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Introduction
In RAN#94, study item in RP-213661 has been approved. The objectives are the following 
	To further reduce the complexity of RedCap devices, the following should be studied, and the results should be captured in TR 38.8xx:

· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact
· Potential solutions, which may complement each other, for reducing device complexity are focusing on:
· UE bandwidth reduction to 5MHz in FR1,
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· reduced UE peak data rate in FR1, 
· Possibly including restricted bandwidth for PDSCH and/or PUSCH
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.
· Operation in BWP with/without SSB and without/with RF retuning should be considered.
· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.



On BW reduction options in FR1
When it comes to RF reduction, we see the biggest complexity reduction opportunity in reducing UL transmission BW. With reduction of transmission BW in UL from 20 to 5MHz, reduced filtering is possible while still meeting RAN4 requirements for out-of-band emissions.   
Observation-1: When transmission BW is reduced from 20MHz to 5MHz in UL, tx band pass filtering may be significantly reduced and accordingly UE RF cost can be reduced.
For baseband operation, we see the following options for UE cost reduction. 
Option 1: Initial access where UE DL BW is max 20MHz
In this Option, DL may follow legacy in IDLE. A UE can receive CORESET#0/commonCORESET, and PDSCH scheduled with PDCCH CRC scrambled with SI, RA, P-RNTI. These may be common with legacy users. At the same time, UE expects to be scheduled with MSG3 in BW that is no more than 5MHz due to reduced UL RF BW. After MSG4, UE does not expect to receive or transmit in BW larger than 5MHz in DL.  
The 20MHz exception for SIBs and paging PDSCH is possible because 
· PDSCHs HARQ-ACK is not provided for Paging and SIBs PDSCHs
· Paging payload is capped at 60bits times 32users, this being ~2k bits.  
· SIB payload is capped at 2974 as per 38.214.

which is significantly smaller than max TBS size of ~62k bits for unicast within 5MHz BWP. 
On the other hand, such cap is not valid for RAR PDSCH. On one hand, processing time between the last symbol of a RAR PDSCH reception and MSG3 PUSCH is relaxed to N1+N2+0.5ms, on the other hand, RAR payload for legacy is capped at ~180kbits assuming CORESET#0 size of 96PRBs. Reduction of max TBS for RAR PDSCH should be therefore supported, if this option is selected for R18 Redcap.
Moreover, this option is very friendly to gNB implementation, and would require only early identification of R18 RedCap UEs, such that gNB may schedule MSG3 within max BW of 5MHz and limit RAR TBS as discussed above.
Option 2: Initial access where UE DL BW is max 10MHz
This option allows reception of SSBs of 15 and 30kHz. However, compared to Option 1 would require configuration of separate CORESET, e.g. commonCORESET for R18 RedCap UE, such CORESET would need to be limited to 10MHz. 
Option 3: Initial access is limit UE DL BW is max 5MHz 
This option would allow R18 RedCap only when SCS for SSB is 15kHz. This option is similar to Option 2, but would introduce further deployment burdens on top.
From above options, Option 1 is the best from coexistence point of view. When it comes to cost/complexity reduction, there will not be much difference between these options. The ADC converter may need to handle higher sampling rate to receive initial access DL signals, however ADC convertor price is more a function of precision rather than speed. At the same time, UE would need to support up to 2k FFT with 20MHz, however, FFT costs are only 4% of the baseband and 2.4% total. When it comes to peak rates, allowing 20MHz channels only for common DL signals in IDLE would not increase requirements for processing capability or memory, given that RAR TBS is capped for R18 RedCap UE.
Observation-2: Allowing DL signals in IDLE to be 20MHz (instead of reducing those to 5MHz), improves coexistence with legacy, while does not increase memory or processing requirements if RAR PDSCH TBS size upper-limit is introduced. 
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 a CORESET. 
Observation-3: SCS 60kHz is not applicable for R18 RedCap UEs with maximum capability limited to 5MHz.
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On Peak data rate reduction in FR1 
Reduction of number of HARQ processes
Reduction of HARQ-ACK processes will directly scale down soft buffer memory requirements and reduce cost/complexity. On the other hand, insufficient number of HARQ processes will result in scheduling stall. It is true that New Radio does not require any specific soft buffer size at a UE, on the other hand, the UE has to pass (minimum performance) test cases. 16 DL HARQ processes is a mandatory requirement in NR. Higher number of processes compared to LTE was motivated by high SCSes and TDD reasons. 
When it comes to NR RTT times and [HD]-FDD, with NR processing timelines, gNB scheduling would not be impacted even if number of HARQ processes is limited to 4. On the other hand, it is understandable that e.g. with cross-slot power saving feature, need for more HARQ process would exist in FDD as well. 
Since reduced peak data rates are the KPI of this study item, the max TB for which UE is expected to perform soft combining could be limited. This would help to reduce soft buffer memory requirements, but would not impact coverage performance in any matter. 
Observation-4: Introduction of TBS upper-limit, for which R18 RedCap UE is expected to perform soft combining would allow UE to reduce size of its soft-buffer memory. This would have impact on cell-center peak data rates, but would not impact coverage.
 TBS reduction
Maximum TBS reduction (in general) could, in addition to soft/L2 buffer memory requirements, reduce also cost of LDPC decoder requirements for the UE. Reduce a need for parallel CB processing.
In legacy, max data rate / max TBS is given by UE capability, and min spectral efficiency UE shall support is lower bounded by 4.
	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.


For further cost reduction, capability could be reduced from 4 to e.g. 2. This has been discussed in R17 RedCap WID, but consensus was not found for R17 RedCap UE. Many companies indicated that for R18 RedCap topic can be re-discussed again.  Assuming 5MHz BW for shared channel, reducing minimum capability from 4 to 2 would reduce DL peak rates from ~12Mbs to ~6Mbs. 
Observation-5: Reducing minimum allowed capability for spectral efficiency from 4->2 would reduce cost of LDPC decoder. 
Relaxed processing timelines 
Relaxed processing timelines particularly 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. If processing timelines are reduced, parallel processing could be avoided, and LDPC decoder cost reduced, accordingly. In fact, at least for FDD, the impact to scheduling would not be severe, moreover similar impact to scheduling is expected from cross-slot scheduling power saving feature, for which scheduling was deemed feasible.
Observation-6: Relaxed processing timelines can reduce need for parallel processing, and thus reduce complexity. 
Observation-7: gNB scheduling challenges from increased processing timelines are not more severe as scheduling challenges from cross-slot scheduling power saving feature.
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 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-8: 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 cheaper designs. If a longer gap is limited to unicast PDSCH and PUSCH, the impact on scheduling would be 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

Conclusions 
In this contribution we discussed issues related to further reduced complexity NR UE and we had the following observations:
Observation-1: When transmission BW is reduced from 20MHz to 5MHz in UL, tx band pass filtering may be significantly reduced and accordingly UE RF cost can be reduced.
Observation-2: Allowing DL signals in IDLE to be 20MHz (instead of reducing those to 5MHz), improves coexistence with legacy, while does not increase memory or processing requirements if RAR PDSCH TBS size upper-limit is introduced. 
Observation-3: SCS 60kHz is not applicable for R18 RedCap UEs with maximum capability limited to 5MHz.
Observation-4: Introduction of TBS upper-limit, for which R18 RedCap UE is expected to perform soft combining would allow UE to reduce size of its soft-buffer memory. This would have impact on cell-center peak data rates, but would not impact coverage.
Observation-5: Reducing minimum allowed capability for spectral efficiency from 4->2 would reduce cost of LDPC decoder. 
Observation-6: Relaxed processing timelines can reduce need for parallel processing, and thus reduce complexity. 
Observation-7: gNB scheduling challenges from increased processing timelines are not more severe as scheduling challenges from cross-slot scheduling power saving feature.
Observation-8: 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 cheaper designs. If a longer gap is limited to unicast PDSCH and PUSCH, the impact on scheduling would be minimal.
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