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1. [bookmark: _Ref115132664]Introduction
In RAN#97, the work item was approved with the WID as in [1] and corresponding objectives are shown below. 
	
4.1	Objective of Core part WI

The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2 and CT1 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.


[bookmark: _Hlk95727305]

	Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



This contribution, we discuss our initial views on these UE complexity reduction features for Rel-18 eRedCap . 

2. Further reduced UE complexity
[bookmark: _Toc101519368]2.1	UE baseband bandwidth reduction (BW3)
This section discussed UE baseband bandwidth reduction scheme (aka option BW3) including basic operations, required spec impacts, and remaining issues.
2.1.1	Basic operations
Complexity reduction
eRedCap study item TR [2] provided that main contributors of the complexity reduction include five functional blocks as shown below. It is shown that the complexity of Post-FFT data buffering is reduced for BW3 and this is the main difference between BW3 option and PR3 option. This means that the BW3 UE is not expected to buffer the BW larger than 5MHz for the PDSCH reception. 
	From TR 38.865
For BW3, the main contributors of the complexity reduction are the following functional blocks:
· Baseband: Post-FFT data buffering 
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block

------- [intentionally omitted] ---------

For PR3, the main contributors of the complexity reduction are the following functional blocks:
-	Baseband: Receiver processing block
-	Baseband: LDPC decoding
-	Baseband: HARQ buffer
-	Baseband: UL processing block



Observation: 
· Based on TR38.865, eRedCap UE with BW3 is not expected to buffer the BW larger than 5MHz for the PDSCH reception

Initial Access 
SSB detection and synchronization will be the same as Rel-17 RedCap as a Rel-18 eRedCap UE is capable of receiving whole SSB. For the reception of SIB1, the UE needs to monitor CSS in CORESET#0, which is also the same as Rel-17 RedCap. UE baseband bandwidth reduction brings the impact to SIB1 PDSCH reception as Rel-18 eRedCap UEs have BW restriction on PDSCH. Considering coexistence between Rel-18 eRedCap UE, Rel-17 RedCap UE, and non-RedCap UEs, NW may share the SIB1 PDSCH for all UEs and frequency domain resource allocation for SIB1 PDSCH may be larger than 5MHz, which is typical for legacy systems. In this case, the Rel-18 eRedCap UE which receives DCI with CRC scrambled by a SI-RNTI can only receive a part of SIB1 PDSCH due to the post-FFT data buffering restriction. The corresponding coverage impacts were studied in study item as shown in [2] and more details will be discussed in section 2.2.3. In addition to the SIB1, similar observations could be applied for other system information (OSI) blocks. 
Observation: 
· Existing SSB and CORESET#0 can be simply reused for Rel-18 eRedCap UEs with BW3
· Coverage loss is observed for SIB1 PDSCH (and PDSCHs for other SIBs) compared to Rel-17 RedCap especially when coexistence with legacy UEs is considered
Proposal:
· eRedCap UEs with BW3 option can receive DCI which allocates frequency resource wider than 5MHz BW at least for DCI scheduling broadcast data.
· eRedCap UEs is capable of processing only 5MHz BW portion of whole allocated resource

Initial DL/UL BWP
In Rel-17, RedCap-specific initial DL/UL BWP has been introduced. As Rel-18 eRedCap UE is capable of 20MHz BW operation, it is straightforward to reuse the initial DL/UL BWP framework of Rel-17 RedCap for Rel-18 eRedCap UEs.
Proposal: 
· Initial DL/UL BWP framework of Rel-17 RedCap is reused for Rel-18 eRedCap UEs with BW3

Operation after connection
After the NW is aware of the UE’s capability (5MHz BW restriction for PDSCH/PUSCH), NW will allocate frequency resource with 5MHz BW restriction for PDSCH and PUSCH. Figure 1 shows the resource allocation for eRedCap UE with UE BB BW reduction. Here, CORESET can be defined in 20MHz BW and DCI in the CORESET will indicate the resource allocation for PDSCH or PUSCH. 5MHz data BW can be positioned anywhere inside the BWP and it is also indicated by the DCI. And at least for the DCI scheduling of unicast data, the resource allocation is not expected to be wider than 5MHz BW due to the BW3 restriction. Further details of the frequency domain resource allocation (type-0/1 RA) and required spec impacts will be discussed in section 2.2.2. 
[image: ]
[bookmark: _Ref115103227]Figure 1: Scheduling of PDSCH for eRedCap with UE baseband bandwidth reduction

Proposal: 
· eRedCap UEs with BW3 option is not expected to receive DCI which allocates frequency resource wider than 5MHz BW for DCI scheduling unicast data.

Data rate:
BB bandwidth reduction results in a reduction in the achievable peak data rate but it meets the peak data rate requirements (10Mbps) as given in Table 1 (highlighted parts).
[bookmark: _Ref115131849]Table 1: Peak rates for different BB BW and different vLayers·Qm·f constraint
	SCS
	BW (
	Peak rate constraint

	Maximum data rate [Mbps]

	
	
	
	DL
	UL

	15KHz 
	20MHz (106)
	6
	85.1
	91.0

	
	
	4
	56.7
	60.7

	
	5MHz (25)
	6
	20.1
	21.5

	
	
	4
	13.4
	14.3

	30KHz 
	20MHz (51)
	6
	81.9
	87.6

	
	
	4
	54.6
	58.4

	
	5MHz (11)
	6
	17.7
	18.9

	
	
	4
	11.8
	12.6



Observation: 
· UE baseband bandwidth reduction schemes (BW3) meets 10Mbps peak rate both for DL and UL with 25/11 PRB restriction for 15/30 KHz SCS

[bookmark: _Toc101519372]2.2.2	Potential spec impacts
This section discussed required spec impacts for the introduction of UE BB BW reduction for PDSCH and PUSCH. 
Resource allocation for PDSCH/PUSCH in frequency domain
Due to the restriction of the PDSCH and PUSCH resource allocation in frequency domain, FDRA field can be enhanced to reduce the bit size of the DCI 0_1 and DCI 1_1. For FDRA, there are two resource allocation types, bitmap based RA type-0 and RIV based RA type-1. 
For RA type 0, RBG-level bitmap is covering whole configured active BWP and each bit of bitmap corresponds to a group of RB (RBG), where the RBG size is dependent on BWP size and additional RRC configuration (See 5.1.2.2.1 in 38.214). For example, 20MHz BWP with 30KHz SCS has 51RB and the RBG size is either 4 or 8 RBs depending on the RRC configuration. Therefore, FDRA field with RA type 0 needs 13 bits to cover 51 RBs. However, eRedCap with BW3 does not support RB allocation more than 11RB with 30KHz SCS, so current RA type 0 is not efficient and actual bit size for FDRA field can be reduced to cover only the maximum data allocation size (5MHz data BW). In this case, the 5MHz data BW position inside the configured BWP has to be also indicated to the UE in addition to the RBG-level bitmap of 5MHz BW. Table 2 shows the comparison between FDRA type 0 for Rel-17 RedCap and potential enhancement of FDRA type 0 for eRedCap with BW3.

[bookmark: _Ref115304374]Table 2: FDRA enhancement for RA type 0
	Rel-17 RedCap
	

Figure 2: FDRA type 0 for Rel-17 RedCap

FDRA field 
· Based on RBG-level BITMAP over the whole BWP
· Bit size: 13 bits (51 RBs for 20MHz with 30KHz SCS, RBG size: 4)


	Rel-18 eRedCap 
with BW3
	

Figure 3: Potential enhancement of FDRA type 0 for Rel-18 eRedCap

FDRA field 
· Consist of starting RB index + RBG-level BITMAP over the 5MHz data BW
· Bit size: 9 bits 
· 6 bits for starting RB indication (based on every RB)
· 3 bits for BITMAP (11 RB for 5MHz with 30KHz SCS, RBG size: 4)
· Further considerations
· Number of bits for starting RB indication can be reduced further if a certain restriction is given to the starting RB position, 
e.g., starting RB is aligned with RBG grid
· RBG size can be smaller and does not need to be dependent on BWP size, e.g, 2 regardless of configured BWP size


Differently from RA type 0, RA type 1 only allows contiguous RB allocation (in VRB domain) and FDRA indication is based on resource indication value (RIV), where each RIV corresponds to a combination of starting RB and a length in terms of contiguously allocated RBs. However, eRedCap with BW3 does not support RB allocation more than 5MHz so current RA type 1 includes RIVs which are not supported by eRedCap UE with BW3. Therefore, number of bits for FDRA field can be further reduced by removing unnecessary RIVs. Table 3 shows the comparison between FDRA type 1 for Rel-17 RedCap and potential enhancement of FDRA type 0 for eRedCap with BW3.

[bookmark: _Ref115304551]Table 3: FDRA enhancement for RA type 1
	Rel-17 RedCap
	

Figure 4: FDRA type 1 for Rel-17 RedCap

FDRA field 
· Based on resource indication value (RIV, based on starting RB and number of RBs)
· Max allocation can be up to the last RB of the BWP
· Bit size: 11 bits for 20MHz BWP (51 RBs with 30KHz SCS)


	Rel-18 eRedCap 
with BW3
	

Figure 5: Potential enhancement of FDRA type 1 for Rel-18 eRedCap

FDRA field 
· Based on resource indication value (RIV, based on starting RB and number of RBs)
· Max allocation can be up to the 5MHz BW (11 RBs for 30KHz SCS)
· Bit size: 9 bits for 20MHz BWP (51RB) and 5MHz data BW (11RB)




Observation: 
· DCI bit size can be reduced by enhancing FDRA field at least for DCI 0_1 and DCI 1_1
Proposal: 
· RAN1 to discuss enhancement of FDRA field for DCI 0_1 and DCI 1_1


Interleaved VRB-to-PRB mapping
VRB-to-PRB mapping concept is only applied to RA type 1, where further RB interleaving is performed in PRB domain after contiguous RB mapping in VRB domain. For the interleaved VRB-to-PRB mapping, the interleaving operation is done over the whole BWP size as shown in Figure 6. Therefore, for eRedCap UE with BW3 option, if interleaved mapping is enabled, the PRB allocation may not be confined within 5MHz BW even though the VRB allocation is confined within 5MHz BW. 

[image: ]
[bookmark: _Ref115361813]Figure 6: Interleaved VRB-to-PRB mapping
Observation: 
· Interleaved VRB-to-PRB mapping may results in PRB allocation larger than 5MHz BW even though VRB allocation is confined within 5MHz BW
Proposal: 
· It is suggested to disable interleaved VRB-to-PRB mapping for eRedCap UEs with BW3

SIB1 transmission
Transmission of SIB1 PDSCH has been discussed in study item phase as in [2] with respect to the coexistence impacts and coverage impacts. Table 4 and Table 5  are from the study item TR and it also captures the following observations:
· For the comparison with bottleneck channel MIL, there are some scenarios that shows negative coverage margins for SIB1 including the following scenarios
· Urban scenario at 2.6GHz/4GHz and DL PSD of 33 dBm/MHz with 3dB antenna efficiency loss 
· Urban scenario at 4 GHz with 11-PRB UE BW and DL PSD of 24 dBm/MHz
· In Urban scenario (30 kHz SCS), for SIB1 (>5MHz), coverage degradation of 11.24 dB is observed with BW1, BW2, BW3 and PR3 options compared to Rel-17 RedCap UE.	
[bookmark: _Ref115132797]
Table 4: Channels with negative representative coverage margins for different complexity reductions options and different deployment scenarios (Table 8.2.4-1 in [2])
	Deployment scenario and frequency (and UE bandwidth, and DL PSD)
	3dB antenna efficiency loss?
	Complexity reduction options in Clause 7

	
	
	BW1
	BW2
	BW3
	PR3

	Urban at 2.6 GHZ with 11 PRBs
	w/o 3dB ant. eff. loss
	None
	None
	None
	None

	
	with 3dB ant. eff. loss
	PDCCH CSS w/ AL2 (<1dB)
SIB1(<1dB)
	PDCCH CSS w/ AL2 (<1dB)
SIB1(<1dB)
	SIB1(<1dB)
	SIB1(<1dB)

	Urban at 2.6 GHZ with 12 PRBs
	w/o 3dB ant. eff. loss
	None
	None
	None
	None

	
	with 3dB ant. eff. loss
	None
	None
	None
	None

	Rural at 0.7 GHz
	w/o 3dB ant. eff. loss
	None
	None
	None
	None

	
	with 3dB ant. eff. loss
	Msg3 (<0.1dB)
	Msg3 (<0.1dB)
	None
	None

	Urban at 4 GHz with 11 PRBs and DL PSD of 33dBm/MHz
	w/o 3dB ant. eff. loss
	None
	None
	None
	None

	
	with 3dB ant. eff. loss
	None
	None
	None
	None

	Urban at 4 GHz with 11 PRBs and DL PSD of 24dBm/MHz
	w/o 3dB ant. eff. loss
	· PDCCH CSS (w/ AL16, AL8 and AL2)
· PDCCH USS with AL2
· SIB1
· Msg4
	· PDCCH CSS (w/ AL16, AL8 and AL2)
· PDCCH USS with AL2
· SIB1
· Msg4
	· SIB1
· Msg4
	· SIB1
· Msg4

	
	with 3dB ant. eff. loss
	· PBCH
· PDCCH CSS
· PDCCH USS
· SIB1
· Msg2
· Msg4
	· PBCH
· PDCCH CSS
· PDCCH USS
· SIB1
· Msg2
· Msg4
	· SIB1
· Msg2
· Msg4
	· SIB1
· Msg2
· Msg4



[bookmark: _Ref115132801]

Table 5: In Urban scenario at 2.6GHz with 30kHz SCS, coverage differences of broadcast channels including PBCH, PDCCH CSS, and SIB1 between the potential Rel-18 UE and the reference Rel-15 NR/Rel-17 RedCap UEs with complexity reduction options BW1, BW2, BW3 and PR3. (Table 8.2.4-2 of [2])
	Coverage difference (dB)
	Compared with reference Rel-15 NR UE (MIL)
	
	Compared with reference Rel-17 RedCap UE (MIL)

	
	PBCH (20 RBs) with 1% BLER
	PDCCH CSS (48 RBs) with 1% BLER
	SIB1 (>5 MHz) with 10% BLER
	
	PBCH (20 RBs) with 1% BLER
	PDCCH CSS (48 RBs) with 1% BLER
	SIB1 (>5 MHz) with 10% BLER

	
	Rel-18 UE with soft/selective combining without RF retuning
	Rel-18 UE with soft/selective combining with RF retuning
	Rel-18 UE (11 PRBs; CORESE: 2 symbols, 48 PRBs; AL16)
	Rel-18 UE (11 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	
	Rel-18 UE with soft/selective combining without RF retuning
	Rel-18 UE with soft/selective combining with RF retuning
	Rel-18 UE (11 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	Rel-18 UE (11 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)

	BW1
	-11.87
	-9.3
	-15.26
	-17.50
	
	-5.05
	-2.51
	-8.91
	-11.24

	BW2
	-11.87
	-9.3
	-15.26
	-17.50
	
	-5.05
	-2.51
	-8.91
	-11.24

	BW3
	-6.8
	-6.28
	-17.50
	
	0
	0
	-11.24

	PR3
	-6.8
	-6.28
	-17.50
	
	0
	0
	-11.24



Observation: 
· Negative coverage margin was observed for SIB1 under some coexistence scenarios with respect to MIL comparison with Rel-15 bottleneck channel
· In urban scenario with 2.6GHz carrier frequency, coverage degradation of 11.24 dB is observed for SIB1 with BW3 option compared to Rel-17 RedCap UE.
Proposal: 
· RAN1 to discuss coverage recovery for SIB1 PDSCH with BW3 option

[bookmark: _Toc101519373]2.2.3	Further consideration
Early indication
· It is FFS Whether or not/how a separate early indication can be supported and it will be further discussed in RAN#98-e
· NW has to know the PDSCH/PUSCH BW capability of the device for the proper scheduling of Msg-2/3/4. So, if a Rel-18 eRedCap UE is required to be known to the network before the scheduling of Msg-2, there will be potential impact on the coexistence with legacy UEs. For instance, potential way for the early RedCap indication in Msg1 is PRACH partitioning. This will require fragmenting the PRACH resources available for legacy UEs or potential increase the PRACH resources and increase the PRACH collisions. Msg-3 based early indication is another alternative, but it requires scheduling restriction for Msg-2/Msg-3 because NW has to assume 5MHz BW restriction even for the 20MHz-PDSCH/PUSCH capable UEs.

Observation: 
· Early indication is needed for NW to distinguish Rel-17 RedCap UE and Rel-18 eRedCap UE
Proposal: 
· [bookmark: _Toc101519374]Early indication for Rel-18 UE with baseband bandwidth reduction is introduced separately from early indication for Rel-17 RedCap UE
· Final decision on introduction of early indication to be made in RAN#98

2.2	Further UE peak rate reduction (PR1)
This section discussed further UE peak rate reduction (aka option PR1).
2.2.1	Basic operations
Basic operation for PR1 as an add-on feature on top of BW3 is the same as standalone BW3 operation as discussed in section 2.1.1. This section focuses on basic operation for PR1 as a standalone feature.
Initial Access 
Initial access for Rel-18 UEs with PR1 option can be exactly same as Rel-17 Redcap operation. The max payload size for PR1 option is slightly larger than 5000/10000 bits for 30/15 KHz SCS to meet 10Mbps target bitrate and it is sufficiently large to handle SIBs and Msg-2/3/4. Therefore, there is no coexistence issues or coverage impacts by the introduction of Rel-18 UEs with PR1.
Observation: 
· Initial access procedure for Rel-18 eRedCap with PR1 is same as Rel-17 RedCap. 
· There is no coverage impact on reception of SIB1 or other SIBs

Initial DL/UL BWP
In Rel-17, RedCap-specific initial DL/UL BWP has been introduced. As Rel-18 eRedCap UE is capable of 20MHz BW operation, it is straightforward to reuse the initial DL/UL BWP framework of Rel-17 RedCap for Rel-18 eRedCap UEs.
Proposal: 
· Initial DL/UL BWP framework of Rel-17 RedCap is reused for Rel-18 eRedCap UEs with PR1

Operation after connection
After the NW is aware of the UE’s peak rate capability, NW will schedule a UE with TBS which is less than UE’s capable payload size, which is exactly same as the existing operation.  

Data rate:
Peak rates for standalone PR1 option is given in Table 4 and this option meets the peak data rate requirements (10Mbps) with vLayers·Qm·f constraint relaxed to 1.

[bookmark: _Ref115131911]Table 6: Peak rates for standalone PR1 with different capability parameters
	SCS
	BW (
	
	Maximum data rate [Mbps]

	
	
	
	DL
	UL

	15KHz 
	Rel-17:
20MHz (106)
	6
	85.1
	91.0

	
	
	4
	56.7
	60.7

	
	PR1:
20MHz (106)
	2
	28.4
	30.3

	
	
	1
	14.2
	15.2

	30KHz 
	Rel-17:
20MHz (51)
	6
	81.9
	87.6

	
	
	4
	54.6
	58.4

	
	PR1:
20MHz (51)
	2
	27.3
	29.2

	
	
	1
	13.6
	14.6



For peak rate reduction as an add-on scheme on top of UE baseband bandwidth reduction, the vLayers·Qm·f constraint can be relaxed down to 3.2 for 15KHz SCS while meeting 10Mbps target bitrate as shown in Table 5. However, vLayers·Qm·f constraint relaxed to 3.2 does not meet the 10Mbps target bitrate for DL with 30KHz SCS. If the allowed number of RBs for BW3 option is increased from 11 to 12, 10Mbps target bitrate is met both for DL and UL. Note that 3.2 is the largest value for vLayers·Qm·f among all possible values which is less than 4.

[bookmark: _Ref115132866]Table 7: Peak rates for BW3+ PR1 with different BB BW size and capability parameters
	SCS
	BW (
	
(
	Maximum data rate [Mbps]

	
	
	
	DL
	UL

	15KHz 
	Rel-17:
20MHz (106)
	1, 6, 1 (6)
	85.1
	91.0

	
	
	1, 4, 1 (4)
	56.7
	60.7

	
	BW3+PR1:
5MHz (25)
	1, 4, 1 (4)
	13.4
	14.3

	
	
	1, 4, 0.8 (3.2)
	10.72
	11.44

	30KHz 
	Rel-17:
20MHz (51)
	1, 6, 1 (6)
	81.9
	87.6

	
	
	1, 4, 1 (4)
	54.6
	58.4

	
	BW3+PR1:
5MHz (11)
	1, 4, 1 (4)
	11.8
	12.6

	
	
	1, 4, 0.8 (3.2)
	9.4
	10.1

	
	BW3+PR1:
5MHz (12)
	1, 4, 1 (4)
	12.8
	13.7

	
	
	1, 4, 08 (3.2)
	10.3
	11


[bookmark: _Toc101519376]   

Observation: 
· For standalone UE peak rate reduction scheme, relaxing constraint (vLayers·Qm·f) down to 1 meets 10Mbps target bitrate both for UL and DL.
· For add-on UE peak rate reduction scheme on top of UE baseband bandwidth reduction, 
· Constraint (vLayers·Qm·f) can be relaxed down to 3.2 for 15KHz SCS while meeting 10Mbps target bitrate
· Constraint (vLayers·Qm·f) can be relaxed down to 3.2 for 30KHz SCS while meeting 10Mbps target bitrate if the max number of RBs is increase to 12

2.3.2	Potential spec impacts
No spec impacts is expected in RAN1 and impacts will be only in 38.306. However, RAN1 has to decide how much the constraint (vLayers·Qm·f) is relaxed as discussed in section 2.3.1.
Observation: 
· There is no RAN1 spec impact for UE peak rate reduction.
Proposal: 
· RAN1 to decide how much the constraint (vLayers·Qm·f) is relaxed and provide the inputs to RAN2 for corresponding change of the spec (38.306)

[bookmark: _Toc101519377]2.3.3	Further consideration
Whether to consider UE peak data rate reduction as a standalone scheme
Based on the agreed WID [1], it is FFS whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone and it will be further discussed in RAN#98-e. This section discusses why option PR1 has to be considered for the standalone scheme. 
First, as discussed in RAN #97, typical commercial chips are based on dual modem including LTE and NR features. Dual modem is more desirable design approach for scaling-up across global markets especially for modems targeting for IoT use cases. LTE CAT-1bis category UE supports 10Mbps DL and 5Mbps UL with 20MHz BW, which is considered comparable to NR eRedCap UEs from the target bitrate perspective. If we consider dual modem of CAT-1bis and eRedCap UE, most of the baseband features will be shared between two modes and CAT-1bis already supports 20MHz BB operation. If NR eRedCap with BW3 option is combined with LTE CAT-1bis, the potential cost saving benefits of BW3 option is unrealizable in practice because the 20MHz BW operation is anyway supported in the modem for LTE CAT-1bis. 
Secondly, standalone PR1 can enable early deployment of eRedCap system due to that only a minimal change is needed for UEs and NWs. This option does not bring any significant coexistence issues, e.g., coverage recovery of SIB1, and also it does not require separate early indication scheme to differentiate Rel-17 RedCap and Rel-18 eRedCap with PR1, which can enable reuse of the Rel-17 networks with minimal change/modification to support Rel-18 eRedCap UEs. 
Lastly, PR1 is just a simple extension of the existing capability based peak rate calculation. It is well known that Peak rate is calculated by three higher layer capability parameters including maxNumberMIMO-LayersPDSCH, supportedModulationOrderDL, and scalingFactor. In Rel-15/16/17, there are UEs with different peak rates by reporting the different combination of those parameters but those UEs are not considered as different types. The same rule is simply applied to PR1 option with the wider range of the parameter set and it does not necessarily introduce a new UE type.

Observation: 
· Standalone UE peak rate reduction is beneficial for typical Dual-mode LTE-NR devices and early implementation/deployments
· Standalone UE peak rate reduction does not introduce additional UE types
· Differentiating constraint of vLayers·Qm·f is already supported in current spec without defining different UE types
Proposal: 
· Consider further UE peak data rate reduction scheme (PR1) as both standalone feature and add-on feature on top of UE BB BW reduction scheme (BW3)
· Final decision on PR1 as standalone feature to be made in RAN#98

3. Conclusion
Based on discussions in section 2, we have following observations and proposals:

For UE baseband bandwidth reduction scheme (BW3):

Observation: 
· It is assumed that the eRedCap UE with BW3 is not expected to buffer the BW larger than 5MHz for the PDSCH reception
· Existing SSB and CORESET#0 can be simply reused for Rel-18 eRedCap UEs with BW3
· Coverage loss is observed for SIB1 PDSCH (and PDSCHs for other SIBs) compared to Rel-17 RedCap especially when coexistence with legacy UEs is considered
· UE baseband bandwidth reduction schemes (BW3) meets 10Mbps peak rate both for DL and UL with 25/11 PRB restriction for 15/30 KHz SCS
· DCI bit size can be reduced by enhancing FDRA field at least for DCI 0_1 and DCI 1_1
· Interleaved VRB-to-PRB mapping may results in PRB allocation larger than 5MHz BW even though VRB allocation is confined within 5MHz BW
· Negative coverage margin was observed for SIB1 under some coexistence scenarios with respect to MIL comparison with Rel-15 bottleneck channel
· In urban scenario with 2.6GHz carrier frequency, coverage degradation of 11.24 dB is observed for SIB1 with BW3 option compared to Rel-17 RedCap UE.
· Early indication is needed for NW to distinguish Rel-17 RedCap UE and Rel-18 eRedCap UE
Proposal: 
· eRedCap UEs with BW3 option can receive DCI which allocates frequency resource wider than 5MHz BW at least for DCI scheduling broadcast data.
· eRedCap UEs is capable of processing only 5MHz BW portion of whole allocated resource
· Initial DL/UL BWP framework of Rel-17 RedCap is reused for Rel-18 eRedCap UEs with BW3
· eRedCap UEs with BW3 option is not expected to receive DCI which allocates frequency resource wider than 5MHz BW for DCI scheduling unicast data.
· RAN1 to discuss enhancement of FDRA field for DCI 0_1 and DCI 1_1
· It is suggested to disable interleaved VRB-to-PRB mapping for eRedCap UEs with BW3
· RAN1 to discuss coverage recovery for SIB1 PDSCH with BW3 option
· Early indication for Rel-18 UE with baseband bandwidth reduction is introduced separately from early indication for Rel-17 RedCap UE
· Final decision on introduction of early indication to be made in RAN#98


For further UE peak rate reduction scheme (PR1):

Observation: 
· Initial access procedure for Rel-18 eRedCap with PR1 is same as Rel-17 RedCap. 
· There is no coverage impact on reception of SIB1 or other SIBs
· For standalone UE peak rate reduction scheme, relaxing constraint (vLayers·Qm·f) down to 1 meets 10Mbps target bitrate both for UL and DL.
· For add-on UE peak rate reduction scheme on top of UE baseband bandwidth reduction, 
· constraint (vLayers·Qm·f) can be relaxed down to 3.2 for 15KHz SCS while meeting 10Mbps target bitrate
· constraint (vLayers·Qm·f) can be relaxed down to 3.2 for 30KHz SCS while meeting 10Mbps target bitrate if the number of RBs is increase to 12
· There is no RAN1 spec impact for UE peak rate reduction.
· Standalone UE peak rate reduction is beneficial for typical Dual-mode LTE-NR devices and early implementation/deployments
· Standalone UE peak rate reduction does not introduce additional UE types
· Differentiating constraint of vLayers·Qm·f is already supported in current spec without defining different UE types
Proposal: 
· Initial DL/UL BWP framework of Rel-17 RedCap is reused for Rel-18 eRedCap UEs with PR1
· RAN1 to decide how much the constraint (vLayers·Qm·f) is relaxed and provide the inputs to RAN2 for corresponding change of the spec (38.306)
· Consider further UE peak data rate reduction scheme (PR1) as both standalone feature and add-on feature on top of UE BB BW reduction scheme (BW3)
· Final decision on PR1 as standalone feature to be made in RAN#98

4. Reference
[1] [bookmark: _Ref101732775]RP-222675, “New WID on enhanced support of reduced capability NR devices,” RAN#97e, September, 2022
[2] [bookmark: _Ref106014886]RP-222207, TR 38.865 V1.0.0 Study on further NR RedCap UE complexity reduction,” RAN#97e, September, 2022
[3] [bookmark: _Ref101771508][bookmark: specType1][bookmark: specNumber][bookmark: specRelease]3GPP TR 38.875, “Study on support of reduced capability NR devices (Release 17)”
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