figure 1. Example of a MSGB MAC PDU with MAC SDU(s) from 38.321.
Furthermore, MsgB RNTI is associated with the PRACH occasion and therefore both Rel-18 and legacy UEs may be monitoring the same MsgB RNTI. As a result, it is proposed that the UE is able to receive a MsgB PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot. Furthermore, the UE should be able to process MsgB PDSCH that is larger than 25/12 PRBs, similar to PDSCH broadcast messages.
Proposal 6: For UE BB complexity reduction, 
· UE is able to receive a MsgB PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The scheduling of MsgB is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
UE peak data rate reduction
From 38.306, the peak data rate is determined via –

For RedCap UE, the number of component carrier is 1 and the constraint is given by . Furthermore, in [1], the target peak data rate was given as 10 Mbps. In RAN1#110bis-e, the following agreement was made –
· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint  is relaxed to .
· FFS: the value of X 
· If UE peak data rate reduction is supported as a standalone feature,
· The constraint  is relaxed to .
· FFS: the value of Y
· Note: Whether this option is supported will be decided in RAN plenary.
In RAN#99, standalone UE peak data rate support was endorsed [4]. Thus, two Rel-18 UE types or capabilities can be defined – 20MHz + PR1 and BW3/PR3 + PR1. It was noted that the peak data rate of the two UE types is expected to be the same including unicast and broadcast respectively.
BW3/PR3 + PR1:
For peak data rate reduction as an add-on to UE BB bandwidth reduction, it was agreed in RAN1#112 to down-select between X = 3 and X = 3.2. Table 2 below shows the difference in data rates between the two X values. As expected, the peak data rates for X = 3.2 is 6.7% higher than for X=3.
[bookmark: _Ref131421394]Table 2. Peak data rates for UE with baseband bandwidth reduction to 5 MHz – FDD.
	
	
	

	
	15 kHz SCS (25 PRBs)
	30 kHz SCS (12 PRBs)
	15 kHz SCS (25 PRBs)
	30 kHz SCS (12 PRBs)

	Downlink
	10.0 Mbps
	9.6 Mbps
	10.7 Mbps
	10.3 Mbps

	Uplink
	10.7 Mbps
	10.3 Mbps
	11.4 Mbps
	11.0 Mbps


Our preference is to select X = 3.2 as this value satisfies the 10 Mbps peak data rates for both DL/UL and 15/30 kHz SCS. Furthermore, from UE and system spectral efficiency perspective, 3.2 is better than 3.0 since UE can support slightly higher peak data rates. Table 3 illustrates the difference in overall UE complexity between the two values. It can be seen that the overall complexity difference is marginal (less than 0.1% difference). Therefore, we propose to select X = 3.2. This can be achieved, for example, using the scaling factor f of 0.8 and Qm = 4.
Proposal 7: For UE peak data rate reduction as an add-on to UE BB bandwidth reduction, select X=3.2.
[bookmark: _Ref131421411]Table 3. BW3 + PR1 complexity comparison – FDD, 1Rx.
	BW3 + PR1
	Rel-15 ref
	X = 4
	X = 3.2
	X = 3

	RF: Power amplifier 
	25%
	24.09%
	24.09%
	24.09%

	RF: Filters
	10%
	5.06%
	5.06%
	5.06%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45%
	23.76%
	23.76%
	23.76%

	RF: Duplexer / Switch
	20%
	19.52%
	19.52%
	19.52%

	RF: Total
	100%
	72.43%
	72.43%
	72.43%

	BB: ADC / DAC
	10%
	1.27%
	1.27%
	1.27%

	BB: FFT/IFFT
	4%
	0.65%
	0.65%
	0.65%

	BB: Post-FFT data buffering
	10%
	0.67%
	0.67%
	0.67%

	BB: Receiver processing block
	24%
	2.07%
	2.07%
	2.07%

	BB: LDPC decoding
	10%
	0.51%
	0.41%
	0.39%

	BB: HARQ buffer
	14%
	0.45%
	0.36%
	0.33%

	BB: DL control processing & decoder
	5%
	4.52%
	4.52%
	4.52%

	BB: Synchronization / cell search block
	9%
	4.58%
	4.58%
	4.58%

	BB: UL processing block
	5%
	1.69%
	1.35%
	1.27%

	BB: MIMO specific processing blocks
	9%
	3.91%
	3.91%
	3.91%

	BB: Total
	100%
	20.31%
	19.78%
	19.64%

	RF+BB: Total (with RF:BB cost split 40:60)
	100%
	41.15%
	40.84%
	40.76%


20MHz + PR1:
For standalone peak rate reduction, the requirement is to achieve approximately the same peak data rates as shown in Table 2 for X = 3.2. In this case, we can scale the value X by the number of PRBs (i.e. by 25/106 for 15 kHz and 12/51 for 30 kHz). This corresponds to Y = 0.75 for both 15 kHz and 30 kHz SCS. As a result, it is proposed to select Y = 0.75. This can be achieved using the scaling factor f of 0.75 and Qm = 1.
Proposal 8: For standalone UE peak data rate reduction, select Y=0.75 assuming 20 MHz bandwidth in the 38.306 peak rate expression.
Furthermore, Rel-18 RedCap UE can support optional MIMO and 256QAM capabilities as specified in the WID [1]. Rel-18 RedCap UE supporting optional MIMO and 256QAM capabilities should have higher data rates (same as for Rel-17 RedCap) as anyway these UEs are considered higher capability.
Proposal 9: UE supporting optional 2-layer MIMO and/or 256-QAM capability can support higher downlink peak data rate than 10 Mbps.
Finally, with the agreement to introduce stand-alone peak rate reduction without bandwidth reduction, we propose that both UE capabilities have approximately the same peak data rates as agreed in RAN#99 [4].
Proposal 10: Rel-18 RedCap UE with and without bandwidth reduction (i.e. 20MHz + PR1 and BW3/PR3 + PR1) have approximately the same peak data rates.
With the above proposal, Table 4 shows the peak data rates for Rel-17 and Rel-18 RedCap UEs based on their capabilities. It can be seen that the downlink peak data rates for Rel-17 RedCap UE varies from 85-227 Mbps, while the downlink peak data rates for Rel-18 RedCap UE varies from 10.7-30 Mbps. This provides clear differentiation between the two UE types while still following the NR principle that UE supporting advanced capabilities can have higher peak data rates.
[bookmark: _Ref134452224]Table 4. Approximate RedCap peak data rates, FR1, FDD, 15 kHz SCS.
	
	Rel-18 RedCap 
( BW3/PR3 + PR1) 
	Rel-18 RedCap 
(20MHZ + PR1)
	Rel-17 RedCap

	1Tx-1Rx, 64-QAM DL
	10.7 Mbps
= 1, = 4,  = 0.8
	10.6 Mbps
= 1, = 1,  = 0.75
	85 Mbps 

	1Tx-1Rx, 256-QAM DL
	15.0 Mbps
= 1, = 6,  = 0.75
	14.2 Mbps
= 1, = 1,  = 1
	113 Mbps 

	1Tx-2Rx, 64-QAM DL
	21.4 Mbps
= 2, = 4,  = 0.8
	21.3 Mbps
= 2, = 1,  = 0.75
	170 Mbps 

	1Tx-2Rx, 256-QAM DL
	30.0 Mbps 
= 2, = 6,  = 0.75
	28.3 Mbps 
= 2, = 1,  = 1
	227 Mbps


Table 4 also illustrates the signaling of , , and  parameters to achieve the peak downlink data rates. It can be seen that existing values can be used without having to define new ones.
UE Capability
In RAN#99, two Rel-18 RedCap UE capabilities were agreed - 20MHz + PR1 and BW3/PR3 + PR1 [4]. Furthermore, it was noted that the initial access procedure of Rel-18 RedCap UE capable of 20MHz + PR1 should be the same as that of Rel-18 RedCap UE capable of BW3/PR3 + PR1. In our understanding, both of these UEs are considered Rel-18 RedCap UE as the WID specifies that only a single definition for a Rel-18 RedCap UE is to be defined. Differentiation of the two different UE capabilities would then only be known after Msg5.
The existing UE capability framework is used, and changes to capability signaling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified. The most obvious change needed, is a new UE capability parameter (e.g. supportOfRedCap-r18), that indicates to the network both the baseband BW restriction for PDSCH and PUSCH and the peak rate reduction.  Note, that for this new capability, we believe that the  reduced peak data rate is a mandatory feature, to avoid market fragmentation and simplify network support.
Proposal 11: A new UE capability parameter is defined for Release 18 RedCap UEs that has at least the following functional components:
-	Maximum FR1 R18 RedCap UE RF bandwidth is 20 MHz
-  Peak data rate of 10 Mbps is supported
-	Support of shared RedCap early indication based on Msg1, MsgA and Msg3 for random access
-  Support of R18 specific Redcap early indication based on [Msg1,] MsgA and Msg3 for random access
-	UE-specific RRC configured UL BWP per carrier
-	UE-specific RRC configured DL BWP per carrier
A Rel-18 RedCap UE shall set the field to supported.
Other Issues
FDRA optimization:
FDRA optimization has been proposed for UE with baseband bandwidth reduction. Several schemes have been considered e.g. using 5 MHz sub-band, only PUSCH, for large RBG size, etc. The number of bits that can be saved varies but generally it is around 2-6 bits for DCI format 1_1, which is small considering size of around 40 bits + CRC. Note that for DCI 0_0 and 1_0, we do not think FDRA saving is possible as the DCI size is based on CORESET#0. In our view, the benefit from DCI overhead saving is small compared to the loss of scheduling flexibility and/or the specification impact. Furthermore, since there is no change in the PDCCH, reducing DCI size is not really needed from coverage perspective. Therefore, in our view, there is no need to support FDRA optimization.
Additional separate initial DL/UL BWP:
In RAN1#112, it was concluded that there is no consensus to continue discussion on whether additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is allowed to be configured by the SIB in the cell. However, during RAN1#112 discussion, there was a proposal to send an LS to RAN2 capturing the below points –
· RAN1 has identified a scenario where Rel-17 RedCap UEs and non-RedCap UEs share the legacy initial BWP but a separate initial BWP specific to Rel-18 RedCap UEs is configured and early indication in Msg1 is used only for Rel-18 RedCap UEs.
· RAN1 would like to ask RAN2 for their input on the feasibility of supporting the above scenario from RAN2 perspective.
In our view, it does not seem to make sense that, for a cell supporting Rel-17 and Rel-18 RedCap UEs, the separate initial BWP can be configured only for Rel-18 RedCap UEs. This means that the Rel-17 RedCap UEs would share the initial BWP with non-RedCap UEs (i.e. initial BWP is within 20 MHz). This is especially so given that Rel-18 RedCap UE can also receive broadcast channels up to 20 MHz. In addition, early indication for Rel-18 RedCap UE is supported at least in Msg3, and possibly in Msg1 as well. This allows the network to identify Rel-18 RedCap UE during random access procedure and treat it accordingly. Furthermore, Rel-18 RedCap UE may also have the same RF and baseband capability as Rel-17 RedCap UE as RAN has agreed to also support standalone peak rate reduction (i.e. without baseband bandwidth reduction). Therefore, the above deployment scenario appears unlikely.
Furthermore, in RAN2#121bis, it has been agreed –
· From RAN2 perspective, there is no need to introduce eRedCap UE specific initial BWP configuration (i.e. no R18 new field and at most one specific initial UL/DL BWP can be configured).
· If the R17 RedCap specific initial BWP is configured, eRedCap UEs always use it as its specific initial BWP (assuming no eRedCap UE specific initial BWP configuration field introduced).
Therefore, there is no need to further discuss additional separate initial DL/UL BWP for Rel-18 RedCap UE.
SRS bandwidth:
In RAN1#112, the issue of SRS bandwidth was also discussed. It was proposed that SRS can be limited to 5 MHz. However, this is not preferred since –
· The UE can be scheduled anywhere in the BWP up to 20 MHz. Therefore, SRS should not be limited to 5 MHz as then the gNB cannot get channel information beyond the 5 MHz SRS allocation. This would then limit scheduling flexibility at the gNB.
· For positioning support, SRS transmission up to 20 MHz would be preferred.
Furthermore, this is not an objective in the WID and we don’t expect meaningful complexity reduction from confining the SRS to 5 MHz. Therefore, there is no need to consider or support SRS bandwidth restriction.
Support for 60 kHz SCS:
In RAN1#112bis-e, the issue of supporting 60 kHz SCS was raised. In the study item phase, SCS of 60 kHz was not considered due to the fact that the SSB will extend beyond 5 MHz bandwidth. However, with the selection of BW3/PR3 together with allowing the broadcast channel to extend beyond 5 MHz, it seems that 60 kHz SCS can be easily supported. From RAN1 perspective, this would require the maximum number of PRBs to be agreed. Since RAN1 adopted 12 PRBs for 30 kHz SCS, it seems natural to select 6 PRBs at the maximum number of PDSCH/PUSCH PRBs that can be allocated for 60 kHz SCS. In addition, Msg2-Msg3 timeline would need to be relaxed when the RAR PDSCH is beyond the maximum number of PRBs that the UE can process per slot. This value can be half the agreed value for 30 kHz SCS.
PDSCH optimization:
After UE receives a PDCCH, decoding of the received PDCCH is performed by UE. During that time delay for decoding, the UE should receive the potential PDSCH. To this end, UE buffers potential PDSCH resources that could include any data. The BW of potential PDSCH is overall BW of the DL BWP. This is due to the fact that the BWs scheduled with PDSCH and PDCCH are typically identical for NR UE. Considering such an assumption of potential PDSCH reception, Rel-18 RedCap UE should receive and buffer potential PDSCH over 20 MHz even when an actually scheduled PDSCH occupies 5 MHz. One of the potential solutions may be to introduce a specific frequency location for potential PDSCH so that the UE just needs to receive and buffer only 5MHz. Then the less power consumption is required for UE. Therefore it can be beneficial to enable UE to buffer none or a partial BW for potential PDSCH within the activated BWP depending on the UE capabilities or circumstances such as other channel scheduling.
Conclusions
In this contribution, we consider further reduced capability NR devices and make the following observations and proposals –
Observation 1: When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, reduced capability UE should be able to process up to 20 MHz PDSCH using 1 additional slot.
Observation 2: Separate Msg1-based early indication can be beneficial even if random access timeline is extended by only 1 slot.
Proposal 1: For random access timeline and separate early indication, select the following option –
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· FFS: Whether legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).

Proposal 2: With separate Msg1-based early indication for Rel-18 RedCap UE, TDRA extension can be considered.

Proposal 3: When the scheduling of MsgB PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, the timeline for the following cases is relaxed by 1/0.5 ms for 15/30 kHz SCS –
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK

Proposal 4: When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, the timeline for the following cases is relaxed by 1/0.5 ms for 15/30 kHz SCS –
· Case 4a: Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Case 4b: Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH

Observation 3: For 2-step RACH, if early indication is mandatory for the PUSCH (e.g. using LCID), then MsgA PRACH early indication is not necessary.
Proposal 5: There is no need to relax the requirement on simultaneous reception of unicast and broadcast PDSCHs for P-RNTI triggered SI acquisition. The UE can prioritize unicast reception but it’s FFS whether specification change is needed.
Proposal 6: For UE BB complexity reduction, 
· UE is able to receive a MsgB PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The scheduling of MsgB is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

Proposal 7: For UE peak data rate reduction as an add-on to UE BB bandwidth reduction, select X=3.2.
Proposal 8: For standalone UE peak data rate reduction, select Y=0.75 assuming 20 MHz bandwidth in the 38.306 peak rate expression.
Proposal 9: UE supporting optional 2-layer MIMO and/or 256-QAM capability can support higher downlink peak data rate than 10 Mbps.
Proposal 10: Rel-18 RedCap UE with and without bandwidth reduction (i.e. 20MHz + PR1 and BW3/PR3 + PR1) have approximately the same peak data rates.
Proposal 11: A new UE capability parameter is defined for Release 18 RedCap UEs that has at least the following functional components:
-	Maximum FR1 R18 RedCap UE RF bandwidth is 20 MHz
-  Peak data rate of 10 Mbps is supported
-	Support of shared RedCap early indication based on Msg1, MsgA and Msg3 for random access
-  Support of R18 specific Redcap early indication based on [Msg1,] MsgA and Msg3 for random access
-	UE-specific RRC configured UL BWP per carrier
-	UE-specific RRC configured DL BWP per carrier
A Rel-18 RedCap UE shall set the field to supported.
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