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In RAN1#109e [1], it was agreed to evaluate and study following multiple options for potential Rel.18 RedCap UE complexity reduction. 
	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 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 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
· 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
· UE complexity reduction is studied for the following combinations:
· Reference case (Rel-17 RedCap UE)
· BW1 + PT1 + PT2
· BW3 + PT1 + PT2
· PR1 + PT1 + PT2
· PR3 + PT1 + PT2
· In addition, optional results for the following combinations can also be reported:
· BW1 + PT1
· BW3 + PT1
· PR1 + PT1
· PR3 + PT1
· BW2 + PT1 + PT2
· PR2 + PT1 + PT2



In this contribution, we provide evaluations for bandwidth reduction options, i.e., option BW1 and option BW3. Evaluations for option PR3 is also provided, given that it is similar with option BW3.  
Discussion
With UE bandwidth down to 5MHz in FR1, lower cost/complexity is achieved by having less operations mostly on baseband. For Option BW1 with both RF and BB bandwidths being 5 MHz for UL and DL, it is expected that it has lower complexity of e.g., ADC/DAC, FFT/IFFT etc. than option BW3 where channels (other than data channels) are still allowed to use 20MHz BB+RF BW. 
Table 1 and Table 2 provide estimated relative device cost for option BW1 and BW3 for FDD and TDD respectively. Evaluation for option PR3 is also provided in the tables. 
Table 1 Estimated relative device cost for further reduced maximum UE bandwidth, FR1 FDD
	Reduced UE bandwidth
	FDD
	Rel.17 Ref.
	[bookmark: OLE_LINK1]Opt. BW1
	Opt. BW3
	Opt. PR3

	RF: Power amplifier 
	25.0%
	25.00%
	25.00%
	25.00%
	25.00%

	RF: Filters
	10.0%
	5.00%
	5.00%
	5.00%
	5.00%

	RF: Transceiver 
	45.0%
	21.70%
	21.70%
	21.70%
	21.70%

	RF: Duplexer / Switch
	20.0%
	20.00%
	20.00%
	20.00%
	20.00%

	RF: Total relative cost
	100%
	71.70%
	71.70%
	71.70%
	71.70%

	BB: ADC / DAC
	10.0%
	2.80%
	1.10%
	2.20%
	2.20%

	BB: FFT/IFFT
	4.0%
	1.10%
	0.40%
	0.80%
	0.80%

	BB: Post-FFT data buffering
	10.0%
	0.90%
	0.40%
	0.40%
	1.20%

	BB: Receiver processing block
	24.0%
	6.40%
	3.30%
	3.30%
	3.30%

	BB: LDPC decoding
	10.0%
	2.30%
	0.90%
	0.90%
	0.90%

	BB: HARQ buffer
	14.0%
	1.80%
	0.50%
	0.50%
	0.50%

	BB: DL control processing & decoder
	5.0%
	5.00%
	4.00%
	4.00%
	4.00%

	BB: Synchronization / cell search block
	9.0%
	4.50%
	4.00%
	4.00%
	4.00%

	BB: UL processing block
	5.0%
	3.50%
	2.00%
	2.00%
	2.00%

	BB: MIMO specific processing blocks
	9.0%
	4.50%
	4.50%
	4.50%
	4.50%

	BB: Total relative cost
	100%
	32.80%
	21.10%
	22.60%
	23.40%

	RF+BB: Total relative cost
	100%
	48.36%
	41.34%
	42.24%
	42.72%


Table 2 Estimated relative device cost for further reduced maximum UE bandwidth, FR1 TDD
	Reduced UE bandwidth
	TDD
	Rel.17 Ref.
	Opt. BW1
	Opt. BW3
	Opt. PR3

	RF: Power amplifier 
	25.0%
	25.00%
	25.00%
	25.00%
	25.00%

	RF: Filters
	10.0%
	3.75%
	3.75%
	3.75%
	3.75%

	RF: Transceiver
	45.0%
	17.80%
	17.80%
	17.80%
	17.80%

	RF: Duplexer / Switch
	20.0%
	5.00%
	5.00%
	5.00%
	5.00%

	RF: Total relative cost
	100%
	51.55%
	51.55%
	51.55%
	51.55%

	BB: ADC / DAC
	10.0%
	1.60%
	0.60%
	1.20%
	1.20%

	BB: FFT/IFFT
	4.0%
	0.80%
	0.30%
	0.60%
	0.60%

	BB: Post-FFT data buffering
	10.0%
	0.50%
	0.18%
	0.18%
	0.55%

	BB: Receiver processing block
	24.0%
	4.70%
	2.40%
	2.40%
	2.40%

	BB: LDPC decoding
	10.0%
	1.20%
	0.50%
	0.50%
	0.50%

	BB: HARQ buffer
	14.0%
	0.90%
	2.80%
	2.80%
	2.80%

	BB: DL control processing & decoder
	5.0%
	3.50%
	2.00%
	2.00%
	2.00%

	BB: Synchronization / cell search block
	9.0%
	2.50%
	2.00%
	2.00%
	2.00%

	BB: UL processing block
	5.0%
	3.50%
	2.00%
	2.00%
	2.00%

	BB: MIMO specific processing blocks
	9.0%
	2.80%
	2.80%
	2.80%
	2.80%

	BB: Total relative cost
	100%
	22.00%
	15.58%
	16.48%
	16.85%

	RF+BB: Total relative cost
	100%
	33.82%
	29.97%
	30.51%
	30.73%



Table 3 summarizes the relative cost reduction compared with Rel.17 reference UEs for the evaluated options.
	
	Option BW1
	Option BW3
	Option PR3

	
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD

	Relative cost reduction
	14.5%
	11.3%
	12.6%
	9.7%
	11.6%
	9.1%


We have following observations from the evaluation,
Observation 1: Option BW1, BW3 and PR3 could provide noticeable cost saving gain compared with Rel.17 reference RedCap UEs.  
Observation 2: Option BW1 could provide more cost saving gain than option BW3 and option PR3, but the relative gain over option BW3 and option PR3 is not that noticeable. 
If considering that most time the RedCap UEs would be in RRC idle/inactive state, option BW3 and option PR3 of reduction of BW for only data channels might provide less power saving gain than Rel.17 RedCap UEs, where all channels are within 5MHz BW. 
Observation 3: Option BW1 might have higher power saving gain than option BW3 and option PR3. 
As in our parallel contribution [2], for option BW3 (and also option PR3), there will be coverage loss for PBCH and SIB1 due to the small transmission BW for data channels. For option BW1, besides coverage loss for PBCH and SIB1, there is also significant coverage loss for PDCCH CSS with 30kHz SCS, where max. AL=2 is assumed. Therefore, all these three options need to compensate PBCH and/or SIB1 coverage loss if these channels become bottleneck channels. And PDCCH CSS coverage loss need to be compensated only for option BW1, if PDCCH CSS is the bottleneck channel. 
Observation 4: There is coverage loss for PBCH and SIB1 for all three options (i.e., option BW1, BW3 and PR3). 
Observation 5: Option BW1 might have relatively higher standard impact than option BW3 and option PR3, if PDCCH CSS coverage loss need to be compensated.
Observation 6: Whether Option BW1 is supported might depend on whether/how to handle PDCCH performance loss. 

Conclusions
As a summary, we have the following observations and proposals on potential solutions to further reduce UE complexity,
Observation 1: Option BW1, BW3 and PR3 could provide noticeable cost saving gain compared with Rel.17 reference RedCap UEs.  
Observation 2: Option BW1 could provide more cost saving gain than option BW3 and option PR3, but the relative gain over option BW3 and option PR3 is not that noticeable. 
Observation 3: Option BW1 might have relatively higher standard impact than option BW3 and option PR3, in order to handle PDCCH CSS coverage loss.
Observation 4: There is coverage loss for PBCH and SIB1 for all three options (i.e., option BW1, BW3 and PR3). 
Observation 5: Option BW1 might have relatively higher standard impact than option BW3 and option PR3, if PDCCH CSS coverage loss need to be compensated.
Observation 6: Whether Option BW1 is supported depending on whether/how to handle PDCCH performance loss. 
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