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Introduction
In RAN#94, study item in RP-213661 has been approved. In RAN1#110 the following agreements has been made 
	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]
· Specification impacts
 
Agreement
· The restricted number of PRBs in Option PR3 is a hardcoded limit.
 
Agreement
· For Options BW1,
· 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
· 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 (, , ) [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




Discussion
Cost reduction for FDD 1Rx 
The main differences between BW1 and BW3 are the following
· Unlike for BW1, FFT size (relative to R17 RedCap) cannot be reduced with BW3. The FFT reduction in complexity is log2(N)*N, i.e. FFT can be reduced from 2048 (R17 RedCap) to 512 FFT. This means that complexity can be reduced by the factor of 0.2045, i.e almost 5 fold.
· With 5MHz RF BW in UL, only 1/3rd of FDD bands require filter after PA to meet 3GPP requirements. When UE must be capable to transmit 20MHz in UL, filters for every FDD band is needed. This means that filter cost can be reduced from 5% to 1,65%.
· Receiver processing for BW1 can be reduced 4-fold, because of 4 times less RBs to process. While for BW3, UE must be able to process other signals than PDSCH (such as CSI-RS) in a 20MHz BW, therefore we estimate that for BW3 only 2-fold reduction is possible.
· Similarly for post-FFT buffering, for BW1 complexity can be reduced 4-fold thanks to bandwidth reduction from 20MHz ->5MHz. While for BW3/PR3 UE must buffer whole 20MHz BW since it does not know until it decodes PDCCH, where PDSCH is scheduled and whether e.g. dynamic CSI-RS are triggered or not. Therefore, for BW3 UE must perform post-FFT buffering for 20MHz and no complexity reduction is possible compared to R17 RedCap.
· DL control processing, for BW1 the max number of CCEs automatically scales from 48 (R17 RedCap) to 12 CCEs, which is 4-fold. For BW3 we assume that max number of CCEs could be reduced from 48 to 28 which is max number CCEs in CSS in CORESET#0.
Observation-1: Between BW1 and BW3, there are clear differences in complexity reductions in the following blocks
· BB: FFT/IFFT
· RF: Filters
· BB: Receiver processing
· BB: Post-FFT buffering
· BB: DL control processing 
When it comes to BW2, we assume that RF BW can be reduced from 20 MHz to the minimum of 7.2 MHz which is the bandwidth needed to receive SSB also with SCS of 30 kHz. With that assumption, complexity reductions are close to BW1, except that filter after PA reduction is not possible, and ADC converter sampling rate would need to be designed to handle SSB-width of 7.2MHz, allowing reduction of ADC complexity to 0.4. Here we also assume that UE’s max FFT does not change compared to BW1. And we assume that SSB does not need to be fully within BWP, in case of BW2.   		
Proposal-1: Redefine BW2 as RF BW of 8MHz, and BB BW of 5MHz. The BW of SSB should include all RBs of an active BWP.
Observation-2: BW2 complexity is close to BW1, except the cost of RF filters after PA cannot be reduced, and ADC converter sampling rate would need to be designed to handle SSB-width of 7.2MHz.
Both PR1 and PR2 reduce max TBS size, and the only difference between those two is in the granularity of cost reduction. Compared to above options BW1-3 and PR3, complexity for PR1 and PR2 can be reduced only for LDPC decoding and HARQ buffer. 
For PR1, the max TBS is function of spectral efficiency. 
	For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.


Where f is limited to few values 1, 0.8, 0.75, and 0.4. Such UE may report capability of 1, by indicating 1 layer, BPSK and f=1. Similarly, PR2 may reduce minimum peak rates by factor of 4, corresponding to bandwidth reduction from 20->5MHz.
While PR1 and PR2 allow complexity reductions only to LDPC decoder and HARQ buffer, by factor of 4, there is no impact to coexistence with legacy, since broadcast messages are limited to QPSK, and code-rates larger than 0.5 are typically not used in the field.
Observation-3: PR1 and PR2 allow reduction in complexity only in LDPC decoder and HARQ buffer, by factor of 4. 
The above discussion is captured in numbers in Table 1.
Table 1 FD-FDD and 1Rx baseline
	
	R15
	R17 1Rx FDD
	BW1
	BW2
	BW3/PR3
	PR1/PR2

	RF: Power amplifier
	25,0%
	25,0%
	25,0%
	25,0%
	25,0%
	25,0%

	RF: Filters
	10,0%
	5,0%
	1,65%
	5,0%
	5,0%
	5,0%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45,0%
	22,5%
	22,5%
	22,5%
	22,5%
	22,5%

	RF: Duplexer / Switch
	20,0%
	20,0%
	20,0%
	20,0%
	20,0%
	20,0%

	RF: Total
	100,0%
	72,5%
	69,5%
	72,5%
	72,5%
	72,5%

	BB: ADC / DAC
	10,0%
	1,0%
	0,25%
	0,40%
	1,0%
	1,0%

	BB: FFT/IFFT
	4,0%
	0,9%
	0,18%
	0,18%
	0,9%
	0,9%

	BB: Post-FFT data buffering
	10,0%
	1,0%
	0,25%
	0,25%
	1,0%
	1,0%

	BB: Receiver processing block
	24,0%
	2,4%
	0,60%
	0,60%
	1,20%
	2,4%

	BB: LDPC decoding
	10,0%
	1,0%
	0,25%
	0,25%
	0,25%
	0,25%

	BB: HARQ buffer
	14,0%
	1,4%
	0,35%
	0,35%
	0,35%
	0,35%

	BB: DL control processing & decoder
	5,0%
	5,0%
	1,25%
	1,25%
	2.9%
	5,0%

	BB: Synchronization / cell search block
	9,0%
	4,5%
	4,50%
	4,50%
	4,5%
	4,5%

	BB: UL processing block
	5,0%
	2,0%
	0,63%
	0,63%
	0,63%
	2,00%

	BB: MIMO specific processing blocks
	9,0%
	4,5%
	4,50%
	4,50%
	4,50%
	4,5%

	BB: Total
	100,0%
	23,7%
	12,8%
	12,9%
	14,3%
	21,9%

	RF+BB: Total (with RF:BB cost split 40:60)
	100,0%
	43,2%
	35,5%
	36,7%
	37,6%
	42,1%



Coexistence with legacy 
For all options except of PR1/2, scheduling of SIBs must be within 5MHz BW, irrespective whether restricted amount of RBs is contiguous or distributed. This may have impact on coverage/capacity of SIBs. Therefore, we see beneficial to introduce separate SIB()s for R18 UEs, at least SIB1.
For BW1/BW2, in addition to above, SSB must be redesigned, unless (i) UE would support e.g. 8MHz RF BW or (ii) UE is capable of retuning 5MHz RF and combine two consecutive SSB. The later one resulting in increased latency for synch and consequently in larger power consumption. In addition for BW1/BW2, gNB may not configure long PRACH in SIB1, this being configuration restriction. Finally, CORESET#0 cannot be reused for BW1/BW2 UEs.
For PR1/2 we do not see any coexistence issue with legacy, unless reduced max TBS is smaller than that of SIBs.
Observation-4: If any of BW1/2/3 and PR3 is recommended for R18 Redcap WI, defining separate SIBs, at least SIB1, is beneficial for R18 RedCap
Observation-5: BW1/BW2 seems to have the largest coexistence issues among evaluated options.
Performance
From performance point of view PR1/PR2/PR3 has the least impact, because diversity gain is not impacted compared to R17 RedCap. For BW3, frequency diversity gain is reduced for PDSCH/PUSCH and for the rest of options frequency diversity is reduced for all channels. Here we are assuming legacy BWP operations, i.e. no BWP hopping. 
Observation-6: PR1/2/3 has the least impact on the performance, because frequency diversity of 20MHz is maintained for all channels and signals.
Specification impact
BW3/PR3 option has close to zero specification impact. Restriction on number of RBs would need to be standardized, and some RAN1 discussion is expected on how this restriction would be specified, e.g in terms of T-F granularity and interaction with resources not available for PDSCH. In RAN2 separate SIB(s) for R18 UEs with an optimized content for restricted amount of RBs should be introduced, as mentioned already. In addition, we assume that number of CCEs to process could be limited to 28CCEs, corresponding to CSS of largest possible CORESET#0. Reduction of BDs accordingly should be also considered.
Proposal-2: If BW3/PR3 is recommended for R18 RedCap WI, reduce also maximum allowed number of CCEs/BDs per slot to match CCEs/BDs required for CORESET#0 CSS.
BW1 option would naturally reduce number of CCEs to 12, but that would require specification of new CORESET#0 for R18 RedCap UEs. In addition, this option would need new SSB/PBCH design. These limitations are causing further issues in mobility and network deployments. Finally, if BW1 is recommended for WI, we would not accept dropping of 30kHz SCS. 
Proposal-3: If BW1 is recommended for R18 Redcap WI, design should support also 30kHz SCS. 
BW2 (modified according to Proposal-1) would still have an issue with CORESET#0, but not with SSB/PBCH. 512 FFT can cover 20RBs of 30KHz SSB with FFT utilization less than 77%. Such BW2 UE would be capable to do also SSB-based measurements. 
Other aspects – supported SCSs in FR1
Up to R17, NR does not support channel-BW/BWP of 5MHz with 60kHz SCS. Such channel BW/BWP would comprise of less than 6 PRBs, because guard-bands grow with SCS. As a consequence, such channel-BW/BWP or smaller would not be able to host any CORESET. 
Observation-7: If BW1 or BW2 is recommended for R18 RedCap WI, SCS 60kHz should not be applicable for R18 RedCap UEs with maximum capability limited to 5MHz.

	SCS (kHz)
	5

	
	MHz

	 
	NRB

	15
	25

	30
	11

	60
	N/A



Relaxed processing timelines PT1/PT2
Relaxed processing timelines by factor of 2 for N1 and N2 were studied in R17 RedCap SI. Cost reductions were ~6%. On the other hand, increased latency and scheduling impact were the counter arguments. 
A UE may start demodulation only when it has a channel estimate, and for the case of 3-row DMRS in 14 symbol TYPE A PDSCH, the latest DMRS symbol may be the symbol 11. Considering PUCCH preparation and the time to demodulate PDSCH symbols, LDPC decoder must do its job in less than half slot time, while during the other half slot timescale LDPC decoder is idle. Therefore, relaxing processing timeline by factor of two would allow to relax also LDPC decoder in addition to receiver processing block and UL processing block, correspondingly by factor of two. And this even if contiguous PDSCH are scheduled back-to-back with different HARQ process IDs. 
Some companies suggested in R17 that also DL control processing block could be relaxed. However, relaxation of PDCCH processing would increase cost of post-FFT buffer. And therefore, we do not consider such reduction.
For CSI processing timelines, we expect that MIMO processing block can reduce its complexity to half, given that UE does not expect to get new trigger before it processes and reports previous CSI. 
Processing delay relaxation complexity reductions are cumulative on to of any option considered. We summarize the numbers in Table 2 

Observation-8: With reduced processing timelines PT1 and PT2, LDPC decoder, receiver processing block, UL processing block and MIMO specific processing blocks complexity can be halved. This reduction is cumulative, irrespective of which option is selected.

Table 2 FD-FDD 1Rx + PT1 + PT2
	
	R15
	R17 1Rx FDD
	BW1
	BW2
	BW3/PR3
	PR1/PR2

	RF: Power amplifier
	25,0%
	25,0%
	25,0%
	25,0%
	25,0%
	25,0%

	RF: Filters
	10,0%
	5,0%
	1,7%
	5,0%
	5,0%
	5,0%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45,0%
	22,5%
	22,5%
	22,5%
	22,5%
	22,5%

	RF: Duplexer / Switch
	20,0%
	20,0%
	20,0%
	20,0%
	20,0%
	20,0%

	RF: Total
	100,0%
	72,5%
	69,2%
	72,5%
	72,5%
	72,5%

	BB: ADC / DAC
	10,0%
	1,0%
	0,25%
	0,40%
	1,0%
	1,0%

	BB: FFT/IFFT
	4,0%
	0,9%
	0,18%
	0,18%
	0,9%
	0,9%

	BB: Post-FFT data buffering
	10,0%
	1,0%
	0,25%
	0,25%
	1,0%
	1,0%

	BB: Receiver processing block
	24,0%
	2,4%
	0,30%
	0,30%
	0,60%
	1,2%

	BB: LDPC decoding
	10,0%
	1,0%
	0,13%
	0,13%
	0,13%
	0,13%

	BB: HARQ buffer
	14,0%
	1,4%
	0,35%
	0,35%
	0,35%
	0,35%

	BB: DL control processing & decoder
	5,0%
	5,0%
	1,25%
	1,25%
	2.9%
	5,0%

	BB: Synchronization / cell search block
	9,0%
	4,5%
	4,50%
	4,50%
	4,5%
	4,5%

	BB: UL processing block
	5,0%
	2,0%
	0,32%
	0,32%
	0,32%
	1,00%

	BB: MIMO specific processing blocks
	9,0%
	4,5%
	2,25%
	2,25%
	2,25%
	2,25%

	BB: Total
	100,0%
	23,7%
	9,8%
	9,9%
	11,0%
	17,3%

	RF+BB: Total (with RF:BB cost split 40:60)
	100,0%
	43,2%
	33,5%
	35,0%
	35,6%
	39,4%



Relaxed processing timelines N1, N2 and Z, Z’ may reduce complexity by additional ~2%.
Proposal-4: Recommend relaxing the N1, N2 and Z, Z’ timelines for R18 RedCap by factor of two.
HD-FDD complexity reduction
In R17 SID [TR 38.875] on complexity reduction, RAN1 identified that only “HD” cost reduction is coming from not needing a duplexer. And concluded that TYPE-B HD-FDD would have negative impact on gNB scheduling when handling HD-FDD RedCap and FD-FDD non-RedCap UEs at the same time. 
What has been however missed is that TYPE-B HD-FDD reduces processing peaks as larger gap between DL and UL enables to avoid PDSCH reception and PUSCH preparation at the same time. 
N1 and N2 times for baseline are showed below 
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in
dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB if either higher layer parameter is configured, and in dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if either higher layer parameter is configured
	dmrs-AdditionalPosition ≠ 'pos0' in 
DMRS-DownlinkConfig in any of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2, 
or if none of the higher layer parameters is configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



From above tables, one can see that PDSCH processing is not instantaneous, i.e. there is a processing delay after the last received PDSCH symbol. If R16 gNB schedules PDSCH and PUSCH back-to-back (up to 13us switching delay), RedCap UE needs to be prepared to receive PDSCH and prepare PUSCH at the same time. Therefore, if gNB would be able to avoid scheduling PDSCH and PUSCH back-to-back, the complexity of baseband could be reduced almost twice. The gap between PDSCH and PUSCH could be similar to N2-time. On the other hand, reception of PDCCH, CSI-RS and preparation of PUCCH or SRS is much less computation intensive, and for these other channels and signals the legacy 13us gap could apply. Treating these other channels and signals the same way as in legacy, minimizes impact to scheduler. 
Observation-9: Defining a longer minimum processing gap between PDSCH and PUSCH would avoid their concurrent processing and therefore reduce processing peaks for the HD-FDD UE, this allowing for less complex designs. If a longer gap is limited to unicast PDSCH and PUSCH, the impact on gNB is minimal.
Figure 1 shows how scheduling would work. CSI-RS can be scheduled the same way as for legacy RedCap UEs (13us gap). However, PUSCH is scheduled with larger shared channel gap from last symbol of PDSCH to facilitate complexity reduction for the HD-FDD UE. 
[image: ]
Figure 1 Scheduling example for R18 RedCap

If concurrent processing of the most challenging channels (e.g. PDSCH and PUSCH) would be avoided, the same hardware can be reused, and the cost of less of complex of UL processing block and Receiver processing block can be set to ~0. This is captured in Table 2 along with removing duplexer cost. 
Table 3 HD-FDD 1Rx
	
	R15
	R17 1Rx 
	BW1
	BW2
	BW3/PR3
	PR1/PR2

	RF: Power amplifier
	25,0%
	25,0%
	25,0%
	25,0%
	25,0%
	25,0%

	RF: Filters
	10,0%
	5,0%
	1,7%
	5,0%
	5,0%
	5,0%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45,0%
	22,5%
	22,5%
	22,5%
	22,5%
	22,5%

	RF: Duplexer / Switch
	20,0%
	0,0%
	0,0%
	0,0%
	0,0%
	0,0%

	RF: Total
	100,0%
	52,5%
	49,2%
	52,5%
	52,5%
	52,5%

	BB: ADC / DAC
	10,0%
	1,0%
	0,25%
	0,48%
	1,0%
	1,0%

	BB: FFT/IFFT
	4,0%
	0,9%
	0,25%
	0,18%
	0,9%
	0,9%

	BB: Post-FFT data buffering
	10,0%
	1,0%
	0,25%
	0,25%
	1,0%
	1,0%

	BB: Receiver processing block
	24,0%
	2,4%
	0,00%
	0,00%
	1,20%
	2,4%

	BB: LDPC decoding
	10,0%
	1,0%
	0,25%
	0,25%
	0,25%
	0,25%

	BB: HARQ buffer
	14,0%
	1,4%
	0,35%
	0,35%
	0,35%
	0,35%

	BB: DL control processing & decoder
	5,0%
	5,0%
	1,25%
	1,25%
	2,9%
	5,0%

	BB: Synchronization / cell search block
	9,0%
	4,5%
	4,50%
	4,50%
	4,5%
	4,5%

	BB: UL processing block
	5,0%
	2,0%
	0,63%
	0,63%
	0,00%
	0,00%

	BB: MIMO specific processing blocks
	9,0%
	4,5%
	4,50%
	4,50%
	4,50%
	4,5%

	BB: Total
	100,0%
	23,7%
	12,2%
	12,4%
	16,6%
	19,9%

	RF+BB: Total (with RF:BB cost split 40:60)
	100,0%
	35,2%
	27,0%
	28,4%
	31,0%
	32,9%


L2 buffer memory
The cost of L2 buffer memory is insignificant; however, memory takes space depending on node technology used. Such module becomes larger which is clearly less attractive for IoT products. Therefore, this KPI should be taken into account. On the other hand, L2 buffer memory is function of max TBS size, it seems all the option currently on the table will reduce TBS size to ~10/5Mbit target. L2 buffer memory is also dependent on other parameters, but those are out of scope of RAN1 expertise.
Observation-10: All the options on the table reduce max TBS size to correspond to target max 10/5Mbits data rate, resulting in reduction of L2 buffer memory and thus size of module/chipset.
Channel BW for 30kHz SCS 
One of aspects raised in last meeting is whether channel BW for 5MHz could be 12RBs instead of 11RBs with 30kHz SCS. In our opinion this should be not an issue at least for BW2 UE, which has RF wider than BB. For BW1 UEs, if operating in channels larger than 5MHz, guard-bands could be reduced and spectral utilization increased. This being in RAN4 competence.
Having one additional RB at use, would allow for short PRACH and would increase PDCCH capacity to 6CCEs per CORESET in 30kHz SCS BWP.
Proposal-4: Send LS to RAN4, ask whether 12RBs could be supported in 5MHz carrier of 30kHz SCS at least for (i) BW2 and also for (ii) BW1 if gNB carrier is larger than 5MHz.
Summary of discussion
Based on discussion and observations made. We see the most cost reduction can be obtained with BW1, while at the same time we see that specification impact, standardization effort, and coexistence challenges would be significant compared to BW3/PR3. When half-duplex FDD is considered, the cost saving of BW1 compared to PR3/BW3 is doubled. Our first choice is BW1. At the same time, BW3/PR3 can reduce complexity with less standardization work. Therefore, if amount RAN1/2/4 work is a concern for BW1, we suggest to adopt BW3/PR3, however, along with maximum scheduled PDSCH/PUSCH resources, also max PDCCH decoding limits CCE/BD should be reduced. At the same time, the cost saving of PR1/2 is negligible and these options are not acceptable for us despite their low specification effort and coexistence impact. 
Proposal-5: Recommend BW1 (first choice) or BW3/PR3 (second choice) to RAN for R18 Redcap work item. Do not consider PR1/PR2.
Conclusions 
In this contribution we discussed issues related to further reduced complexity NR UE and we had the following observations and proposals:
Observation-1: Between BW1 and BW3, there are clear differences in complexity reductions in the following blocks
· BB: FFT/IFFT
· RF: Filters
· BB: Receiver processing
· BB: Post-FFT buffering
· BB: DL control processing 
Proposal-1: Redefine BW2 as RF BW of 8MHz, and BB BW of 5MHz. The BW of SSB should include all RBs of an active BWP.
Observation-2: BW2 complexity is close to BW1, except the cost of RF filters after PA cannot be reduced, and ADC converter sampling rate would need to be designed to handle SSB-width of 7.2MHz.
Observation-3: PR1 and PR2 allow reduction in complexity only in LDPC decoder and HARQ buffer, by factor of 4. 
Observation-4: If any of BW1/2/3 and PR3 is recommended for R18 Redcap WI, defining separate SIBs, at least SIB1, is beneficial for R18 RedCap
Observation-5: BW1/BW2 seems to have the largest coexistence issues among evaluated options.
Observation-6: PR1/2/3 has the least impact on the performance, because frequency diversity of 20MHz is maintained for all channels and signals.
Proposal-2: If BW3/PR3 is recommended for R18 RedCap WI, reduce also maximum allowed number of CCEs/BDs per slot to match CCEs/BDs required for CORESET#0 CSS
Proposal-3: If BW1 is recommended for R18 Redcap WI, design should support also 30kHz SCS. 
Observation-7: If BW1 or BW2 is recommended for R18 RedCap WI, SCS 60kHz should not be applicable for R18 RedCap UEs with maximum capability limited to 5MHz.
Observation-8: With reduced processing timelines PT1 and PT2, LDPC decoder, receiver processing block, UL processing block and MIMO specific processing blocks complexity can be halved. This reduction is cumulative, irrespective of which option is selected.
Proposal-4: Recommend relaxing the N1, N2 and Z, Z’ timelines for R18 RedCap by factor of two.
Observation-9: Defining a longer minimum processing gap between PDSCH and PUSCH would avoid their concurrent processing and therefore reduce processing peaks for the HD-FDD UE, this allowing for less complex designs. If a longer gap is limited to unicast PDSCH and PUSCH, the impact on gNB is minimal.
Observation-10: All the options on the table reduce max TBS size to correspond to target max 10/5Mbits data rate, resulting in reduction of L2 buffer memory and thus size of module/chipset.
Proposal-4: Send LS to RAN4, ask whether 12RBs could be supported in 5MHz carrier of 30kHz SCS at least for (i) BW2 and also for (ii) BW1 if gNB carrier is larger than 5MHz.
Proposal-5: Recommend BW1 (first choice) or BW3/PR3 (second choice) to RAN for R18 Redcap work item. Do not consider PR1/PR2.
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