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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]In RAN95, a new SID[1] on further NR RedCap UE complexity reduction was approved. In this SID, further expansion for RedCap use cases with relatively low cost, low energy consumption is pursued. The maximum bandwidth for eRedCap devices will be reduced to 5MHz and lower peak data rates are targeted. In the first round of discussions on the SID at the RAN1-109e meeting[2], candidate solutions are listed for further study. Performance and specifications impacts for these solutions are discussed in this contribution.
	Agreement 
[bookmark: OLE_LINK13][bookmark: OLE_LINK15]For cost reduction estimation, the detailed cost breakdown for the Rel-15 reference NR devices (as provided in Table 6.1-1 in TR 38.875) is reused.
Agreement 
For comparison with a Rel-17 baseline when evaluating the potential Rel-18 UE complexity reduction features,
· The Rel-17 RedCap UE supports 20 MHz, 1 Rx, 1 layer, DL 64QAM, UL 64QAM, FDD or TDD.
· In addition, optional results for the following comparisons can also be reported:
· Results for HD-FDD UEs
· Results for UEs with 2 Rx
· In all comparisons, the UEs being compared have the same number of antenna branches, the same number of layers, the same maximum supported modulation order, and the same duplex mode (among HD-FDD, FD-FDD, and TDD).

Agreement
· The following options for relaxed UE processing timeline will be studied:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.
Agreement
· In Option PT1, the relaxation factor for N1 and N2 is 2.
· In Option PT2, the relaxation factor for Z and Z’ is 2.
· The combination of Options PT1 and PT2 is also studied.

Agreement
· The following options for further UE bandwidth reduction can be studied:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· 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.
· In addition, optional results for the following option can also be reported:
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL. 
· At least the following cases are studied:
· The resource allocation spans a bandwidth of maximum 5 MHz (Maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.
 
Agreement
· The following options for further UE peak rate reduction can be studied:
· Option PR1: Relaxation of the constraint   for peak data rate reduction.
· Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
· At least the following cases are studied:
· The studied peak rate reduction applies to both UE-specific (unicast) and common (broadcast) channels.
· The resource allocation spans a bandwidth of maximum 20 MHz (maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.


Agreement
· The impact on memory size/cost/complexity (external to the RF and BB parts) from the studied UE complexity reduction features can be considered in the study.
· This potential impact will not be included in the quantitative UE complexity reduction estimates.
· L2 buffer size assumptions can be based on TS 38.306 clause 4.1.4 (“Total layer 2 buffer size for DL/UL”).
· FFS whether/how to capture in the TR
 
Agreement
For each potential Rel-18 further UE complexity reduction feature, at least the following aspects will be studied:
· UE complexity reduction
· Performance impacts [details FFS]
· Network deployment and coexistence impacts [details FFS]
· [bookmark: OLE_LINK25][bookmark: OLE_LINK28]Specification impacts
 
Agreement
· The restricted number of PRBs in Option PR3 is a hardcoded limit.
 
Agreement
· For Options BW1,
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW2,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW3,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· Relevant assumptions (e.g., regarding potential scheduling restrictions) should be reported.
 
Agreement
· [bookmark: OLE_LINK130][bookmark: OLE_LINK131]For Option PR1,
· The relaxed constraint is 1 (instead of 4).
· Other values for the relaxed constraint that meet the 10-Mbps peak rate target can optionally be studied.
· The parameters ([image: ../../../../../../../Users/cmcc/AppData/Roaming/Foxmail7/Temp-9192-20220519203036/Attach/image001(05-19-20-35-18)(1).png], [image: ../../../../../../../Users/cmcc/AppData/Roaming/Foxmail7/Temp-9192-20220519203036/Attach/image002(05-19-20-35-18)(1).png], [image: ../../../../../../../Users/cmcc/AppData/Roaming/Foxmail7/Temp-9192-20220519203036/Attach/image003(05-19-20-35-18)(1).png]) [38.306] can be as in Rel-17 RedCap.
· For Option PR2,
· For 15 kHz SCS, the maximum TBS is 10000 bits per TB and per slot.
· For 30 kHz SCS, the maximum TBS is 5000 bits per TB and per slot.
· For Option PR3,
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11.
· Other number of RBs that meet the 10-Mbps peak rate target can optionally be studied.
· Note: It is not precluded to report results also for other values.
· Relevant assumptions (e.g., regarding potential limitations of the TBS sum in case of more than one simultaneous TB) should be reported.
 
Agreement
· UE complexity reduction is studied for the following combinations:
1. Reference case (Rel-17 RedCap UE)
2. BW1 + PT1 + PT2
3. BW3 + PT1 + PT2
4. PR1 + PT1 + PT2
5. PR3 + PT1 + PT2
· In addition, optional results for the following combinations can also be reported:
1. BW1 + PT1
2. BW3 + PT1
3. PR1 + PT1
4. PR3 + PT1
5. BW2 + PT1 + PT2
6. PR2 + PT1 + PT2




Discussions
[bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK138]In the RAN1-109-e meeting, the solutions for UE complexity reduction have been discussed and concentrated into two aspects: bandwidth reduction and peak data reduction and all solutions can be combined with/without time relaxation. In this contribution, we discuss them respectively.
[bookmark: OLE_LINK14][bookmark: OLE_LINK17]Discussion on UE bandwidth reduction 
At the last meeting, BW1/2/3 with different assumptions of restriction on BB/RF modules were presented for further study for bandwidth reduction in the FR1 band. In this section, these solutions are discussed in terms of reduction gain, coexistence, and spec impact.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]UE complexity reduction
It has been agreed that the detailed cost breakdown provided in Table 6.1-1 in TR 38.875[3] is reused for R18 redcap complexity reduction estimation. Based on the functional block categories in 38.875, we have listed in Table 1 the contribution of each module of the three options to reducing complexity
Table1:
	Functional block
	BW1
	BW2
	BW3

	RF

	Power amplifier
	Y
	N
	N

	Filters
	Y
	N
	N

	RF transceiver (including LNAs, mixer, and local oscillator)
	-
	-
	-

	Duplexer / Switch
	-
	-
	-

	Baseband

	ADC / DAC
	Y
	Y
	N

	FFT/IFFT
	Y
	Y
	N

	Post-FFT data buffercing
	Y
	Y
	N

	Receiver processing block
	Y
	Y
	Y

	LDPC decoding
	Y
	Y
	Y

	HARQ buffer
	Y
	Y
	Y

	DL control processing & decoder
	Y
	Y
	N

	Synchronization / cell search block
	Y
	Y
	N

	UL processing block
	Y
	Y
	Y

	MIMO specific processing blocks
	Y
	Y
	Y



Option BW1 has the hardest restriction with the maximum bandwidths of both RF and BB blocks limited to 5 MHz for all UL/DL signals and channels. All modules can reduce complexity more or less when bandwidth is limited from 20MHz to 5MHz. 
Option BW3 only has bandwidth limitation on the PUSCH and PDSCH channels, and the complexity reduction gain of this option can be found in data channel-related processing, i.e. LDPC decoding, receiver processing block, HARQ buffer, etc. Option BW2 further limits the bandwidth of the control channels compared to option BW3, which may get more gains in common baseband modules.
If no new features are introduced to enhance these options, such as fast retuning/multiple active BWP, which may take additional complexity factors, we can see the BW1 may have slightly better complexity reduction gains in three solutions. And all options have clear gain sources from the bandwidth reduction.
Performance impacts
[bookmark: OLE_LINK139][bookmark: OLE_LINK140]It’s agreed that 25 contiguous RBs are assumed for 15 kHz SCS, and 11 contiguous RBs are assumed for 30 kHz SCS to fit within the 5 MHz for all BW options. In this section, we discuss the performance impact on channels and signals with BW options. Since BW1 and BW2 have the same limitations in baseband, we assume the BW2 has the same performance as BW1 if no new feature (e.g. fast retuning) for BW2 is introduced. 
· SSB
[bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK141][bookmark: OLE_LINK142]In NR, the SSB always occupies 20 RB in place. As the available RBs for channels are 25 with SCS 15 and 11 with SCS 30 for options BW1, only SSB with SCS 15kHz can be received by R18 redcap UE without performance degradation. If 30kHz SCS SSB is configured, nearly half of REs will be punctured and 3dB performance loss can be assumed for option BW1. 
Option BW3 has no performance impact because it assumes the maximum channel bandwidth remains 20MHz for SSB.
	
	BW1
	BW3

	SSB with 15kHz SCS
	No impact
	[bookmark: OLE_LINK33][bookmark: OLE_LINK34]No impact

	SSB with 30kHz SCS
	3dB loss
	No impact



· PDCCH
[bookmark: OLE_LINK145][bookmark: OLE_LINK146]For CORESET0, only configuration with SCS 15kHz and 24 RB can accommodate the 5MHz bandwidth. 
For other CORESET, when SCS 30kHz and 12 RB bandwidth are configured, about 0.4dB performance degradation can be the assumption for only 11 RB is available for option BW1.
	
	BW1
	BW3

	CORESET0
	[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Only support AL4/8 with 15kHz SCS and 24RB
	[bookmark: OLE_LINK37][bookmark: OLE_LINK38]No impact

	Other 
	0.4dB loss if 12RB and SCS 30kHz are configured for CORESET.
	No impact



· PRACH
Some PRACH preamble will have performance degradation when the BWP has only 11 available RBs for option BW1. 
	Channel and signals
	BW1
	BW3

	PRACH preamble with LRA 839 and fRA 1.25kHz 
	No impact
	No impact	

	PRACH preamble with LRA 839 and fRA 5kHz 
	[bookmark: OLE_LINK39][bookmark: OLE_LINK40]0.4dB loss for SCS 30kHz BWP
	No impact

	PRACH preamble with LRA 139 and fRA 15kHz
	No impact
	No impact

	PRACH preamble with LRA 139 and fRA 30kHz
	0.4dB loss for SCS 30kHz BWP
	No impact



· PUCCH
[bookmark: OLE_LINK46][bookmark: OLE_LINK47]PUCCH format 2/3/4 can be configured with up to 16 RBs. When only 11 RB is available, the capacity of UCI will be limited.
	Channel and signals
	BW1
	BW3

	PUCCH format 0/1
	No impact
	No impact

	PUCCH format 2/3/4
	UCI capacity will be limited
	No impact



· CSI-RS
For legacy UEs, the minimal number of RBs configured for CSI-RS is 24. If available RBs for CSI-RS are only 11RB when 30kHz SCS is configured for BWP, it will have a negative impact on channel quality measurement.
	Channel and signals
	BW1
	BW3

	CSI-RS
	accuracy loss for SCS 30kHz
	No impact



· PDSCH/PUSCCH
[bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: OLE_LINK66][bookmark: OLE_LINK67]The performance of PDSCH/PUSCH of all options will be impaired. Besides peak data rate reduction, frequency diversity gain may be lost when fewer PDSCH or PUSCH PRBs is applied. And the channel estimation accuracy may be slightly impaired for fewer DMRS resources. 
Network deployment and coexistence impacts
For FR1, all bandwidths of SSB and CORESET0 are not larger than 20MHz, so RedCap UE with option BW3 have no issues on the SSB and Type0-PDCCH reception with sharing CORESET0/SSB with legacy UEs. 
[bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK151][bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK149][bookmark: OLE_LINK150]For some common procedures, even though gNB might not have known about the UE type at the time, it is not a big issue for R18 RedCap in coexistence with legacy UE. In Table2, resources allocation with typical configuration for PDSCH/PUSCH in SIB1 and RA procedure are listed, we can see that the RB requirements for these cases are all not larger than the number of available RBs within 5MHz.  
Table 2: resource allocation for some messages with typical parameters
	
	SIB1/PDSCH
	Msg2/PDSCH
	Msg3/PUSCH
	Msg4/PDSCH

	TBS
	1256 bits
	72 bits
	56bits
	1040 bits

	Scaling factor
	-
	0.5
	-
	-

	PDSCH Symbols
	12
	12
	14
	12

	DMRS symbols
	3
	3
	3
	3

	MCS
	MCS 3 for SCS 15k and MCS 8 for SCS 30k
	MCS 0 for SCS 15k and MCS 1 for SCS 30k
	MCS 0
	MCS 3 for SCS 15k and MCS 6 for SCS 30k

	RBs
	20 for SCS 15k and 10 for SCS 30k
	6 for SCS 15k and 5 for SCS 30k
	4
	20 for SCS 15k and 11 for SCS 30k


[bookmark: OLE_LINK152][bookmark: OLE_LINK153]For PDSCH transmission, a field for VRB- to-PRB mapping indication is included in DCI. When VRB-to-PRB mapping is indicated as interleaved mapping, the PRBs allocated for the PDSCH will distribute in the whole band; if the BWP is wider than 5MHz, even the number of allocated RBs in DCI is less than 25 for SCS 15kHz or 11 for SCS 30kHz, the contiguous band covering all mapped PRBs may be wider than 5MHz. A simple solution can be that the gNB does not use VRB-to-PRB interleaved mapping for PDSCH scheduling before the UE type is acknowledged by the gNB. 
[bookmark: OLE_LINK154][bookmark: OLE_LINK155][bookmark: OLE_LINK156][bookmark: OLE_LINK157]With option BW1/2, only CORESET 0 with a configuration of 15kHz SCS and 24 RB does not exceed the maximum bandwidth of UEs. To keep coexistence with R18 redcap UE, only a few SSB/CORESET configurations can be applied for the cell, which undermines the flexibility of network deployment. To keep the configuration freedom for legacy UE, a separate SSB/CORESET0 can be introduced for R18 redCap UEs using option BW1/2, gNB may acknowledge the UE type by early indication in msg1 and allocate PDSCH/PUSCH resource following the bandwidth restriction of R18 redcap UEs.
Specification impacts
[bookmark: OLE_LINK158][bookmark: OLE_LINK159]Since many common signals/channels in NR have frequency ranges greater than 5 MHz, if we don't want to have a big limit on network deployment, the specification impacts of using option BW1 to adapt to the R18 redCap UE will be significant.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK56][bookmark: OLE_LINK57]If option BW3 is adopted, where RF modules and all control channels keep 20MHz, the specification impact may be slighter, where only PDSCH/PUSCH needs to be considered. 
Summary
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]From these analyses, we consider BW3 may be a better solution for R18 redcap bandwidth reduction, which has clear complexity reduction gain and the slightest specification impact.
Proposal 1: Support BW3 as the solution framework for R18 redcap UE bandwidth reduction
Discussion on UE peak data rate reduction
Three options for UE peak data rate reduction are discussed in the last meeting. 
[bookmark: OLE_LINK160][bookmark: OLE_LINK161]Option PR1:  is assumed for R18 redcap UE. it does not limit the peak data rate directly and should combine other schemes such as limitation of maximum supported modulation order to achieve the limitation.
option PR2：It have no impact on idle UE because the TBS of SIB is always smaller than 5000bits. For connected UE, UE calculates the TBS based on the allocated resource in DCI. if TBS is larger than the maximum value, UE views it as an error case and drops the scheduling DCI. 
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK162][bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: OLE_LINK165]option PR3：It limits the RBs number scheduled for PDSCH and PUSCH, which is similar to the conditions in option BW3. The difference is that option PR3 allows distributed RBs in a wider band, but the BW3 requires contiguous PRBs in BWP. Since only one UE type will be considered for R18 redcap UE, we think it is better to absorb solutions PR3 into BW3. 
[bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK62][bookmark: OLE_LINK63]The three options are not in conflict and can be applied in parallel to reach the 10Mbps peak data rate limitation for R18 UE

[bookmark: OLE_LINK170][bookmark: OLE_LINK171][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK168][bookmark: OLE_LINK169]Proposal 2: Three PR options can be applied in parallel to R18 peak data rate reduction solutions.

Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1:  Support BW3 as the solution framework for R18 redcap UE bandwidth reduction
Proposal 2: Three PR options can be applied in parallel to R18 peak data rate reduction solutions.
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