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[bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK6]RAN97e approved a new WID[1] on further NR RedCap UE complexity reduction. According to the objectives related to RAN1, the maximum baseband bandwidth of shared channels for eRedCap UE reduces from 20MHz to 5MHz. In this contribution, some impacts on further bandwidth reduction are discussed.
	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 for UE with UE BB bandwidth reduction as described above
· 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.
· An early indication can be configured by the network (FFS whether it can be the same as and/or separate from the early indication for Rel-17 RedCap).
· 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 focuses on SA mode and single connectivity with operation in a single band at a time.
· This WI considers all applicable duplex modes unless otherwise specified.



Discussions
[bookmark: OLE_LINK14][bookmark: OLE_LINK17]BB bandwidth reduction 
[bookmark: OLE_LINK10][bookmark: OLE_LINK8][bookmark: OLE_LINK11]According to the WID, the RF modules of eRedCap UE remain 20MHz the same as R17 RedCap UE, the BB bandwidth for PDSCH and PUSCH reduces to 5MHz, and the other physical channels and signals are still allowed to use a BWP up to the 20MHz. The bandwidth of 5MHz relates to a maximum contiguous of 25 RBs for SCS 15kHz and 11 RBs for SCS 30kHz. UE can only receive PRBs within the band whether the scheduled PRB is distributed or contiguous in the frequency domain. 
[bookmark: OLE_LINK12]Observation 1: The maximum contiguous PRBs in the frequency domain allocated for eRedCap UE is 25 for SCS 15kHz and 11 for SCS 30kHz.
[bookmark: OLE_LINK13][bookmark: OLE_LINK15][bookmark: OLE_LINK16]For FR1, the bandwidth for SSB and CORESET#0 in all configuration sets is no greater than 20MHz, so eRedCap UE has no problems with the SSB and Type0-PDCCH reception. In a cell supporting RedCap, when the bandwidth of UL BWP is larger than 20MHz, a separate initial BWP will be provided for RedCap UE. the eRedCap UE with 20MHz RF bandwidth can also share the initial BWP whose bandwidth in the cell. On the other hand, since we chose BW3 as the solution for bandwidth reduction, it may not be a good idea to use a separate BWP with a bandwidth less than 5MHz only for eRedCap UE, because it will introduce frequency segmentation problems.
Proposal 1: eRedCap UE should share the initial BWP with R17 RedCap UE.
[bookmark: OLE_LINK18][bookmark: OLE_LINK22]For PDSCH transmission, the DCI contains a field for VRB-to-PRB mapping indication. When VRB-to-PRB mapping is indicated as interleaved mapping, the PRBs allocated for the PDSCH will distribute in the whole BWP. if the BWP is wider than 5MHz, even if the number of allocated RBs in DCI is less than 25(for SCS 15kHz) or 11 (for SCS 30kHz), the contiguous PRB bandwidth covering all mapped RBs may be wider than 5MHz. Therefore, when gNB schedules PDSCH for eRedCap UE in a wider BWP, VRB-to-PRB interleaved mapping should be disabled.
Proposal 2: DL VRB-to-PRB interleaved mapping should be disabled when the BWP is wider than 5MHz.
[bookmark: OLE_LINK25]To avoid the performance degradation of common channels, the bandwidth of BWP configured for eRedCap can be up to 20MHz. To allocate PRBs not wide than 5MHz for the shared channel in the 20MHz BWP, some alternatives can be considered:
· the PRBs for shared channels are scheduled dynamically in the whole BWP 
· the PRBs for shared channels locate in a 5MHz bandwidth preconfigured in BWP
[bookmark: OLE_LINK28]With option1, the PRBs allocated for shared channels are scheduled in DCI, and gNB can allocate any PRBs for eRedCap UE in BWP. The exact location of the scheduled PRBs in the BWP is not known until the UE has completed DCI decoding and CRC verification. Until the DCI decoding is complete, the UE should buffer the entire BWP for the potential PRB allocated for PDSCH. 
[bookmark: OLE_LINK29]Using option2, a wider BWP can be segmented into several PRB blocks each no larger than 5MHz. the active block can be associated with the slot index, and the gNB always schedule resource within the active block. then UE can only buffer PRBs in the active block for shared channels in a slot .it can have more complexity reduction gain than option1. 
Proposal 3: Consider preconfigured PRB segmentation in BWP for eRedCap UE.
Peak data rate reduction
[bookmark: OLE_LINK30]According to the objectives of the WID, UE peak data rate reduction can be considered an additional feature of bandwidth reduction. By applying the evaluation formula for the approximate peak data rate for a band in 38.306[2], the peak data rates with maximum available RBs for eRedCap UE are listed in table 1.


Table1：
	
	
	15k/25RB
	30k/11RB

	f
	Qm
	DL
	UL
	DL
	UL

	1
	4
	13.3757
	14.3089
	11.7706
	12.5918

	0.8
	6
	16.0508
	17.1707
	14.1247
	15.1102

	0.75
	6
	15.0476
	16.0975
	13.2419
	14.1658

	0.4
	6
	8.0254
	 8.5853
	7.0624
	7.5551



[bookmark: OLE_LINK31]With the restriction of component  is no smaller than 4 by current spec, the minimal peak data is in the case with f =1 and Qm =4. The DL and UL peak data is around 13Mbps and 12Mbps which meet the requirement of Rel-18 RedCap targets of 10Mbps. Further relaxation of component  may cause excessive peak data reduction. 
[bookmark: OLE_LINK32]Proposal 4: No further  constraint relaxation is required for eRedCap UE. 
Early indication
R17 redcap UE can use msg1 or msg3 for early indication. The same principle can be reused for eRedCap UE. A separate PRACH resource can be configured for eRedCap UE feature and a separate logical channel ID can be assigned for eRedCap UE to identify the UE type in msg3. 
Proposal 5: Early indication framework for RedCap can be reused for eRedCap UE.
Coverage recovery
In TR 38.865 for eRedCap UE study, the summary for coverage of different complexity reduction solutions shows great coverage degradation in some channels.
	From the above comparison on broadcast channel coverage differences between the potential Rel-18 UE and the reference Rel-15 NR/Rel-17 RedCap UEs, the following observations can be made for complexity reduction options BW1, BW2, BW3, and PR3: 
-	Coverage difference is larger in Urban scenario (30 kHz SCS) than in Rural scenario (15 kHz SCS) due to a smaller RB number with 30 kHz SCS within 5MHz bandwidth.
-	In Urban scenario (30 kHz SCS), the coverage difference is the largest for SIB1 and the smallest for PBCH, with PDCCH CSS (48 RBs) in the middle.
-	For SIB1 (>5MHz), coverage degradation of 11.24 dB is observed with BW1, BW2, BW3 and PR3 options compared to Rel-17 RedCap UE.	
-	For PDCCH (AL16 and 48 RBs), coverage degradation of 8.91 dB is observed with BW1 and BW2 options compared to Rel-17 RedCap UE	
-	For PBCH (20 RBs), coverage degradation of 5.05 dB (2.51 dB) is observed with BW1 and BW2 options without RF retuning (with RF retuning) compared to Rel-17 RedCap UE. 
-	It is noted that BW3 and PR3 do not cause coverage degradation to PBCH and PDCCH compared to Rel-17 RedCap UE. 
For broadcast channels with large coverage differences such as SIB1, the potential Rel-18 UE may utilize additional processing/combining to compensate the coverage difference when considering coexistence and minimizing impact on legacy UEs.


[bookmark: OLE_LINK33]Because only the bandwidth reduction scheme of the shared channel is accepted by the WI, the PBCH/PDCCH for eRedCap UE still can have the same bandwidth used for reference UE and has no coverage degradation. but when the SIB1 is allocated bandwidth wider than 5MHz, it still has great coverage degradation. 
One solution is that the gNB always schedules SIB1 with PRBs not wider than the maximum bandwidth of eRedCap UE. It takes some negative impact on flexibility. But in most cases, it may not be a big issue. 
Another solution is that a separate SIB1 can be provided for eRedCap UE. As many features such as CA/IAB/URLLC are not supported by RedCap/eRedCap UE, the separate SIB can only include essential configurations for eRedCap UE which may have a smaller size, and the separate SIB1 can be always scheduled within 5MHz. In this case, the gNB has the flexibility to schedule the SIB1 for legacy UE, and eRedCap still can coexist with other types of UEs in one cell.
[bookmark: OLE_LINK35][bookmark: OLE_LINK34][bookmark: OLE_LINK7]The third solution is up to UE implementation. Since the SIB1 always repeat in the time domain, UE can do soften combination on multiple occasions to get better coverage, either when SIB1’s bandwidth is wider or less than 5MHz. This solution may have a small impact on UE complexity, such as larger buffer requirement for soft combination, additional latency for SIB1 reception, etc.
[bookmark: OLE_LINK170][bookmark: OLE_LINK171][bookmark: OLE_LINK23][bookmark: OLE_LINK24]Observation 2: Solutions for SIB1 coverage recovery require a trade-off between flexibility and complexity.
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: The maximum contiguous PRBs in the frequency domain allocated for eRedCap UE is 25 for SCS 15kHz and 11 for SCS 30kHz.
Observation 2: Solutions for SIB1 coverage recovery require a trade-off between flexibility and complexity.
Proposal 1: eRedCap UE should share the initial BWP with R17 RedCap UE.
Proposal 2: DL VRB-to-PRB interleaved mapping should be disabled when the BWP is wider than 5MHz.
Proposal 3: Consider preconfigured PRB segmentation in BWP for eRedCap UE.
Proposal 4: No further  constraint relaxation is required for eRedCap UE. 
Proposal 5: Early indication framework for RedCap can be reused for eRedCap UE.
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