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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN #97-e meeting, the WID on support of reduced capability NR devices was approved in [1]. Following are the objectives:
	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.
· [bookmark: _Hlk114401059]UE peak data rate reduction
· [bookmark: _Hlk114501768][bookmark: _Hlk114588639]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.
· [bookmark: _Hlk114583918]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.
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
· [bookmark: _Hlk114587752]Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



In this contribution, we provide our views on UE complexity reduction features, early identification for Rel-18 RedCap UE and related specification impacts. 

2. UE BB bandwidth reduction 
About UE bandwidth reduction to 5MHz, BW3 was selected as one objective for the Rel-18 eRedCap WI. During the SI phase for BW3, following aspects were captured in TR 38.865 [2]:
	[bookmark: _Hlk114559869]Option BW3: 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.
For the above bandwidth reduction options, the following aspects are considered:
-	The resource allocation spans a bandwidth of maximum 5 MHz.
-	The same option is used for UL and DL.
-	The same option is used for idle/inactive and connected mode.
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
[bookmark: _Hlk114564275][bookmark: _Hlk114474139]Note 1: BW3 may have different degrees of impacts on the post-FFT data buffering depending on the scheduling aspects (cross-slot scheduling, RF retuning, etc.).


However, during the discussion in RAN#97-e meeting, companies still have different assumptions or understandings on the definition of BW3, especially on the bandwidth for UE’s Post-FFT data buffering e.g. 20MHz or smaller than 20MHz like 5MHz, and how the 5 MHz BB bandwidth is used for broadcast PDSCH, e.g. SIB1 transmission or reception/processing [3]. In the following, we provide our views on these aspects.
Bandwidth for UE’s Post-FFT data buffering
As noted in above Note 1, depending on the scheduling aspects (cross-slot scheduling, RF retuning, etc.), during SI, different assumptions/options on the bandwidth for Post-FFT data buffering are used which would have different impacts as discussed in the following.
· [bookmark: _Hlk114650011][bookmark: _Hlk114567192]Option 1: The bandwidth for Post-FFT data buffering is 5MHz. 
For option 1, UE should know where the 5MHz BB bandwidth is for data reception. In order to achieve this, the locations for the 5MHz BB bandwidth can be always fixed within a carrier, or the locations for the 5MHz BB bandwidth can be hopped within the carrier based on the predefined hopping pattern. Then the UE can know the locations including the starting PRB for the 5MHz BB bandwidth before PDCCH decoding. From NW perspective, this option has significant scheduling/configuration restrictions especially for broadcast PDSCHs shared by non-RedCap UEs, Rel-17 and Rel-18 RedCap UEs. From specification perspective, defining the fixed locations or hopping patterns involve large specification efforts. However, option 1 has less impacts at the UE side.
Observation 1: Option 1 assumes the bandwidth for Post-FFT data buffering is 5MHz which reduces the most cost for Post-FFT data buffering. Solutions can be fixing the location or predefining the hopping patterns for the 5MHz BB bandwidth within one carrier, which is expected to have significant scheduling/configuration restrictions and specification impacts, but less UE impacts. 
· Option 2: The bandwidth for Post-FFT data buffering is smaller than 20MHz. 
For option 2, the bandwidth for the post-FFT data buffering would be variant but smaller than 20MHz, which depends on the time needed for successful PDCCH decoding. For example, during the SI, some companies assumed cross-slot scheduling is used so that the bandwidth for Post-FFT data buffering can be made small to 5MHz; while some companies assumed UE need to buffer 20MHz bandwidth for a few symbols (e.g. 5 symbols out of 14 symbols per slot) accounting for PDCCH transmission and additional time required to decode PDCCH [4]. For this assumption, the bandwidth for the post-FFT data buffering would be larger than 5MHz but smaller than 20MHz. Comparing between the cross-slot scheduling vs. defining the required time for PDCCH decoding, cross-slot scheduling is already support in Rel-16, hence it has less specification impacts. However, cross-slot scheduling cannot be used for SIB1/OSIs transmission, since the K0 in the default PDSCH time domain allocation A always equals to 0. Although PDCCH is expected to be decoded fast, it is implementation dependent, it may not be easy to converge the exact and same value for PDCCH decoding time, resulting more specification efforts. 
Observation 2: Option 2 assumes the bandwidth for Post-FFT data buffering is smaller than 20MHz which can reduce some cost for Post-FFT data buffering. Solutions that cross-slot scheduling cannot be used for SIB1/OSIs transmission and that PDCCH decoding time is not defined in current specification.    
· [bookmark: _Hlk114668438]Option 3: The bandwidth for Post-FFT data buffering is 20MHz. 
[bookmark: _Hlk114579638]For option 3, the UE can do Post-FFT data buffering up to 20MHz in all OFDM symbols, hence no cost saving for Post-FFT data buffering compared to Rel-17 RedCap UE. Consequently, there would be no cost reduction difference between BW3 and PR3 (the total number of allocated PRBs is 25 or 11 for SCS 15 or 30kHz). Conversely, BW3 is worse than PR3 from resource allocation perspective, since PR3 allows the resource allocation span a bandwidth of maximum 20MHz, while BW3 only support the resource allocation  span a bandwidth of maximum 5MHz.  
[bookmark: _Hlk114650987][bookmark: _Hlk114650834]Observation 3: Option 3 assumes the bandwidth for Post-FFT data buffering is 20MHz which can NOT reduce the cost for Post-FFT data buffering. However, option 3 is simplest and does not require to further discuss the solutions and specification impacts to reduce the cost for Post-FFT data buffering.  
Observation 4: In case BW3 assumes the bandwidth for Post-FFT data buffering is 20MHz, it has no cost reduction difference compared to PR3. Conversely, BW3 would be inferior to PR3 from resource allocation perspective.
[bookmark: _Hlk114734761]Proposal 1: 20MHz as the bandwidth for Post-FFT data buffering is preferred. 
Proposal 2: It is suggested that RAN1 reconsider to support PR3 for further reduced UE complexity in FR1.
· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
-	For 15 kHz SCS, the maximum number of RBs is 25.
-	For 30 kHz SCS, the maximum number of RBs is 11.
-	The restricted number of PRBs in Option PR3 is a hardcoded limit.

[bookmark: _Hlk114679289]5 MHz BB bandwidth for broadcast PDSCH
For BW3, the 5 MHz BB bandwidth is also applied for broadcast PDSCH, the implications especially for the SIB1 transmission or reception/processing should be clarified. We see following interpretations. 
· [bookmark: _Hlk114679626]Interpretation 1: The frequency domain resource allocation for SIB1 transmission cannot exceed 5MHz.  
Interpretation 1 means the network cannot schedule more than 25 PRBs with 15KHz SCS or 11PRBs with 30KHz SCS for SIB1 transmission. Cons this interpretation is it has co-existence impacts on the non-RedCap UEs and Rel-17 RedCap UEs if the SIB1 is shared among all UEs. Pros is the Rel-18 eRedCap UE behavior is simple.To avoid the impacts for non-RedCap and Rel-17 RedCap UEs, separate SIB1 for Rel-18 eRedCap can also be considered. 
Observation 5: If the interpretation for the 5 MHz BB bandwidth is the network cannot schedule more than 25 PRBs with 15KHz SCS or 11PRBs with 30KHz SCS for SIB1, it has co-existence impacts in case the broadcast PDSCH is shared among all UEs. 

· Interpretation 2: The frequency domain resource allocation for SIB1 transmission can exceed 5MHz, Rel-18 eRedCap UE is not required to receive the bandwidth outside the 5MHz. 
Interpretation 2 is friendly for network side and co-existence with the non-RedCap UEs and Rel-17 RedCap UEs. However, during SI, different behaviors for Rel-18 eRedCap UE receiving SIB1 are discussed in case the number of the allocated PRBs for SIB1 transmission is larger than 25 for 15KHz SCS or 11 for 30kHz SCS, which may or may not have specification impacts. It is necessary to the Rel-18 eRedCap UE behavior.    
UE behavior 1: one-shot SIB1 reception with puncturing the PRBs that exceeding the 5MHz. 
For UE behavior 1, the coverage loss for SIB1 transmission is 11.24 dB for 2.6GHz and 3.93 dB for 0.7GHz as observed in TR 38.865 [2] when puncturing is performed. Although the coverage loss is big for partial SIB1 reception, SIB1 is not the bottleneck channel for coverage. UE behavior 1 is simple, but clarification is needed on which PRBs a Rel-18 eRedCap UE should receive and which PRBs the UE should do the puncturing in case the bandwidth for Post-FFT data buffering can be larger than 5MHz, e.g. option 2 and 3 discussed in section 2.1 for Post-FFT data buffering bandwidth. Alternatively, leaving to UE implementation to decide which PRBs to receive or puncture can be considered as one option.  
 
UE behavior 2: multiple SIB1 receptions and combinations. 
For UE behavior 2, the SIB1 coverage performance can be improved if the UE receives and combines the SIB1 repetitions multiple times. Different SIB1 reception schemes can be considered. For example, the same portion of SIB1 within 5MHzor different portions of 5MHz for SIB1 can be soft combined, which increases UE processing complexity. Generally, SIB1 transmission is repeated in nature with default 20ms periodicity. However, it requires the network to ensure the same TBS for the multiple SIB1 repetitions.  
UE behavior 3: one-shot SIB1 reception with buffering all the PRBs used for SIB1 transmission and relaxing the time for SIB1 processing. 
To enable UE behavior 3 for SIB1 reception and processing, the bandwidth for Post-FFT data buffering is required to be 20MHz, i.e., option 3 discussed in section 2.2. At UE side, the UE can buffer all the PRBs used for SIB1 transmission, while the baseband processing is limited to 5MHz. In order to processing all the PRBs allocated to SIB1 transmission at the UE side, more time is needed. But for SIB1 processing, there is no HARQ-ACK feedback and no timing requirement, defining the exact relaxed timing for SIB1 reception may not be needed. 

Observation 6: If the interpretation for the 5 MHz BB bandwidth for broadcast PDSCH is that the network can schedule more than 25 PRBs with 15KHz SCS or 11PRBs with 30KHz SCS for broadcast PDSCH, following different UE behaviors for receving broadcast PDSCH are foreseen:
· UE behavior 1: One-shot SIB1 reception with puncturing the PRBs that exceeding the 5MHz. 
· Clarification is needed on whether the PRBs that the UE should puncture need to be defined or can be left to UE implementation in case the 5MHz bandwidth is not predefined in one carrier.  
· UE behavior 2: Multiple SIB1 receptions and combinations with/without RF retuning. 
· NW needs to ensure the same TBS for multiple SIB1 transmissions. 
· UE behavior 3: One-shot SIB1 reception with buffering all the PRBs used for SIB1 transmission and relaxing the time for SIB1 processing.
· It requires the bandwidth for Post-FFT data buffering to be 20MHz.
· Defining the relaxed timing for SIB1 processing may not be needed. 

Proposal 3: Following options can be down-selected for Rel-18 eRedCap 5 MHz BB bandwidth for broadcast PDSCH
· Option 1: The frequency domain resource allocation for SIB1 transmission cannot exceed 5MHz. 
· Separate SIB1 for Rel-18 eRedCap can be considered.
· Option 2: The frequency domain resource allocation for SIB1 transmission can exceed 5MHz with clarifying the UE reception behavior and the related specification impacts if any.

3. UE peak data rate reduction
For UE peak data reduction, PR1 that relaxation of the current constraint (vLayers·Qm·f ≥ 4) was agreed to be supported. One issue needs to be discussed for PR1 is the determination for the relaxed constraint value.
During the SI, the constraint value was relaxed from 4 to 1 with the assumption that the BB bandwidth is 20MHz to achieve around 14Mbps and 15Mbps for DL and UL peak data rate, which means the PR1 works standalone. If PR1 cannot work as standalone, it should work as an add on feature and limited to UE BB bandwidth reduction to 5MHz, Table 1 shows the combination for modulator order, scaling factor and achieved target peak data rate for Rel-18 eRedCap with 5MHz (11PRBs) using 30KHz SCS, 1Rx, 1 layer and 64QAM.  
Table 1: the supported target peak data rate by the corresponding scaling factor and modulation order
	DL/UL Peak Data rare 
	SF=1 
	SF=0.8
	SF=0.75
	SF=0.4

	64QAM =6
	17.66Mbps/18.89Mbps
(Constraint= 6)
	14.15Mbps/15.11Mbps
(Constraint= 4.8)
	13.26Mbps/14.17Mbps
(Constraint= 4.5)
	7.07Mbps/7.56Mbps
(Constraint= 2.4)

	16QAM = 4
	11.78Mbps/12.60Mbps
(Constraint= 4)
	9.43Mbps/10.07Mbps
(Constraint= 3.2)
	8.84Mbps/9.45Mbps
(Constraint= 3)
	4.72Mbps/5.04Mbps
(Constraint= 1.6)

	QPSK = 2
	5.89Mbps/6.30Mbps
(Constraint= 2)
	4.72Mbps/5.04Mbps
(Constraint= 1.6)
	4.42Mbps/4.72Mbps
(Constraint= 1.5)
	2.35Mbps/2.52Mbps
(Constraint= 0.8)

	BPSK = 1 
	2.94Mbps/3.15Mbps
(Constraint= 1)
	2.35Mbps/2.52Mbps
(Constraint= 0.8)
	2.21Mbps/2.36Mbps
(Constraint= 0.75)
	1.18Mbps/1.26Mbps
(Constraint= 0.4)


As highlighted in Table 1, to achieve the target peak data rate 10Mbps, if PR1 works as the add-on feature with 5MHz BB bandwidth, the smallest constraint value is 4, which means the constraint vLayers·Qm·f cannot be relaxed.  
Observation 7: To achieve 10Mbps peak data rate, 
· If PR1 works as a standalone feature, for the RedCap UE with maximum 20MHz BB bandwidth, the constraint (vLayers·Qm·f ) can be relaxed from 4 to 1. 
· If PR1 works as an add-on feature with UE BB bandwidth reduction to 5MHz, the existing constraint vLayers·Qm·f ≥ 4 should be kept.
4. Early identification for Rel-18 RedCap  
For Rel-18 RedCap UE early identification, we think the same early identification as Rel-17 can be reused. About whether to support the separate early identification for Rel-18 eRedCap, further discussion is needed to have common understanding for the usage and benefits to distinguish Rel-17 RedCap UE and Rel-18 RedCap UE. 
From our understanding, allowing the distinguish between Rel-17 and Rel-18 RedCap is mainly motivated by transmission bandwidth restriction for MSG2 and MSG4, e.g. NW can ensure that the scheduled number of PRBs for MSG2 and MSG4 for Rel-18 eRedCap UE do not exceed 5MHz. For other broadcast PDSCHs like SIB1, OSIs etc., the separate early indentation for Rel-18 eRedCap cannot be the solution for the NW to determine whether/when the frequency domain resource allocation for these broadcast PDSCHs can exceed 5MHz. Then for MSG2/MSG4 transmission, as shown in clause 8.2 of [2], MSG2 and MSG4 are not bottleneck channels from coverage perspective. NW can has the full flexibility to decide whether the scheduled number of PRBs for MSG2 and MSG4 exceeds 5MHz or not for both Rel-17 and Rel-18 RedCap UEs. When the scheduled number of PRBs exceeds 5MHz, Rel-18 eRedCap can adopt the same reception behavior as for receiving SIB1 as discussed in section 2.2. NW can identify the Rel-18 eRedCap after MSG4 based on UE capability reporting, then for unicast data transmission and reception, NW can ensure the scheduled bandwidth is within 5MHz. On the other hand, the introduced separate early identification will make the gNB scheduling more complex and PRACH resources be more fragmented. Therefore, no strong justification is found to support the separate early indication for Rel-18 RedCap UEs.
Proposal 4: Separate early identification for Rel-18 eRedCap is not supported.

5. Conclusion
This contribution discusses complexity reduction features and early identification aspect for Rel-18 enhanced RedCap devices. The observations and proposals are summarized as following:

Observations:
Observation 1: Option 1 assumes the bandwidth for Post-FFT data buffering is 5MHz which reduces the most cost for Post-FFT data buffering. Solutions can be fixing the location or predefining the hopping patterns for the 5MHz BB bandwidth within one carrier, which is expected to have significant scheduling/configuration restrictions and specification impacts, but less UE impacts. 
Observation 2: Option 2 assumes the bandwidth for Post-FFT data buffering is smaller than 20MHz which can reduce some cost for Post-FFT data buffering. Solutions that cross-slot scheduling cannot be used for SIB1/OSIs transmission and that PDCCH decoding time is not defined in current specification.    
Observation 3: Option 3 assumes the bandwidth for Post-FFT data buffering is 20MHz which can NOT reduce the cost for Post-FFT data buffering. However, option 3 is simplest and does not require to further discuss the solutions and specification impacts to reduce the cost for Post-FFT data buffering.  
Observation 4: In case BW3 assumes the bandwidth for Post-FFT data buffering is 20MHz, it has no cost reduction difference compared to PR3. Conversely, BW3 would be inferior to PR3 from resource allocation perspective.
Observation 5: If the interpretation for the 5 MHz BB bandwidth is the network cannot schedule more than 25 PRBs with 15KHz SCS or 11PRBs with 30KHz SCS for SIB1, it has co-existence impacts in case the broadcast PDSCH is shared among all UEs. 
Observation 6: If the interpretation for the 5 MHz BB bandwidth for broadcast PDSCH is that the network can schedule more than 25 PRBs with 15KHz SCS or 11PRBs with 30KHz SCS for broadcast PDSCH, following different UE behaviors for receving broadcast PDSCH are foreseen:
· UE behavior 1: One-shot SIB1 reception with puncturing the PRBs that exceeding the 5MHz. 
· Clarification is needed on whether the PRBs that the UE should puncture need to be defined or can be left to UE implementation in case the 5MHz bandwidth is not predefined in one carrier.  
· UE behavior 2: Multiple SIB1 receptions and combinations with/without RF retuning. 
· NW needs to ensure the same TBS for multiple SIB1 transmissions. 
· UE behavior 3: One-shot SIB1 reception with buffering all the PRBs used for SIB1 transmission and relaxing the time for SIB1 processing.
· It requires the bandwidth for Post-FFT data buffering to be 20MHz.
· Defining the relaxed timing for SIB1 processing may not be needed. 
Observation 7: To achieve 10Mbps peak data rate, 
· If PR1 works as a standalone feature, for the RedCap UE with maximum 20MHz BB bandwidth, the constraint (vLayers·Qm·f ) can be relaxed from 4 to 1. 
· If PR1 works as an add-on feature with UE BB bandwidth reduction to 5MHz, the existing constraint vLayers·Qm·f ≥ 4 should be kept.

Proposals:
Proposal 1: 20MHz as the bandwidth for Post-FFT data buffering is preferred. 
Proposal 2: It is suggested that RAN1 reconsider to support PR3 for further reduced UE complexity in FR1.
· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
-	For 15 kHz SCS, the maximum number of RBs is 25.
-	For 30 kHz SCS, the maximum number of RBs is 11.
-	The restricted number of PRBs in Option PR3 is a hardcoded limit.
Proposal 3: Following options can be down-selected for Rel-18 eRedCap 5 MHz BB bandwidth for broadcast PDSCH
· Option 1: The frequency domain resource allocation for SIB1 transmission cannot exceed 5MHz. 
· Separate SIB1 for Rel-18 eRedCap can be considered.
· Option 2: The frequency domain resource allocation for SIB1 transmission can exceed 5MHz with clarifying the UE reception behavior and the related specification impacts if any.

Proposal 4: Separate early identification for Rel-18 eRedCap is not supported.
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