[bookmark: _Hlk772559][bookmark: _Hlk4135959][bookmark: _Hlk525462634][bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]3GPP TSG RAN WG1 Meeting #111	R1-2211759
Toulouse, France, November 14th – 18th, 2022

Agenda item:		9.6.1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell
Title:	RedCap UE Complexity Reduction
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk525462591]The work item on enhanced support of reduced capability NR devices was approved [1]. In RAN1#110bis-e, the following agreements were reached –
Agreement
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,
· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.
· FFS: whether to support an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs

Agreement
For UE BB bandwidth reduction, for SIB1 (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of SIB1 to be within 5 MHz
· Option 2: Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous

Agreement
For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
For UE BB bandwidth reduction, for PDSCH (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can [receive/process]:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
Same option will be selected for both PDSCH (at least for unicast) and PUSCH

Agreement
For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous

Agreement
For UE BB bandwidth reduction, for broadcast OSI (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of OSI PDSCH to be within 5 MHz
· Option 2: Allow the scheduling of OSI PDSCH to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous

Agreement
· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.
· FFS: the value of X 
· If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ Y.
· FFS: the value of Y
· Note: Whether this option is supported will be decided in RAN plenary.

Agreement
Replace the agreement on the maximum number of PRBs supported by UE with the following:
For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
 
For UE BB bandwidth reduction, for PDSCH (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
 
Same option will be selected for both PDSCH (at least for unicast) and PUSCH.
 
Agreement
Replace the agreement on SIB1(PDSCH) for UE BB bandwidth reduction with the following:
For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· FFS: UE post-FFT buffering “assumption”

Agreement
For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a DCI with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

Agreement
Replace the agreement on broadcast OSI (PDSCH) for UE BB bandwidth reduction with the following:
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)
 
Agreement
· For UE BB bandwidth reduction, a UE is not expected to be configured with a CG grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
· For UE BB bandwidth reduction, it is FFS whether a UE can be expected to receive an UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

In this contribution, we further discuss RedCap UE complexity reduction.
UE Baseband Bandwidth Reduction
The objective on further reducing UE complexity in [1] includes reducing the UE baseband bandwidth in FR1. For this complexity reduction, the data channel bandwidth (PDSCH and PUSCH) is limited to 5 MHz in the baseband  while keeping the RF at 20 MHz. All the other channels and signals (e.g. SSB, PDCCH, CSI-RS, DL PRS, PRACH, PUCCH, SRS) can still use 20 MHz RF + BB. Since only the PDSCH and PUSCH are limited in the baseband, Rel-18 RedCap UE can support the same BWP framework and operations as Rel-17 RedCap UE. The only limitation would be that the gNB would have to restrict the PDSCH and PUSCH allocation to the baseband limitation. 
BWP Operation:
In RAN1#110bis-e, it was agreed that the Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs. However, it was FFS whether an additional separate initial DL/UL BWP specific to Rel-18 RedCap UE can be supported. In our view, there is no need to have a separate initial/active BWP for Rel-18 RedCap UE. Specifically, it has been agreed that SIB1 and OSI can be shared between Rel-18 RedCap and legacy UEs. In addition, the initial access procedure (Msg1 – Msg5) can be performed on the shared initial DL/UL BWP. Furthermore, the initial DL/UL BWP is not expected to be heavily congested as UEs can be offloaded after Msg5 so load-balancing between Rel-17 and Rel-18 RedCap UEs is not expected to be necessary. However, supporting separate initial DL/UL BWP specific to Rel-18 RedCap UEs will require specification support. Therefore, it is proposed that an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is not needed.
Proposal 1: An additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is not needed.
Number of PRBs:
One issue to clarify is the precise definition of 5 MHz baseband bandwidth. In [2], this was assumed to be 25 contiguous PRBs at 15 kHz SCS and 11 contiguous PRBs at 30 kHz SCS. These numbers are based on the transmission bandwidth configuration as defined in RAN4 specification 38.104 for channel bandwidth of 5 MHz. In RAN1#110bis-e, the following options were agreed for down-selection –
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
It was further agreed that the same option will be selected for both PDSCH and PUSCH. From data channel perspective, it can be observed that –
· The peak data rates of 10 Mbps is already exceeded with Option 4 so there is no need to further increase the number of PRBs for peak rate purpose (see Section 3 for analysis).
· For the downlink, coverage can be improved with larger number of PRBs. From [2], however, it is seen that there is no coverage issue with unicast PDSCH as the cell-edge data rate is scaled with the reduced bandwidth. For broadcast PDSCH, in case of periodic signals such as SIB1/OSI, the UE can already combine multiple transmissions to improve performance. Therefore, the number of PRBs will not have meaningful impact to performance. For other broadcast signals such as RAR and paging, the message size is small and coverage is not expected to be an issue.
· For the uplink, there is no difference in the coverage with larger number of PRBs. In fact, for coverage limited UE, the gNB will generally allocate only small number of PRBs to that UE in order not to waste resources.
· For PUSCH transmission using transform precoding, allocation of 11/13 PRB is not possible due to restriction that the allocation needs to fulfill where a, b, and c are non-negative integers. However, transform precoding is expected to be used for coverage-limited scenarios where UEs will not be assigned large number of PRBs. For UEs in good coverage, there is generally a link-level loss from using DFT-S-OFDM compared to OFDM. Therefore, it seems unlikely that DFT-S-OFDM will be used with large number of PRBs.
· There is an increase in complexity with larger number of PRBs. However, the overall increase is not expected to be substantial. 
From the above discussion, there seems no compelling reason to support more than 25/11 PRBs for 15/30 kHz SCS. Therefore, we propose to reuse the RAN4 numbers for channel bandwidth of 5 MHz.
Proposal 2: For UE BB bandwidth reduction, UE can support up to a maximum of 25 PRBs at 15 kHz SCS and 11 PRBs at 30 kHz SCS.
PDSCH:
For broadcast channel, several agreements were made in RAN1#110bis-e –
For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· FFS: UE post-FFT buffering “assumption”

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)

For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous

For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous
In our view, paging and RAR can be shared between Rel-18 RedCap and legacy UEs. For paging, currently the gNB does not know whether the UE being paged is a RedCap UE or not. Therefore, to support separate paging of Rel-18 RedCap UE, we would need additional signalling on the UE type from the AMF to the gNB. In previous studies, it was noted that generally only few UEs are paged in a PO. Hence, sharing of paging between legacy and Rel-18 RedCap UE should be allowed. Constraining the paging messages for all UEs to 5MHz would result in reduced number of paging records per paging message which could then lead to additional latency. For RAR, the scheduling should not be restricted otherwise the gNB has to either (1) always schedule the RAR within 5 MHz thus having an impact to legacy UE or (2) separate early indication of Rel-18 RedCap UE is needed for Msg1. Furthermore, a common RAR would also be beneficial in the case the gNB needs to send back-off indication. A common RAR would avoid the gNB sending multiple of these RAR with hypothesis on the UEs capabilities. Therefore, similar to the agreements made for SIB1/OSI, we should allow the PDSCH scheduling to be larger than 5 MHz so as to limit the impact to legacy UE.
Proposal 3: For UE BB bandwidth reduction, for paging channel and RAR to Rel-18 RedCap UEs, allow the scheduling of PDSCH to be larger than 5 MHz (as in legacy operation).
Since the gNB can use up to 20 MHz for broadcast transmission, there should not be any performance impact to legacy UEs. For Rel-18 RedCap UE, there may be performance impact (i.e. link-level loss). For SIB1/OSI, the UE can use soft combining to improve performance. For RAR and Paging, other enhancements as described in the next paragraph are possible. Therefore, there is no need for separate broadcast transmission (e.g. separate SIB1 or OSI transmission) for Rel-18 RedCap UE. This can also minimize overhead as there would be no need to send duplicate information separately to Rel-18 RedCap UE. 
Proposal 4: There is no need for separate SIB1/OSI transmissions for Rel-18 RedCap UE.
As shown in [2], there is a link-level performance loss when the UE is only able to receive a portion of the broadcast PDSCH. Therefore, performance enhancement that might be needed for Rel-18 UE can be considered. Several enhancements are possible as shown –
· For SI transmissions, the UE can combine multiple instances of the PDSCH transmissions. This improves performance at the expense of additional latency. However, it was noted in [2] that the relaxed latency requirements for RedCap can still be met. 
· For Msg2 (RAR), however, only one instance is transmitted. In this case, the gNB can improve performance by ensuring that Msg2 size is small (e.g. by breaking up multiple random access responses into several Msg2 transmissions in the response window).
· The gNB can power boost broadcast transmission to improve performance for Rel-18 RedCap UE. In case the transmission is larger than 5 MHz, the gNB may only need to power boost a portion of the PDSCH within the Rel-18 RedCap UE baseband bandwidth. In this case, the gNB can let the UE know which portion of the PDSCH is power boosted so the UE can receive the enhanced portion. 
Thus, it seems that performance degradation for broadcast channels can be alleviated either via gNB or UE implementation. However, it would be beneficial to study further potential performance enhancements for broadcast transmission.
Proposal 5: It is FFS whether performance enhancements are needed for broadcast transmissions for Rel-18 RedCap UE.
A key issue that remains under discussion is whether the PRBs must be contiguous or they can be distributed (BW3 vs PR3). From a complexity reduction perspective, BW3 has slightly larger complexity reduction [2] due to potential smaller post-FFT data buffering and receiver processing. Therefore, we propose to support contiguous PRB allocation.
Proposal 6: For unicast PDSCH transmission, the UE is not expected to receive a DL grant in a DCI with a PDSCH resource allocation spanning a bandwidth of more than ~5 MHz.
From a scheduling perspective, since the UE RF spans 20 MHz, the UE can transmit/receive any 5 MHz portion within the BWP of up to 20 MHz. There is no need to restrict the PDSCH/PUSCH allocation to a certain 5 MHz portion or define a frequency portion for UE to operate in. There is also no need to support mandatory cross-slot scheduling as this is not currently supported for broadcast PDSCH transmission. This would restrict scheduler flexibility / increase complexity and also require considerable standardization effort considering small complexity reduction.
Proposal 7: Rel-18 RedCap UE can be dynamically allocated any frequency allocation spanning a bandwidth of up to ~5 MHz within the BWP of up to 20 MHz.
In the downlink, the PDSCH is limited in the baseband to 5 MHz. However, other channels and signals can be transmitted in BWP up to 20 MHz. In case of simultaneous reception of PDSCH and other channels/signals, this should be supported. For simultaneous reception of two PDSCH transmissions (e.g. unicast and broadcast), this should be allowed as specified by mandatory feature group 5-1. This can be handled via gNB implementation. In case the two PDSCH allocations are larger than 5 MHz, it is FFS whether handling behavior needs to be defined.
Proposal 8: Simultaneous reception of PDSCH (limited to 5MHz in baseband) and SSB/PDCCH/CSI-RS within the BWP is supported for BWP of up to 20 MHz.

Proposal 9: Simultaneous reception of two PDSCH transmissions (e.g. unicast and broadcast) is supported. In case the total frequency allocation is larger than 5 MHz, it is FFS whether UE behaviour needs to be specified or it can be left to UE implementation.
PUSCH:
In the uplink, it has been agreed that for both dynamic and configured grant, the UE is not expected to receive PUSCH allocation spanning a bandwidth of more than ~5 MHz. However, for UL grant in a RAR, this is FFS. In our view, for a typical Msg3 size, 5 MHz seems sufficient for Msg3 size even if the gNB does not know whether UE is Rel-18 or legacy. However, in case of large Msg3 (e.g. for SDT), it might be beneficial for the UE to receive an uplink grant that is larger than 5MHz in the case that there is no separate early indication in Msg1. In this case, the Rel-18 UE may transmit using only a portion of the PUSCH corresponding to its baseband capability. Therefore, it is worth considering further whether to allow UL grant in a RAR with Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz.
Proposal 10: For UE BB bandwidth reduction, FFS whether a UE can receive an UL grant in a RAR with a Msg3 PUSCH resource allocation for SDT spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
In the uplink, the PUCCH and PRACH can utilize the full 20 MHz bandwidth. Thus, the PUCCH can be configured e.g. within a 20 MHz BWP while the PUSCH is allocated only a 5 MHz portion. For simultaneous PUCCH + PUSCH transmission, it is proposed that this is supported for BWP of up to 20 MHz
Proposal 11: Simultaneous transmission of PUSCH (limited to 5 MHz in baseband) and PUCCH within the BWP is supported for BWP of up to 20 MHz.
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.
As discussed in [3], the complexity saving from peak reduction alone is not sufficient for a stand-alone feature. In addition, it is not preferred to have several variations of Rel-18 RedCap UE. Therefore, our preference is that UE peak rate reduction is not supported as a stand-alone feature.
Proposal 12: UE peak data rate reduction is not supported as a stand-alone feature.
For the remaining FFS regarding the value of X, the selected value should in our opinion:
1. Ensure that a minimum peak rate of 10 Mbps, as quoted in the WID, is achieved for all options of the UL/DL and SCS supported given the still to be agreed number of PRBs.
2. Account for the limited granularity of the subset of “f” factors currently defined in 38.306 - 1, 0.8, 0.75, and 0.4.
Table 1 below, shows that with the assumption that 25 and 11 PRBs are agreed and ignoring the limited granularity of the “f” factor, that a value of X = 3.4 can meet the 10 Mbps target for all permutations of the SCS and UL/DL.
Table 1. Peak data rates for UE with baseband bandwidth reduction to 5 MHz – FDD ignoring the constraints on f (.
	
	15 kHz SCS (25 PRBs)
	30 kHz SCS (11 PRBs)

	Downlink
	11.4 Mbps
	10.0 Mbps

	Uplink
	12.2 Mbps
	10.7 Mbps


Now if the granularity of the f factor (either 1, 0.8., 0.75 or 0.4) is considered, along with the most probable values of vlayers and Qm, vlayers=1 and Qm=6 (corresponding to 64-QAM), then Table 2 shows the values that can be achieved using the current lowest value of f, that enables the relaxed constraint to be met.

Table 2. Peak data rates for UE with baseband bandwidth reduction to 5 MHz – FDD considering the constraints on f and Qm (.
	
	15 kHz SCS (25 PRBs)
	30 kHz SCS (11 PRBs)

	Downlink
	15.04 Mbps
	13.2 Mbps

	Uplink
	16.1 Mbps
	14.2 Mbps



As can be seen from Table 2, just defining a new relaxed constraint alone, will by itself not yield the desired peak data reduction given the limited subset of values currently defined for “f” if 64-QAM (I.e. Qm=6) is assumed.  For a new relaxed constraint to be effective with 64-QAM (preferred for flexibility), an additional “f” factor is required, eg f=0.57.
Observation 1: A new relaxed constraint, X=3.4, would ensure a minimum peak data rate of 10.0 Mbps for the various SCS and UL/DL combinations assuming:
-	the 25-11 PRB option is selected
-	an ideal value of the “f” factor
Observation 2: Without a new value of “f”, a new relaxed constraint cannot be met for  = 6.
Proposal 13: A new relaxed peak data rate constraint, X=3.4, is defined.
Proposal 14: A new value of “f”, f=0.57, is defined.
Other Issues
Early indication:
In [2], it is noted that a separate early indication might be needed for baseband bandwidth reduction. This is because the gNB does not know the UE capability until Msg5. Without a separate early indication, the gNB would be forced to limit the frequency allocation for Msg2/3/4/5 to 5 MHz. In [1], it remains FFS whether or not/how a separate early indication can be supported. For the coverage evaluations in [2], the following assumptions were used –
· Msg2 – 72 bits, 25 PRBs @ 15 kHz, 11 PRBs @ 30 kHz
· Msg3 – 56 bits, 2 PRBs
· Msg4 – 1040 bits, 25 PRBs @ 15 kHz, 11 PRBs @ 30 kHz
In the downlink, in most cases, there was no coverage issue for Msg2/4. For Urban scenario at 4 GHz and DL PSD of 24 dBm/MHz, there were coverage impacts for Msg2 and Msg4. This scenario, however, is a challenging case where other channels also have coverage issues. Also, note that Msg2 is a broadcast message, and the gNB can still send this message using frequency allocation greater than 5 MHz (thus no impact to legacy UE). Rel-18 RedCap UE will of course be able to receive only 5 MHz.
For the uplink, there is no issue with Msg3 coverage except for the rural scenario where the coverage margin for UE with 3dB antenna efficiency loss is worse than the bottleneck channel by less than 0.1dB.
Therefore, it seems that Msg3/4 can be confined via implementation to 5 MHz without any impact to coverage. It should also be noted that Msg3/4/5 support HARQ retransmission, so a packet that cannot be successfully decoded can be re-transmitted. Furthermore, Msg3 frequency hopping is already supported as  Thus, it is not clear if a separate early identification of Rel-18 RedCap UE is needed. If needed, it seems that having a separate early indication in Msg3 seems sufficient.
Observation 3: The random access procedure for existing Rel-17 RedCap UEs can already be configured to support baseband BW reduced Rel-17 RedCap UEs, but this re-configuration (limiting PUSCH/PDSCH to 5 MHz) may compromise the performance of other non-Rel-18 Bandwidth Reduced RedCap UEs.
Proposal 15: Rel-18 RedCap UEs (supporting UE complexity reduction functionality introduced by this WI) can use the same early indication in Msg1/Msg3/MsgA as Rel-17 RedCap UEs.
Proposal 16: It is FFS whether a separate early indication for Rel-18 RedCap UE is needed. If needed, a separate early indication in Msg3 seems sufficient.
Rel-18 RedCap UE type:
Currently, the definition of a Rel-17 RedCap UE can be found in TS38.306. This is copied below:
	4.2.21.1	Definition of RedCap UE
RedCap UE is the UE with reduced capability:
-	The maximum bandwidth is 20 MHz for FR1, and is 100 MHz for FR2. UE features and corresponding capabilities related to UE bandwidths wider than 20 MHz in FR1 or wider than 100 MHz in FR2 are not supported by RedCap UEs;
-	The maximum mandatory supported DRB number is 8;
-	The mandatory supported PDCP SN length is 12 bits while 18 bits being optional;
-	The mandatory supported RLC AM SN length is 12 bits while 18 bits being optional;
-	For FR 1, 1 DL MIMO layer if 1 Rx branch is supported, and 2 DL MIMO layers if 2 Rx branches are supported; for FR2, either 1 or 2 DL MIMO layers can be supported, while 2 Rx branches are always supported. For FR1 and FR2, UE features and corresponding capabilities related to more than 2 UE Rx branches or more than 2 DL MIMO layers, as well as UE features and capabilities related to more than 2 UE Tx branches or more than 2 UL MIMO layers are not supported by RedCap UEs;
-	CA, MR-DC, DAPS, CPAC and IAB (i.e., the RedCap UE is not expected to act as IAB node) related UE features and corresponding capabilities are not supported by RedCap UEs. All other feature groups or components of the feature groups as captured in TR 38.822 [24] as well as capabilities specified in this specification remain applicable for RedCap UEs same as non-RedCap UEs, unless indicated otherwise.


A new single definition for a Rel-18 RedCap UE is recommended by the SID. This will help minimize market fragmentation and simplify network support. As discussed earlier, we do not see significant benefits in defining a standalone peak data rate reduction feature, hence key differences of a single Rel-18 RedCap UE definition from the Rel-17 definition above, include:
· The maximum UL and DL RF bandwidth is 20 MHz for FR1. Within this RF BW, the maximum BB bandwidth is unrestricted for all channels, except for PDSCH (for both unicast, broadcast and multicast) and PUSCH, which are restricted to 5MHz.  UE features and corresponding capabilities related to UE bandwidths wider than 20 MHz in FR1 or wider than 100 MHz in FR2 are not supported by RedCap UEs.

· The peak data rate for PDSCH and PUSCH is restricted between 10 and 13 Mbps.
Proposal 17: RAN1 defines one new Rel-18 RedCap UE type for further UE complexity reduction.

UE capability framework:
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 18: A new UE capability parameter is defined that indicates that the UE has the following functional components:
-	Maximum FR1 RedCap UE bandwidth is 20 MHz;
-	Maximum FR1 RedCap UE BB bandwidth is restricted to 5 MHz for PDSCH (unicast, broadcast) and PUSCH.  Other channels can use the full 20 MHz.
-  Reduced Peak data rate
-	Support of RedCap early indication based on Msg1, MsgA and Msg3 for random access;
-	Separate initial UL BWP for RedCap UEs;
-	Separate initial DL BWP for RedCap UEs.
A Rel-18 RedCap UE shall set the field to supported.
FFS: If early indication methods are shared or separated from Rel-17 RedCap UEs
Conclusions
In this contribution, we consider further reduced capability NR devices and make the following observations and proposals –
Proposal 1: An additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is not needed.
Proposal 2: For UE BB bandwidth reduction, UE can support up to a maximum of 25 PRBs at 15 kHz SCS and 11 PRBs at 30 kHz SCS.
Proposal 3: For UE BB bandwidth reduction, for paging channel and RAR to Rel-18 RedCap UEs, allow the scheduling of PDSCH to be larger than 5 MHz (as in legacy operation).
Proposal 4: There is no need for separate SIB1/OSI transmissions for Rel-18 RedCap UE.
Proposal 5: It is FFS whether performance enhancements are needed for broadcast transmissions for Rel-18 RedCap UE.
Proposal 6: For unicast PDSCH transmission, the UE is not expected to receive a DL grant in a DCI with a PDSCH resource allocation spanning a bandwidth of more than ~5 MHz.
Proposal 7: Rel-18 RedCap UE can be dynamically allocated any frequency allocation spanning a bandwidth of up to ~5 MHz within the BWP of up to 20 MHz.
Proposal 8: Simultaneous reception of PDSCH (limited to 5MHz in baseband) and SSB/PDCCH/CSI-RS within the BWP is supported for BWP of up to 20 MHz.

Proposal 9: Simultaneous reception of two PDSCH transmissions (e.g. unicast and broadcast) is supported. In case the total frequency allocation is larger than 5 MHz, it is FFS whether UE behaviour needs to be specified or it can be left to UE implementation.
Proposal 10: For UE BB bandwidth reduction, FFS whether a UE can receive an UL grant in a RAR with a Msg3 PUSCH resource allocation for SDT spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
Proposal 11: Simultaneous transmission of PUSCH (limited to 5 MHz in baseband) and PUCCH within the BWP is supported for BWP of up to 20 MHz.
Proposal 12: UE peak data rate reduction is not supported as a stand-alone feature.
Observation 1: A new relaxed constraint, X=3.4, would ensure a minimum peak data rate of 10.0 Mbps for the various SCS and UL/DL combinations assuming:
-	the 25-11 PRB option is selected
-	an ideal value of the “f” factor
Observation 2: Without a new value of “f”, a new relaxed constraint cannot be met for  = 6.
Proposal 13: A new relaxed peak data rate constraint, X=3.4, is defined.
Proposal 14: A new value of “f”, f=0.57, is defined.
Observation 3: The random access procedure for existing Rel-17 RedCap UEs can already be configured to support baseband BW reduced Rel-17 RedCap UEs, but this re-configuration (limiting PUSCH/PDSCH to 5 MHz) may compromise the performance of other non-Rel-18 Bandwidth Reduced RedCap UEs.
Proposal 15: Rel-18 RedCap UEs (supporting UE complexity reduction functionality introduced by this WI) can use the same early indication in Msg1/Msg3/MsgA as Rel-17 RedCap UEs.
Proposal 16: It is FFS whether a separate early indication for Rel-18 RedCap UE is needed. If needed, a separate early indication in Msg3 seems sufficient.
Proposal 17: RAN1 defines one new Rel-18 RedCap UE type for further UE complexity reduction.
Proposal 18: A new UE capability parameter is defined that indicates that the UE has the following functional components:
-	Maximum FR1 RedCap UE bandwidth is 20 MHz;
-	Maximum FR1 RedCap UE BB bandwidth is restricted to 5 MHz for PDSCH (unicast, broadcast) and PUSCH.  Other channels can use the full 20 MHz.
-  Reduced Peak data rate
-	Support of RedCap early indication based on Msg1, MsgA and Msg3 for random access;
-	Separate initial UL BWP for RedCap UEs;
-	Separate initial DL BWP for RedCap UEs.
A Rel-18 RedCap UE shall set the field to supported.
FFS: If early indication methods are shared or separated from Rel-17 RedCap UEs
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