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[bookmark: scope][bookmark: foreword]1	Introduction
This feature lead (FL) summary (FLS) concerns the Rel-18 study item (SI) on further NR RedCap UE complexity reduction [1, 2, 3, 4]. This study item was preceded by a Rel-17 study item [5, 6] and a Rel-17 work item [7, 8]. The last FLS from the previous meeting can be found in [9].
This document summarizes the UE complexity reduction evaluation results provided by companies in [10] and the contributions [11] – [39] submitted to agenda item 9.6.1 and captures this email discussion:
	[110-R18-RedCap] To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, Tdoc number of the moderator summary for online session, etc – Johan (Ericsson)



The section numbering in this document follows the draft TR structure in [4]. The issues in this document are tagged and color coded with High Priority or Medium Priority. The previous FLS can be found in [40]. The issues that are in the focus of the current discussion round are tagged FL4 in this document, and the following High Priority FL4 issues can be considered for treatment in the online session on Tuesday 23rd August:
	High Priority Proposal 6.1-1b: Use the following TP on evaluation methodology as baseline text for TR 38.865.
	For cost/complexity 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, where the RF-to-baseband cost ratio was assumed to be 40:60 for an FR1 UE. 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, cases with 2 Rx, 2 MIMO layers, and HD-FDD features are optionally evaluated. In all comparisons, the Rel-17 RedCap UEs and the potential Rel-18 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).



High Priority Proposal 7.1-1c: Use the following TP as baseline text for TR 38.865.
	The following UE complexity reduction techniques have been studied:
-	Further UE bandwidth reduction
-	Further UE peak rate reduction
-	Relaxed UE processing timeline
The evaluation results for each one of the studied individual UE complexity reduction techniques are captured in clauses 7.2 through 7.4, respectively. For relaxed UE processing timeline, analysis is provided in clause 7.4, while complexity evaluations are provided only in combination with other techniques in clause 7.5 where the properties of combinations of different individual UE complexity reduction techniques are described in clause 7.5. The evaluation of the potential coverage impacts is described in clause 8. Recommendations based on the evaluations are captured in clause 9.



High Priority Proposal 7.1-2c: Use the following TP as baseline text for TR 38.865.
	All BW and PR reduction options that reduce max TBS size to correspond to target max 10 Mbps data rate result in reduction of L2 buffer memory size. The required L2 buffer size at the UE scales linearly with the UE peak data rate and with the UE bandwidth.



High Priority Proposal 7.2.1-1b: Use the following TP as baseline text for TR 38.865.
	In the study, the main UE bandwidth reduction options considered for FR1 are as follows:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW2 (optionally considered for evaluations): 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth 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.
For the above bandwidth reduction options, the following aspects are considered:
· 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.
· 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.
· 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.
· Note: For 30 kHz SCS, 12 contiguous RBs are also optionally studied.



High Priority Proposal 7.2.2-1c: Use the following TP as baseline text for TR 38.865.
	For BW1, the main contributors of the cost reduction are the following functional blocks:
· Baseband: ADC/DAC
· Baseband: FFT/IFFT
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: DL control processing & decoder 
· Baseband: UL processing block
For BW2, the main contributors of the cost reduction are the following functional blocks:
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: DL control processing & decoder 
· Baseband: UL processing block
For BW3, the main contributors of the cost reduction are the following functional blocks:
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
Note 1: BW1, BW2, and BW3 may have different degrees of impacts on the post-FFT data buffering depending on the scheduling aspects (cross-slot scheduling, RF retuning, etc.).
[Note 2: For BW2, some sources have assumed that the frequency locations of control and data channels are known in advance and observe that the complexity of the ADC/DAC and FFT/IFFT blocks can also be reduced.]
Note 3: For BW1, one source shows complexity reduction for RF filters and one source shows complexity reduction for MIMO specific processing block.



High Priority Proposal 7.2.2-2b: Use the following TP as baseline text for TR 38.865.
	For the UE bandwidth reduction options BW1, BW2, and BW3, the cost reduction is mainly in the BB part, and although there may be a possibility to reduce RF complexity, there is no significant cost reduction in the RF part.



High Priority Proposal 7.3.1-1b: Use the following TP as baseline text for TR 38.865.
	In the study, the main UE peak rate reduction options considered for FR1 are as follows:
· Option PR1: Relaxation of the constraint   for peak data rate reduction.
· The relaxed constraint is 1 (instead of 4).
· The parameters ([image: ], [image: ], [image: ]) [38.306] can be as in Rel-17 RedCap.

· Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· 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.

· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11.
· The restricted number of PRBs in Option PR3 is a hardcoded limit.
For the above peak rate reduction options, the following aspects are considered:
· 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).
· Note: Different from BW3, PR3 assumes post-FFT buffering of 20 MHz span of PDSCH since precise RB location is not possibly known before DCI information is successfully extracted.
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· 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.



High Priority Proposal 7.4.1-1b: Use the following TP as baseline text for TR 38.865.
	In the study, relaxed UE processing timeline is considered for FR1. The main options for the study are as follows:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2 (as defined in TS 38.214) compared to those of UE processing time capability 1
· The relaxation factor for N1 and N2 is assumed to be 2 in the study.

· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’ compared to the values defined in TS 38.214 clause 5.4
· The relaxation factor for Z and Z’ is assumed to be 2 in the study.

For the above relaxed UE processing timeline options, the following aspects are considered:
· The combination of Options PT1 and PT2 is also studied.
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.




High Priority Question 7.3.2-1b: Can the complexity of UL processing block be reduced with PR1/PR2/PR3?
High Priority Question 7.4.2-1b: Can the complexity of DL control processing & decoder block be reduced with PT1?
High Priority Question 7.4.2-2b: Can the complexity of DL control processing & decoder block be reduced with PT2?



FL4 Question 1-1a: Please consider entering contact info below for the points of contact for this email discussion.
	Company
	Point(s) of contact
	Email address(es)

	Spreadtrum
	Sicong Zhao
	sicong.zhao@unisoc.com

	Nokia, NSB
	Rapeepat Ratasuk
	rapeepat.ratasuk@nokia-bell-labs.com

	Lenovo
	Yuantao Zhang
	zhangyt18@lenovo.com

	CATT
	Yongqiang FEI
	feiyongqiang@catt.cn

	FUTUREWEI
	Vip Desai
	vipul.desai@futurewei.com

	Xiaomi
	Xuemei Qiao
	qiaoxuemei@xiaomi.com

	ZTE, Sanechips
	Youjun HU
	hu.youjun1@zte.com.cn

	Samsung
	Feifei Sun
Seunghoon Choi
	feifei.sun@samsung.com
seunghoon.choi@samsung.com

	Qualcomm
	Yongjun Kwak
	yongkwak@qti.qualcomm.com

	CMCC
	Lijie Hu
	hulijie@chinamobile.com

	MediaTek
	Chiou-Wei Tsai
	cw.tsai@mediatek.com

	Huawei, HiSilicon
	Frank LONG
	frank.longyi@huawei.com



[bookmark: _Toc101519362]6	Evaluation methodology
[bookmark: _Toc101519363]6.1	Evaluation methodology for UE complexity reduction
RAN1#109e made the following agreements regarding the evaluation methodology for UE complexity reduction:
	Agreement:
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 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




According to the above agreements, the cost/complexity evaluation of further UE complexity reduction techniques should be based on the methodology used for Rel-17 RedCap in TR 38.875. 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. In FR1, the reference Rel-15 NR UE has the following features:
· FDD: 100 MHz, 2 Rx, 2 layers, DL 256QAM, FD-FDD
· TDD: 100 MHz, 4 Rx, 4 layers, DL 256QAM

The detailed cost breakdown for the reference NR devices is provided in Table 1 (Table 6.1-1 in TR.38875). The RF-to-baseband cost ratio was assumed to be 40:60 for an FR1 UE.
[bookmark: _Ref99194669]Table 1: Detailed cost breakdown for the reference Rel-15 NR devices (FR1).
	Functional block
	FR1 FDD (2Rx)
	FR1 TDD (4Rx)

	RF

	Power amplifier 
	~25%
	~25% 

	Filters
	~10%
	~15%

	RF transceiver
(including LNAs, mixer, and local oscillator)
	~45% 
	~55%

	Duplexer / Switch
	~20%
	~5%

	Baseband

	ADC / DAC
	~10%
	~9%

	FFT/IFFT
	~4%
	~4%

	Post-FFT data buffering
	~10%
	~10%

	Receiver processing block
	~24%
	~29%

	LDPC decoding
	~10%
	~9%

	HARQ buffer
	~14%
	~12%

	DL control processing & decoder
	~5%
	~4%

	Synchronization / cell search block
	~9%
	~9%

	UL processing block
	~5%
	~5%

	MIMO specific processing blocks
	~9%
	~9%



Also, 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 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).

The following text proposal for the TR can be considered for TR 38.865 clause 7.1:
	For cost/complexity 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, where the RF-to-baseband cost ratio was assumed to be 40:60 for an FR1 UE. 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, cases with 2 Rx and HD-FDD features are optionally evaluated. 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).



FL1 High Priority Question 6.1-1a: Regarding the evaluation methodology, can the above TP be used as a baseline text for TR 38.865? If no, please suggest any necessary modification in the Comments field.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nokia, NSB
	Y
	

	Nordic
	Y
	

	Lenovo
	Y
	

	CATT
	Y
	

	SONY
	Y
	

	FUTUREWEI
	Y
	

	Xiaomi
	Y
	Small comments for the optionally evaluated cases:
In addition, cases with 2 Rx , 2 MIMO layers and HD-FDD features are optionally evaluated

	ZTE, Sanechips
	Y
	

	Intel
	Y
	

	Samsung
	Y
	

	Qualcomm
	Y
	

	CMCC
	Y
	

	MediaTek
	Y (with clarification)
	Since Reference Rel-15 UEs has different antenna/MIMO complexity and supported modulation order, the following clarification is suggested:
“In all comparisons, the Rel-17 RedCap UEs and the potential Rel-18 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).”

	Huawei, Hisilicon
	Y
	

	FL3
FL4
	Based on received responses, the following proposal can be considered. The proposal has been treated in an offline session on Tuesday 23rd August.
High Priority Proposal 6.1-1b: Use the following TP on evaluation methodology as baseline text for TR 38.865.
	For cost/complexity 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, where the RF-to-baseband cost ratio was assumed to be 40:60 for an FR1 UE. 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, cases with 2 Rx, 2 MIMO layers, and HD-FDD features are optionally evaluated. In all comparisons, the Rel-17 RedCap UEs and the potential Rel-18 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).


 

	
	
	



In the Rel-17 RedCap SI, the cost estimates in TR 38.875 [5] were averaged over the results provided by the sourcing companies [6]. Evaluation results for TR 38.865 [4] for the present Rel-18 RedCap SI have been provided in [10].
FL1 High Priority Question 6.1-2a: Should cost reduction estimates be averaged over the results provided by the sourcing companies? If no, please elaborate in the Comments field.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	Generally fine.
Further, the differences between solutions can be averaged over the results provided by the sourcing companies

	Nokia, NSB
	Y
	We support to use the average as in the Rel-17 analysis.

	Nordic 
	N
	We believe that results to include in averaging should be approved by RAN1. 

	Lenovo
	Y
	

	CATT
	Y
	

	SONY
	Y
	The averaged results from the XLSX file look reasonable. We have not see R1-2207730 yet, but assume that it will reflect the XLSX file.

	FUTUREWEI
	Y
	

	Xiaomi
	Y
	Can be handled in the same way in Rel-17

	ZTE, Sanechips
	Y
	

	Intel
	Y
	

	Samsung
	Y
	We can further discuss whether results for “option” solutions/combinations will be capture or not. The number of companies are not the same, it may not be very fair to directly capture it.

	CMCC
	Y
	

	MediaTek
	Y (with extreme values removed)
	To avoid bias effect to the averaged results, we suggest to remove extreme values (maximum and minimum) for the final averaged value. Taking Medium value is another alternative to consider.

	FL2
	Based on received responses, the following proposal can be considered.
High Priority Proposal 6.1-2b: Cost reduction estimates are averaged over the results provided by the sourcing companies.

	Huawei, Hisilicon
	Y
	

	FL3
	RAN1 made the following conclusion in the online session on Monday 22nd August:
Conclusion:
Complexity reduction estimates are averaged as R17 over the results provided by the sourcing companies




7	UE complexity reduction features
7.1	Introduction to UE complexity reduction features
The following text proposal for the TR can be considered for TR 38.865 clause 7.1:
	[bookmark: _Hlk112058691]The following UE complexity reduction techniques have been studied:
-	Further UE bandwidth reduction
-	Further UE peak rate reduction
-	Relaxed UE processing timeline
The evaluation results for each one of the studied individual UE complexity reduction techniques are captured in clauses 7.2 through 7.4, respectively. The properties of combinations of different individual UE complexity reduction techniques are described in clause 7.5. The evaluation of the potential coverage impacts is described in clause 8. Recommendations based on the evaluations are captured in clause 9.



FL1 Medium Priority Question 7.1-1a: Can the above TP listing the studied techniques be used as a baseline text for TR 38.865?
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nokia, NSB
	Y
	

	Lenovo
	Y
	

	CATT
	Y in general
	But remind that NO individual result for ‘relaxed UE processing timeline’ has been evaluated. So precisely, for relaxed UE processing time, study and analysis can be provided in clause 7.4, but cost evaluation related to PT options only exists in combination case (clause 7.5). 

	SONY
	Y
	

	FUTUREWEI
	Y
	Similar observation as CATT – PT options have only been examined in combination.

	Xiaomi
	N
	We prefer to keep similar statement in the SID as stated below
· 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

According to the SID, relaxed UE processing timeline should be combined with other UE complexity reduction scheme 

	Intel
	Y
	

	Samsung
	Y
	

	Qualcomm
	Y but
	Agree with CATT

	CMCC
	Y
	

	FL3
	Based on received responses, the following proposal can be considered.
High Priority Proposal 7.1-1b: Use the following TP as baseline text for TR 38.865.
	The following UE complexity reduction techniques have been studied:
-	Further UE bandwidth reduction
-	Further UE peak rate reduction
-	Relaxed UE processing timeline
The evaluation results for each one of the studied individual UE complexity reduction techniques are captured in clauses 7.2 through 7.4, respectively. For relaxed UE processing timeline, analysis is provided in clause 7.4, while cost evaluations are provided only in combination with other techniques in clause 7.5 where t The properties of combinations of different individual UE complexity reduction techniques are described in clause 7.5. The evaluation of the potential coverage impacts is described in clause 8. Recommendations based on the evaluations are captured in clause 9.


 

	FL4
	Based on offline discussion Tuesday 23rd August, the following proposal can be considered.
High Priority Proposal 7.1-1c: Use the following TP as baseline text for TR 38.865.
	The following UE complexity reduction techniques have been studied:
-	Further UE bandwidth reduction
-	Further UE peak rate reduction
-	Relaxed UE processing timeline
The evaluation results for each one of the studied individual UE complexity reduction techniques are captured in clauses 7.2 through 7.4, respectively. For relaxed UE processing timeline, analysis is provided in clause 7.4, while complexity evaluations are provided only in combination with other techniques in clause 7.5 where the properties of combinations of different individual UE complexity reduction techniques are described in clause 7.5. The evaluation of the potential coverage impacts is described in clause 8. Recommendations based on the evaluations are captured in clause 9.


 

	
	
	



RAN1#109e made the following agreements regarding the evaluation of impact on memory size/cost/complexity:
	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




A few contributions [11, 14, 23] provided their views on impact of complexity reduction techniques on memory:
1. The required L2 buffer size at the UE scales linearly with the UE peak data rate and with the UE bandwidth [11].
2. In addition to RF and BB, memory cost will be reduced along with BW reduction [14].
3. It may be difficult to have a quantitative assessment for the memory [14].
4. All BW and PR reduction options that reduce max TBS size to correspond to target max 10/5 Mbps data rate, resulting in reduction of L2 buffer memory and thus size of module/chipset [23].
FL1 Medium Priority Question 7.1-2a: Considering the above observations on memory impacts, which ones can be considered as a baseline for the TP drafting for the TR (e.g., section 7.1)?
	Company
	Impacts (1-4)
	Comments

	Spreadtrum
	1，2，3，4
	For impact 2, we have the following to add(marked in red):
2. In addition to RF and BB, memory cost will be reduced along with BW reduction and peak data rate reduction, as the communication data storage requirement in the memory is highly related to the supported peak rate. In general, the decrease rate of storage requirement is consistent with that of peak rate reduction.
For impact 4, we have the following to add (marked in red):
4. It may be difficult to have a quantitative assessment for the memory. The ratio values of different storage parts in the memory are highly depend on the UE implementation and the application scenarios of the chipset. For a particular case, reducing the peak rate from 80Mbps to 10Mbps can bring more than 50% cost reduction in memory.
For the relationship between L2 buffer and the memory, we have the following undemanding from our perspective:
L2 buffer is inside the memory. How to partition L2 buffers in Memory is up to UE implementation. For us, L2 buffer is included in the communication data storage part. The communication data storage is used to store all the cellular communication related data (L1/L2 and so on). To our knowledge, L2 buffer can be a separate storage part rather than inside the communication data storage.


	Nokia, NSB
	1, 4
	Number 2 is similar to 1 and therefore not needed. Also, since we agreed not to provide quantitative analysis there is no need for 3.

	SONY
	1, 4 
	Agree with the Nokia view.
Our view is that the reduction of L2 buffer size makes a significant difference to complexity and we should at least mention that L2 buffer size reduces complexity, even if don’t provide a quantitative assessment.

	FUTUREWEI
	4
	

	Xiaomi
	1
	For 1, we are OK
For 2, 3, we are open 
For 4, the reduction in size of module/chipset may not valid considering different implementation scheme. It needs further discussion. And the impact of reduction in the size of chipset/module should be further clarified. 

	Intel
	1,4
	

	Samsung
	1,3,4
	

	CMCC
	
	We are open to discuss the impact of BW and PR reduction options on memory.

	FL3
	Most received responses are generally fine with impacts 1 and 4. The following proposal can be considered as a baseline for the TP drafting for the TR:
High Priority Proposal 7.1-2b: Use the following TP as baseline text for TR 38.865.
	The required L2 buffer size at the UE scales linearly with the UE peak data rate and with the UE bandwidth. All BW and PR reduction options that reduce max TBS size to correspond to target max 10 Mbps data rate result in reduction of L2 buffer memory.


 

	FL4
	Based on offline discussion on Tuesday 23rd August, the following proposal can be considered.
High Priority Proposal 7.1-2c: Use the following TP as baseline text for TR 38.865.
	All BW and PR reduction options that reduce max TBS size to correspond to target max 10 Mbps data rate result in reduction of L2 buffer memory size. The required L2 buffer size at the UE scales linearly with the UE peak data rate and with the UE bandwidth.


 

	
	
	



[bookmark: _Toc101519368]7.2	Further UE bandwidth reduction
[bookmark: _Toc101519369]7.2.1	Description of feature
RAN1#109e made the following agreements regarding the study of further UE bandwidth reduction:
	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:
· 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.




Based on the above agreements, the following text proposal for the TR can be considered.
	In the study, the main UE bandwidth reduction options considered for FR1 are as follows:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth 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.
For the above bandwidth reduction options, the following aspects are considered:
· 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.
· 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.
· 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.



FL1 High Priority Question 7.2.1-1a: Can the above TP on the UE bandwidth reduction options be used as a baseline text for TR 38.865?
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nokia, NSB
	Y
	

	Nordic 
	N
	We should capture also optionality of 12RB for 30kHz SCS
And 20MHz RF does not make any sense to support, 8MHz RF BW is sufficient. 

	Lenovo
	Y
	

	CATT
	Y in general
	Suggest also capturing that 12 contiguous PRBs are also considered and evaluated (as optional one) for 30 kHz SCS case.

	SONY
	Y
	

	FUTUREWEI
	Y
	

	Xiaomi
	N
	The TP can’t reflect the following agreement 
Agreement

· 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. 


	ZTE, Sanechips
	Y
	

	Intel
	Y
	

	Samsung
	BW2 needs further clarification
	We’d like to further clarify the BW2, i.e., the assumption on whether UE knows which 5MHz to buffer after FFT, and whether it require full FFT size. Based on the cost break down analysis, company has very different understanding. 
For example, some companies think FFT/Post FFT buffer can be directly cut into 5MHz. while, some companies think FFT/Post FFT buffer require 20Mhz. 

	Qualcomm
	Y
	Suggest to capture optional 12 contiguous PRBs

	CMCC
	Y
	

	MediaTek
	Y
	Current statement looks valid for 5MHz, while there still require RAN4 check on whether 12 RBs can be fit within the 5MHz BW. In this regard, maybe one additional note may help
“Note: For 30 kHz SCS, 12 contiguous RBs are optionally studied”

	Huawei, Hisilicon
	N
	For 30 kHz SCS, both 11 and 12 contiguous RBs have been considered in coverage evaluation, thus, we propose to modify the TP as following:
· For 30 kHz SCS, both 11 and12 contiguous RBs are assumed to fit within the 5 MHz.

	FL3
FL4
	Several received responses propose to add a note about optional evaluation of 12 PRBs for 30 kHz SCS. Regarding BW2, it is clarified that it is optionally considered. Also, the impact of different BW reduction options on the complexity of UE functional blocks are separately discussed in Section 7.2.2. The following proposal can be considered as a baseline for the TP drafting for the TR. The proposal was treated in offline discussion on Tuesday 23rd August.
High Priority Proposal 7.2.1-1b: Use the following TP as baseline text for TR 38.865.
	In the study, the main UE bandwidth reduction options considered for FR1 are as follows:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW2 (optionally considered for evaluations): 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth 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.
For the above bandwidth reduction options, the following aspects are considered:
· 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.
· 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.
· 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.
· Note: For 30 kHz SCS, 12 contiguous RBs are also optionally studied.


 

	
	
	



7.2.2	Analysis of UE complexity reduction
Many contributions discuss potential UE complexity reduction from different UE bandwidth reduction options. Depending on the bandwidth reduction option, the complexity of different UE functional blocks (listed in Table 1) can be reduced. 
Based on the majority of provided cost estimates, the following observations can be made for different bandwidth reduction options.
	For BW1, the main contributors of the cost reduction are the following functional blocks:
· Baseband: ADC/DAC
· Baseband: FFT/IFFT
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
For BW2, the main contributors of the cost reduction are the following functional blocks:
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
For BW3, the main contributors of the cost reduction are the following functional blocks:
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block



Meanwhile, a few contributions mention the potential complexity reduction of ADC/DAC and FFT/IFFT blocks for BW2 [12], DL control processing & decoder for BW1 [12, 23], Filters for BW1 [23], and Power Amplifier for BW1 [12]. 
FL1 High Priority Question 7.2.2-1a: Can the observations listed in the text box above regarding the BW options be captured in the TR? If no, please elaborate on what modifications are needed in the Comments field.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	Generally fine. In addition, BW2 and BW3 may have different degrees of impacts on post-FFT data buffering, we think it is necessary to point out.

	Nokia, NSB
	Y
	

	Nordic 
	N
	BW1: Filters reduction should be captured as well
BW3: We do not see possibility for any cost reduction in Post-FFT data buffering in option BW3

	CATT
	Y in general
	For BW3, regarding post-FFT data buffering, assuming the processing time is not relaxed, the UE needs to buffer all 20 MHz data, until the DCI is decoded and the 5 MHz data can be picked out. So, the cost reduction may not be achieved, or at least not that far as BW1.

	SONY 
	Y
	While BW3 doesn’t allow as much reduction in post-FFT data buffering as BW2, we don’t need to state that in the context of the text proposal. The text proposal is just discussing which are the main contributors to cost reduction and is not trying to quantify or rank those contributors.

	FUTUREWEI
	Y
	BW3 can allow a reduction in post-FFT data buffering especially is cross-slot scheduling is used

	Xiaomi
	Y
	

	ZTE, Sanechips
	Y with adding note
	Suggest to add a note for BW2, some companies assume that ADC/DAC and  FFT/IFFT also would be reduced.
For BW3, FFS whether cost reduction in Post-FFT data buffering in option BW3 should be considerd.

	Intel
	
	Clarification on the complexity analysis is needed for BW2, especially, whether ADC/DAC and FFT/IFFT can be reduced for BW2. Our understanding is at least FFT/IFFT can correspond to 5MHz, otherwise, BW2 can behave same as BW3.

	Samsung
	N
	This cannot explain the reason why BW 2 can have more cost reduction than BW 3.
We think the description of BW 2 needs some clarification first. 

	CMCC
	Y
	

	MediaTek
	Y
	The characterization of cost reduction is reasonable
@Nordic: Since Post-FFT data buffering is dominated by PDSCH (most symbols), BW3 constraint helps UE to reduce needed RB number for PDSCH, thereby reducing the buffer requirement compared with PR3 (where UE cannot know exact RB locations before control channel is decoded). 

	Huawei, Hisilicon
	N
	BW1: MIMO specific processing blocks should be captured as well, because the CSI reporting component in MIMO specific processing block will be of less complexity by reduced number of PRB and sub-bands.
BW3: we do not think Post-FFT data buffering should be captured. A UE has to receive 20MHz bandwidth until the scheduling PDCCH is decoded, unless additional scheduling constraint for timeline between the PDCCH and the scheduled PDSCH is applied.

	FL3
	Regarding post-FFT data buffering, the received responses express that there be different degrees of impacts with different BW reduction options. Therefore, a clarification note is added to capture this aspect. Additional notes are added for BW2 and BW3 considering views from a few companies. Note that the presented lists for different BW options show the main contributors of the cost reduction which have been identified by most of the companies. The following proposal can be considered as a baseline for the TP drafting for the TR.
High Priority Proposal 7.2.2-1b: Use the following TP as baseline text for TR 38.865.
	For BW1, the main contributors of the cost reduction are the following functional blocks:
· Baseband: ADC/DAC
· Baseband: FFT/IFFT
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
For BW2, the main contributors of the cost reduction are the following functional blocks:
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
For BW3, the main contributors of the cost reduction are the following functional blocks:
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
Note 1: BW1, BW2, and BW3 may have different degrees of impacts on the post-FFT data buffering.
Note 2: for BW2, some sources assume that the complexity ADC/DAC and FFT/IFFT bocks can also be reduced.
Note 3: for BW1, one source shows cost reduction for RF filters and once source shows cost reduction for MIMO specific processing block.


 

	FL4

















	Based on offline discussion on Tuesday 23rd August, the following proposal can be considered.
High Priority Proposal 7.2.2-1c: Use the following TP as baseline text for TR 38.865.
	For BW1, the main contributors of the cost reduction are the following functional blocks:
· Baseband: ADC/DAC
· Baseband: FFT/IFFT
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: DL control processing & decoder 
· Baseband: UL processing block
For BW2, the main contributors of the cost reduction are the following functional blocks:
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: DL control processing & decoder 
· Baseband: UL processing block
For BW3, the main contributors of the cost reduction are the following functional blocks:
· Baseband: Post-FFT data buffering
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
Note 1: BW1, BW2, and BW3 may have different degrees of impacts on the post-FFT data buffering depending on the scheduling aspects (cross-slot scheduling, RF retuning, etc.).
[Note 2: For BW2, some sources have assumed that the frequency locations of control and data channels are known in advance and observe that the complexity of the ADC/DAC and FFT/IFFT blocks can also be reduced.]
Note 3: For BW1, one source shows complexity reduction for RF filters and one source shows complexity reduction for MIMO specific processing block.


 

	
	
	



Overall, companies generally agree that there is no significant further cost reduction in the RF part from further UE bandwidth reduction and that the main cost reduction is in the BB part. 
FL1 High Priority Question 7.2.2-2a: Can the following observation regarding UE complexity reduction be captured in the TR?
· For the UE bandwidth reduction options BW1, BW2, and BW3, the cost reduction is mainly in the BB part, and there is no significant cost reduction in the RF part.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nokia, NSB
	Y
	

	Nordic 
	N
	In BW1 there is possibility to reduce cost for BW1 in RF

	Lenovo
	Y
	

	CATT
	Y
	

	SONY
	Y
	

	FUTUREWEI
	Y, but
	For BW1, there may be a possibility to reduce RF complexity

	Xiaomi
	Y
	

	ZTE, Sanechips
	Y
	

	Intel
	Y
	

	Samsung
	Y
	

	Qualcomm
	Y
	

	CMCC
	Y
	

	MediaTek
	Y
	For RF bandwidth below 20 MHz, we do not see the cost reduction benefit (at least for DL part of RF). 

	Huawei, Hisilicon
	Y
	

	FL3
FL4
	Two received responses indicate that there may be a possibility to reduce RF complexity. The following proposal can be considered as a baseline for the TP drafting for the TR.
High Priority Proposal 7.2.2-2b: Use the following TP as baseline text for TR 38.865.
	For the UE bandwidth reduction options BW1, BW2, and BW3, the cost reduction is mainly in the BB part, and although there may be a possibility to reduce RF complexity, there is no significant cost reduction in the RF part.


 

	
	
	



Another general observation is that Rel-17 RedCap can already provide significant cost saving compared to Rel-15 reference UEs, and the additional cost saving by further UE bandwidth reduction in Rel-18 is limited. 
FL1 High Priority Question 7.2.2-3a: Can the following observation regarding UE complexity reduction be captured in the TR?  
· Rel-17 RedCap can already provide significant cost saving compared to Rel-15 reference UEs, and the additional cost saving by further UE bandwidth reduction in Rel-18 is limited.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nokia, NSB
	
	We think it’s sufficient to just have the tables. After all, this observation is not there for the PR and PT option, even though the BW options provide the largest complexity reduction.

	Nordic 
	N
	We prefer to discuss relative cost reduction compared to R17. 

	Lenovo
	
	We have same view with Nokia.

	CATT
	Y
	

	SONY
	N
	Our view is that there is significant complexity saving relative to Rel-17. 
In the analysis, there is essentially a floor in the amount of possible complexity saving that is possible due to the assumed complexity of blocks like SSB and MIMO functions. If more realistic assumptions on the SSB and MIMO function complexity had been made in the first place, the complexity reduction benefits of eRedCap relative to Rel-17 would shine through.

	FUTUREWEI
	N
	We should avoid using vague terms “significant” and “limited” when numerical results are available. There should be similar observations for PR, PT, and the combinations.

	Xiaomi
	N
	This statement is a little bit subjective. In our view, in the TR, we just need to reflect how much cost saving is achieved in objective way. 

	ZTE, Sanechips
	
	We can further visit it after we have all the complexity reduction tables.

	Intel
	
	Instead of saying the cost saving is limited, we prefer to directly capture the average cost reduction or a range of cost reduction for each option or combination of options

	Samsung
	Y
	

	Qualcomm
	N
	We do not need this observation as the cost saving gain diverges for different companies. We can simply have tables summarizing companies’ inputs.

	CMCC
	Y
	

	MediaTek
	Y (with clarification)
	We observe the relative cost reduction w.r.t. R17 is also limited (up to ~10%) and are supportive of the observation. But, since combined complexity reduction schemes can improve the overall saving, it is more precise to include “only” to the observation:
Rel-17 RedCap can already provide significant cost saving compared to Rel-15 reference UEs, and the additional cost saving by only further UE bandwidth reduction in Rel-18 is limited.

	Huawei, Hisilicon
	N
	This SI targets at low-end devices with peak data rate 10Mbps only. For such low-end IoT devices, in our view, the additional cost saving by further UE bandwidth reduction is sufficient and valuable. Therefore, we feel the proposed text seems misleading by stating “limited”.

	FL3
	While some companies support this observation, some others prefer to directly capture the average cost reduction or a range of cost reduction. Therefore, we can further visit this observation after we have all the complexity reduction tables.

	
	
	



The tables below show the average value of the initial cost evaluation results captured in [10]. Specifically, results are provided for Rel-17 RedCap and Rel-18 eRedCap cases with FD-FDD 1Rx, TDD 1Rx, HD-FDD 1Rx, FD-FDD 2Rx, TDD 2Rx, and HD-FDD 2Rx.
Note that the reference Rel-15 NR UE has the following features:

· FDD: 100 MHz, 2 Rx, 2 layers, DL 256QAM, FD-FDD
· TDD: 100 MHz, 4 Rx, 4 layers, DL 256QAM

FD-FDD 1Rx
	Reduced UE bandwidth
	Rel-15 reference
	Rel-17 RedCap
	BW1
	BW2
	BW3

	RF: Power amplifier 
	25%
	23.93%
	23.81%
	24.55%
	23.89%

	RF: Filters
	10%
	4.95%
	4.54%
	5.00%
	4.95%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	45%
	22.78%
	22.49%
	23.19%
	22.78%

	RF: Duplexer / Switch
	20%
	19.42%
	19.42%
	19.45%
	19.42%

	RF: Total
	100%
	71.07%
	70.25%
	72.19%
	71.04%

	BB: ADC / DAC
	10%
	1.23%
	0.42%
	0.92%
	1.19%

	BB: FFT/IFFT
	4%
	0.61%
	0.18%
	0.36%
	0.58%

	BB: Post-FFT data buffering
	10%
	0.95%
	0.27%
	0.38%
	0.59%

	BB: Receiver processing block
	24%
	4.31%
	1.69%
	1.43%
	1.77%

	BB: LDPC decoding
	10%
	1.28%
	0.47%
	0.44%
	0.47%

	BB: HARQ buffer
	14%
	1.37%
	0.39%
	0.38%
	0.39%

	BB: DL control processing & decoder
	5%
	4.74%
	3.83%
	3.76%
	4.49%

	BB: Synchronization / cell search block
	9%
	4.50%
	4.43%
	4.45%
	4.46%

	BB: UL processing block
	5%
	2.70%
	1.47%
	1.43%
	1.63%

	BB: MIMO specific processing blocks
	9%
	4.38%
	4.05%
	4.22%
	4.23%

	BB: Total
	100%
	26.07%
	17.20%
	17.78%
	19.81%

	RF+BB: Total  
	100%
	44.07%
	38.42%
	39.55%
	40.30%



TDD 1Rx
	Reduced UE bandwidth
	Rel-15 reference
	Rel-17 RedCap
	BW1
	BW2
	BW3

	RF: Power amplifier 
	25%
	24.08%
	23.97%
	24.56%
	24.05%

	RF: Filters
	15%
	3.94%
	3.86%
	4.08%
	3.94%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	55%
	19.05%
	18.78%
	19.98%
	19.05%

	RF: Duplexer / Switch
	5%
	4.97%
	4.97%
	4.98%
	4.97%

	RF: Total
	100%
	52.04%
	51.58%
	53.59%
	52.01%

	BB: ADC / DAC
	9%
	0.76%
	0.30%
	0.57%
	0.73%

	BB: FFT/IFFT
	4%
	0.40%
	0.14%
	0.27%
	0.38%

	BB: Post-FFT data buffering
	10%
	0.59%
	0.22%
	0.28%
	0.36%

	BB: Receiver processing block
	29%
	3.21%
	1.54%
	1.48%
	1.56%

	BB: LDPC decoding
	9%
	0.79%
	0.33%
	0.34%
	0.33%

	BB: HARQ buffer
	12%
	0.79%
	0.40%
	0.23%
	0.40%

	BB: DL control processing & decoder
	4%
	3.68%
	3.15%
	3.19%
	3.55%

	BB: Synchronization / cell search block
	9%
	2.49%
	2.44%
	2.45%
	2.45%

	BB: UL processing block
	5%
	2.69%
	1.54%
	1.50%
	1.70%

	BB: MIMO specific processing blocks
	9%
	2.27%
	2.04%
	2.07%
	2.21%

	BB: Total
	100%
	17.66%
	12.08%
	12.40%
	13.68%

	RF+BB: Total  
	100%
	31.41%
	27.88%
	28.88%
	29.01%



HD-FDD 1Rx
	Reduced UE bandwidth
	Rel-15 reference
	Rel-17 RedCap
	BW1
	BW2
	BW3

	RF: Power amplifier 
	25%
	24.50%
	24.50%
	24.50%
	24.50%

	RF: Filters
	10%
	5.17%
	4.64%
	5.17%
	5.17%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	45%
	24.46%
	24.06%
	24.46%
	24.46%

	RF: Duplexer / Switch
	20%
	3.68%
	3.68%
	3.68%
	3.68%

	RF: Total
	100%
	57.81%
	56.87%
	57.81%
	57.81%

	BB: ADC / DAC
	10%
	1.25%
	0.54%
	1.03%
	1.26%

	BB: FFT/IFFT
	4%
	0.71%
	0.25%
	0.44%
	0.72%

	BB: Post-FFT data buffering
	10%
	1.10%
	0.42%
	0.50%
	0.66%

	BB: Receiver processing block
	24%
	4.22%
	1.92%
	1.92%
	2.04%

	BB: LDPC decoding
	10%
	1.41%
	0.58%
	0.58%
	0.58%

	BB: HARQ buffer
	14%
	1.61%
	0.52%
	0.52%
	0.52%

	BB: DL control processing & decoder
	5%
	4.70%
	3.84%
	3.84%
	4.49%

	BB: Synchronization / cell search block
	9%
	4.68%
	4.63%
	4.63%
	4.68%

	BB: UL processing block
	5%
	3.10%
	1.79%
	1.78%
	1.91%

	BB: MIMO specific processing blocks
	9%
	3.81%
	3.56%
	3.58%
	3.81%

	BB: Total
	100%
	26.58%
	18.05%
	18.82%
	20.70%

	RF+BB: Total  
	100%
	39.07%
	33.58%
	34.41%
	35.60%



FD-FDD 2Rx
	Reduced UE bandwidth
	Rel-15 reference
	Rel-17 RedCap
	BW1
	BW2
	BW3

	RF: Power amplifier 
	25%
	24.87%
	24.87%
	25.00%
	24.87%

	RF: Filters
	10%
	10.00%
	9.02%
	9.49%
	9.56%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	45%
	42.47%
	41.51%
	42.63%
	42.47%

	RF: Duplexer / Switch
	20%
	20.00%
	20.00%
	20.00%
	20.00%

	RF: Total
	100%
	97.33%
	95.40%
	97.12%
	96.90%

	BB: ADC / DAC
	10%
	2.12%
	1.03%
	1.52%
	2.13%

	BB: FFT/IFFT
	4%
	1.25%
	0.47%
	0.86%
	1.28%

	BB: Post-FFT data buffering
	10%
	2.17%
	0.84%
	1.11%
	1.52%

	BB: Receiver processing block
	24%
	8.97%
	4.47%
	4.78%
	4.60%

	BB: LDPC decoding
	10%
	2.71%
	1.18%
	1.19%
	1.18%

	BB: HARQ buffer
	14%
	2.53%
	0.97%
	0.91%
	0.97%

	BB: DL control processing & decoder
	5%
	4.93%
	4.13%
	4.25%
	4.93%

	BB: Synchronization / cell search block
	9%
	8.61%
	8.47%
	8.38%
	8.61%

	BB: UL processing block
	5%
	3.20%
	1.99%
	2.04%
	2.08%

	BB: MIMO specific processing blocks
	9%
	7.33%
	6.01%
	6.48%
	7.33%

	BB: Total
	100%
	43.84%
	29.57%
	31.52%
	34.65%

	RF+BB: Total  
	100%
	65.24%
	55.90%
	57.76%
	59.55%



TDD 2Rx
	Reduced UE bandwidth
	Rel-15 reference
	Rel-17 RedCap
	BW1
	BW2
	BW3

	RF: Power amplifier 
	25%
	24.44%
	24.44%
	25.00%
	24.44%

	RF: Filters
	15%
	7.69%
	7.11%
	7.75%
	7.69%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	55%
	33.61%
	31.83%
	33.90%
	33.14%

	RF: Duplexer / Switch
	5%
	4.99%
	4.99%
	5.00%
	4.99%

	RF: Total
	100%
	70.72%
	68.36%
	71.65%
	70.25%

	BB: ADC / DAC
	9%
	1.13%
	0.56%
	0.89%
	1.13%

	BB: FFT/IFFT
	4%
	0.66%
	0.25%
	0.52%
	0.70%

	BB: Post-FFT data buffering
	10%
	1.17%
	0.47%
	0.52%
	0.83%

	BB: Receiver processing block
	29%
	5.82%
	3.08%
	3.34%
	3.15%

	BB: LDPC decoding
	9%
	1.33%
	0.64%
	0.67%
	0.64%

	BB: HARQ buffer
	12%
	1.16%
	0.44%
	0.43%
	0.44%

	BB: DL control processing & decoder
	4%
	3.75%
	3.10%
	3.13%
	3.75%

	BB: Synchronization / cell search block
	9%
	4.50%
	4.56%
	4.50%
	4.63%

	BB: UL processing block
	5%
	2.83%
	1.76%
	1.82%
	1.83%

	BB: MIMO specific processing blocks
	9%
	3.82%
	3.05%
	3.26%
	3.75%

	BB: Total
	100%
	26.17%
	17.90%
	19.09%
	20.85%

	RF+BB: Total  
	100%
	43.99%
	38.08%
	40.12%
	40.61%



HD-FDD 2Rx
	Reduced UE bandwidth
	Rel-15 reference
	Rel-17 RedCap
	BW1
	BW2
	BW3

	RF: Power amplifier 
	25%
	25.00%
	25.00%
	25.00%
	25.00%

	RF: Filters
	10%
	10.00%
	9.03%
	10.00%
	10.00%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	45%
	43.04%
	41.51%
	43.04%
	43.04%

	RF: Duplexer / Switch
	20%
	4.33%
	4.33%
	4.33%
	4.33%

	RF: Total
	100%
	82.38%
	79.88%
	82.38%
	82.38%

	BB: ADC / DAC
	10%
	2.06%
	1.09%
	1.52%
	2.07%

	BB: FFT/IFFT
	4%
	1.15%
	0.49%
	0.73%
	1.18%

	BB: Post-FFT data buffering
	10%
	2.14%
	0.90%
	1.10%
	1.40%

	BB: Receiver processing block
	24%
	9.01%
	4.78%
	4.78%
	4.78%

	BB: LDPC decoding
	10%
	2.69%
	1.19%
	1.19%
	1.19%

	BB: HARQ buffer
	14%
	2.41%
	0.91%
	0.91%
	0.91%

	BB: DL control processing & decoder
	5%
	5.00%
	4.25%
	4.25%
	5.00%

	BB: Synchronization / cell search block
	9%
	8.55%
	8.38%
	8.38%
	8.55%

	BB: UL processing block
	5%
	3.17%
	2.04%
	2.04%
	2.04%

	BB: MIMO specific processing blocks
	9%
	7.23%
	6.48%
	6.48%
	7.23%

	BB: Total
	100%
	43.39%
	30.52%
	31.39%
	34.36%

	RF+BB: Total  
	100%
	58.99%
	50.26%
	51.79%
	53.57%



For comparison, the average cost reduction estimates for different BW reduction options compared to the corresponding Rel-17 RedCap baselines are presented in the table below.
Table 1: Average cost reduction achieved by BW reduction options compared to corresponding Rel-17 baselines
	Option
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	BW1
	12.81%
	11.25%
	14.06%
	14.31%
	13.42%
	14.79%

	BW2
	10.26%
	8.08%
	11.92%
	11.46%
	8.81%
	12.21%

	BW3
	8.55%
	7.66%
	8.90%
	8.72%
	7.68%
	9.19%



FL1 High Priority Question 7.2.2-4a: Can the table formats used in the above 7 tables with cost reduction estimates for the BW options be used as a baseline text for TR 38.865? (Regarding the averaging method, please see Question 6.1-2a.)
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	We suggested in 6.1-2a, the differences between solutions should be listed, the above 7 tables are fine.

	Nokia, NSB
	Y
	

	Nordic 
	Y
	

	Lenovo
	Y
	

	CATT
	Y
	

	SONY
	Y
	

	FUTUREWEI
	Y
	

	Xiaomi
	
	We prefer to reflect which comparison is optional

	ZTE, Sanechips
	Y
	

	Intel
	Y
	

	Samsung
	N
	We have strong concern on the number of ADC and FFT size for BW 2. This needs to be clarified first. 

	Qualcomm
	Y
	

	CMCC
	Y
	

	MediaTek
	Y
	We are supportive of the table structure. If the averaging method is not agreed before this proposal, we suggest to put square brackets on the values 

	FL2
	Based on received responses, the following proposal can be considered.
High Priority Proposal 7.2.2-4b: The table formats used in the 7 tables with cost reduction estimates for the BW options listed in the end of Section 7.2.2 in R1-2207731 are used as a baseline text for TR 38.865.

	Huawei, Hisilicon
	Y
	

	FL3
	RAN1 made the following conclusion in the online session on Monday 22nd August:
Conclusion:
The table formats used in the 7 tables with complexity reduction estimates for the BW options listed in the end of Section 7.2.2 in R1-2207731 are used as a baseline text for TR 38.865.
Note: values in the table may be updated.



7.2.3	Analysis of performance impacts
Many contributions analyze the potential performance impacts of bandwidth reduction options for Rel-18 eRedCap. The findings are summarized below.
Peak data rate:
· P1: Further UE bandwidth reduction results in peak data rate reduction [11, 20, 33].
· P2: Reducing the UE bandwidth leads to peak data rate reduction, but the reduced peak data rate can still fulfill the targeted data rate in Rel-18 [13, 20, 35].
· P3: In terms of the instantaneous peak data rate (i.e., sum of UL and DL), all BW reduction options fulfil the 10 Mbps peak data rate requirement [11].
· P4: In TDD, with 5 MHz UE bandwidth (BW1, BW2, BW3), the achievable peak data rate for UL or DL can be less than 10 Mbps depending on the TDD pattern [11].
· P5: BW1/2/3 can fulfil the data rate requirements of low-end RedCap use cases [14].
Coverage:
· C1: For BW1 and BW2, link performance degradation for PDCCH, and PBCH (30 kHz SCS), and SIB1-PDSCH [11, 14, 15, 20, 22, 28, 29, 31, 32, 33, 34, 35, 38]
· C2: For BW1, BW2 and BW3, performance loss for Msg4 and PDSCH [33]
· C3: For BW3, coverage impact for SIB1-PDSCH if the BW allocation for SIB1 PDSCH exceeds 5 MHz [11, 15, 19, 22, 33, 38]
· C4: Based on link-budget analysis, there is no impact to coverage for BW1/BW2/BW3 [22]
· C5: Coverage would be degraded if a Rel-18 eRedCap UE punctures the bits outside its BB bandwidth or Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured. No significant impact is expected if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted [37].
· C6: In case of SCS 30 kHz, the PBCH coverage loss can be compensated by UE itself with RF retuning [13].
Latency:
· L1: Impact of further UE bandwidth reduction on the latency is insignificant [11, 20].
· L2: 5 MHz UE bandwidth (BW1, BW2, BW3) can sufficiently fulfil relaxed latency requirements of Rel-18 eRedCap use cases [11, 15].
· L3: There will be additional latency introduced for UE bandwidth reduction Option BW1 if it supports RF retuning and for UE bandwidth reduction Option BW2 and Option BW3 if it uses cross-slot scheduling, compared to Rel-17 RedCap [15].
· L4: Latency would increase if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted. No significant impact is expected if a Rel-18 eRedCap UE punctures the bits outside its BB bandwidth or Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured [37].
· L5: For BW1, BW2 and BW3, the access latency of eRedCap UEs may increase due to common PDCCH or broadcast PDSCH performance reduction [33].
· L6: For Options BW1/2, there would be an impact to the latency of co-existing non-5MHz UEs if the SCS of CD-SSB and CORESET #0 is always configured to be 15 kHz [19].
PDCCH blocking:
· B1: For BW1 and BW2, significant impact on PDCCH blocking probability [11, 14, 20, 29]

FL1/FL3/FL4 Medium Priority Question 7.2.3-1a: Considering the above observations on the UE bandwidth reduction, what performance impacts for BW1, BW2, BW3 should be considered as a baseline for the TP drafting for TR section 7.2.3?
	Company
	Impacts (P1-P5, C1-C6, L1-L6, B1)
	Comments or suggested revisions

	
	
	

	
	
	

	
	
	



7.2.4	Analysis of network deployment and coexistence impacts
Many contributions discuss the potential network deployment and coexistence impacts of bandwidth reduction options for Rel-18 eRedCap. The findings are summarized below.
1. Bandwidth reduction options BW1 and BW2 can have coexistence impacts in terms of support of SSB/CORESET #0 configurations (especially 30 kHz SCS [11, 14, 15, 19, 29, 33, 35, 36].
2. For all the BW reduction options BW1, BW2 and BW3, there is no coexistence issue with legacy UEs if the common channels such as SIB1, OSI, RAR, MSG3 etc. are scheduled within 5MHz; Otherwise, there is some coexistence issue with legacy UEs [15].
3. For BW1 and BW2, impact on SSB transmissions (e.g., NCD-SSB overhead) and BWP operation [11, 19, 20, 35]
4. For BW1 and BW2, there are limitations of RACH configurations and PRACH sharing procedure [11, 14, 19, 20, 21, 35]
5. For BW1 and BW2, there are impacts if new initial BWPs are introduced [14]
6. The potential coexistence impact for BW3 (BB-only bandwidth reduction for data channels) is small [11].
7. RedCap UE supporting BW1/BW2/BW3 can coexist with legacy UEs [22].
8. Bandwidth reduction option BW3 achieves better coexistence performance than option BW1 in aspects of reusing legacy SSB, CORESET0, SIB1, paging, RACH, and avoiding additional SSB overhead [29].
9. Early indication might be needed for BW1, BW2, and BW3 [11, 22, 29, 35, 36, 37]
10. For Option BW2, significant coexistence impacts are observed in terms of CORESET#0 configuration, paging, SIB sharing, separate initial BWP sharing and RACH resource sharing [20].
11. For Option BW1, significant coexistence impacts are observed in terms of CD-SSB acquisition, CORESET#0 configuration, paging, SIB sharing, separate initial BWP sharing, RACH resource sharing and NCD-SSB burden [20].
12. The NW overhead would be increased if Rel-18 eRedCap dedicated resource(s) which does not exceed the Rel-18 eRedCap UE BB bandwidth is specified/configured separately from those for legacy UEs [37].
13. No significant impact is expected for coexistence with legacy UEs if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted or a Rel-18 eRedCap UE punctures the bits outside its BB bandwidth [37].
14. For BW1 and BW2, impact on network deployment and configuration flexibility [Ericsson]
15. PUSCH resource fragmentation for BW1 [32, 35]
16. Handling PUCCH resources for BW1 [21, 32]
17. DL common message might be limited to a small TBS to support BW 1 and BW 3 [28].
18. BW1/BW2 seems to have the largest coexistence issues among evaluated options [23]. 
19. For BW1/BW2 SCS of 60kHz is not applicable
20. For BW1 and BW2, impact on the support of PUCCH format 2 and 3 bandwidth (up to 16 PRBs) [33, 37]
21. For BW1 and BW2, impact on the support of TRS BW (52 or 48 PRBs) [37]

FL1/FL3/FL4 Medium Priority Question 7.2.4-1a: Considering the above observations on the UE bandwidth reduction, what network deployment and coexistence impacts for BW1, BW2, BW3 should be considered as a baseline for the TP drafting for TR section 7.2.4?
	Company
	Impacts (1-21)
	Comments or suggested revisions

	
	
	

	
	
	

	
	
	



7.2.5	Analysis of specification impacts
Many contributions discuss the potential specification impacts of bandwidth reduction options for Rel-18 eRedCap. The findings are summarized below.
1. BW1 and BW2 can have significant specification impacts, considering the impacts on initial access, random access, SSB/CORESET #0 configurations (especially 30 kHz SCS), BWP configuration, and early indication [11, 15, 20, 22].
2. For BW, there is large specification impact in aspects of coverage enhancement, CORESET0/SIB1/paging/RACH design and additional SSB transmission in connected mode [29].
3. For BW1/2, if another initial BWPs need to be introduced, huge spec impacts and network impacts were expected [14].
4. For Option BW3, specification impact is foreseen on FDRA, RACH procedure, paging procedure and SIB transmission.
5. BWP operation and SSB transmission for BW1 and BW2 [11, 15]
6. Operation with TDD center frequency alignment for BW1 [15]
7. BW3 should be considered for the WID for its relatively small deployment and specification impact [12]
8. No significant specification impact is expected if a Rel-18 eRedCap UE perform RF-retuning to receive the channels/signals which are periodically transmitted or a Rel-18 eRedCap UE punctures the bits outside its maximum bandwidth [37].
9. For BW1 and BW2, enhancements needed on the user multiplexing capacity of common PUCCH resources for both PUCCH format 0 and 1 especially when FH for the common PUCCH resources is disabled [32].
10. For BW3, consider source allocation enhancement as the potential specification impact [28]. 
In addition, a few contributions propose to support 12 PBRs within 5 MHz UE bandwidth for 30 kHz SCS with the potential benefits for supporting PRACH and CORESET configurations, and DFT-s-OFDM [20, 23, 26, 31, 32]. In this case, there will be specification impacts which also requires RAN4 confirmation. One contribution [23] proposes to send LS to RAN4, ask whether 12 PRBs could be supported in 5MHz carrier of 30 kHz SCS at least for (i) BW2 and for (ii) BW1 if gNB carrier is larger than 5 MHz.
FL1/FL3/FL4 Medium Priority Question 7.2.5-1a: Considering the above observations on the UE bandwidth reduction, what specification impacts for BW1, BW2, BW3 should be considered as a baseline for the TP drafting for TR section 7.2.5?
	Company
	Impacts (1-10)
	Comments or suggested revisions

	
	
	

	
	
	

	
	
	



7.3	Further UE peak rate reduction
7.3.1	Description of feature
RAN1#109e made the following agreements regarding the study of further 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:
· The restricted number of PRBs in Option PR3 is a hardcoded limit.

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 ([image: ], [image: ], [image: ]) [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.




Based on the above agreements, the following text proposal for the TR can be considered.
	In the study, the main UE peak rate reduction options considered for FR1 are as follows:
· Option PR1: Relaxation of the constraint   for peak data rate reduction.
· The relaxed constraint is 1 (instead of 4).
· The parameters ([image: ], [image: ], [image: ]) [38.306] can be as in Rel-17 RedCap.

· Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· 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.

· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11.
· The restricted number of PRBs in Option PR3 is a hardcoded limit.
For the above peak rate reduction options, the following aspects are considered:
· 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.
· 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.



FL1 High Priority Question 7.3.1-1a: Can the above description on the UE peak rate reduction options be used as a baseline text for TR 38.865?
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nordic 
	Y
	

	Lenovo
	Y
	

	CATT
	Y
	

	SONY
	Y
	

	FUTUREWEI
	Y
	

	Xiaomi
	Y
	

	ZTE, Sanechips
	Y
	

	Intel
	Y
	

	Samsung
	Y
	

	Qualcomm
	Y
	

	CMCC
	Y
	

	MediaTek
	Y (with clarification)
	For PR3, we would like to include additional description for clarifying the difference from BW3 (of the same RB limit as PR3):
For the above peak rate reduction options, the following aspects are considered:
· …
· The resource allocation spans a bandwidth of maximum 20 MHz (maximum UE channel bandwidth). PR3 assumes post-FFT buffering of 20MHz span of PDSCH since precise RB location is not possibly known before DCI information is successfully extracted.

	Huawei, Hisilicon
	Y
	

	FL3
FL4
	The received responses support the description of the PR options. One response suggests a clarification for PR3. The following proposal can be considered as a baseline for the TP drafting for the TR.
High Priority Proposal 7.3.1-1b: Use the following TP as baseline text for TR 38.865.
	In the study, the main UE peak rate reduction options considered for FR1 are as follows:
· Option PR1: Relaxation of the constraint   for peak data rate reduction.
· The relaxed constraint is 1 (instead of 4).
· The parameters ([image: ], [image: ], [image: ]) [38.306] can be as in Rel-17 RedCap.

· Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· 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.

· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11.
· The restricted number of PRBs in Option PR3 is a hardcoded limit.
For the above peak rate reduction options, the following aspects are considered:
· 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).
· Note: Different from BW3, PR3 assumes post-FFT buffering of 20 MHz span of PDSCH since precise RB location is not possibly known before DCI information is successfully extracted.
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· 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.


 

	
	
	



7.3.2	Analysis of UE complexity reduction
Many contributions discuss potential UE complexity reduction from different UE peak rate reduction options. Depending on the peak reduction option, the complexity of different UE functional blocks (listed in Table 1) can be reduced. 
Based on the majority of provided cost estimates, the following observations can be made for different peak rate reduction options.
	For PR1 and PR2, the main contributors of the cost reduction are the following functional blocks:
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
For PR3, the main contributors of the cost reduction are the following functional blocks:
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block



FL1 High Priority Question 7.3.2-1a: Can the observations listed in the text box above regarding the PR options be captured in the TR? If no, please elaborate on what modifications are needed in the Comments field.
	Company
	Y/N
	Comments

	Spreadtrum
	
	From our perspective, Receiver processing block is another main contributor of the cost reduction for PR1/PR2. We prefer to add it under PR1/PR2.

	Nokia, NSB
	Y
	

	Nordic 
	N
	No UL processing cost saving is possible for PR1/2

	CATT
	Y
	

	SONY
	N
	For PR3, post-FFT data buffering also contributes to complexity saving. Once PDCCH has been decoded, the UE only needs to buffer the PRBs of interest. This seems similar to BW3.

	FUTUREWEI
	Y
	

	Xiaomi
	N
	Since the UE BW is not reduced, channel UL processing cost saving is marginal for PR3, which is not the main contributors of the cost reduction. 

	ZTE, Sanechips
	Y
	

	Intel
	N
	Agree with Sony. For PR3, the post-FFT data buffering can also be reduced since the number of PRBs is limited to 25 or 11 instead of 106 or 51. 

	Samsung
	
	Further clarify on assumption of post-FFT buffer is preferred

	CMCC
	Y
	

	MediaTek 
	N
	Agree with Nordic, there is little saving in UL processing for PR1/2.

	Huawei, Hisilicon
	Y
	

	FL3
FL4
	One received responses indicates that the Receiver processing block should be included in the list for PR1/PR2. However, based on the provided results by other companies, no reduction is observed for Receiver processing block for PR1/2/3. Three responses express that no/small UL processing cost saving is possible for PR1/2/3.  
Regarding post-FFT buffer for PR3, there is a clarification note in Proposal 7.3.1-1b which can be discussed:
· Note: Different from BW3, PR3 assumes post-FFT buffering of 20 MHz span of PDSCH since precise RB location is not possibly known before DCI information is successfully extracted.
Based on the above views, the following question can be considered:
High Priority Question 7.3.2-1b: Can the complexity of UL processing block be reduced with PR1/PR2/PR3?

	
	
	



The tables below show the average value of the initial cost evaluation results captured in [10]. Specifically, results are provided for Rel-17 RedCap and Rel-18 eRedCap cases with FD-FDD 1Rx, TDD 1Rx, HD-FDD 1Rx, FD-FDD 2Rx, TDD 2Rx, and HD-FDD 2Rx.
FD-FDD 1Rx
	Reduced UE peak rate
	Rel-15 reference
	Rel-17 RedCap
	PR1
	PR2
	PR3

	RF: Power amplifier 
	25%
	23.93%
	23.93%
	23.93%
	23.93%

	RF: Filters
	10%
	4.95%
	4.95%
	4.95%
	4.95%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	45%
	22.78%
	22.78%
	22.78%
	22.78%

	RF: Duplexer / Switch
	20%
	19.42%
	19.42%
	19.42%
	19.42%

	RF: Total
	100%
	71.07%
	71.07%
	71.07%
	71.07%

	BB: ADC / DAC
	10%
	1.23%
	1.19%
	1.19%
	1.19%

	BB: FFT/IFFT
	4%
	0.61%
	0.59%
	0.59%
	0.59%

	BB: Post-FFT data buffering
	10%
	0.95%
	0.97%
	0.97%
	0.88%

	BB: Receiver processing block
	24%
	4.31%
	4.10%
	4.10%
	2.25%

	BB: LDPC decoding
	10%
	1.28%
	0.42%
	0.40%
	0.45%

	BB: HARQ buffer
	14%
	1.37%
	0.39%
	0.36%
	0.39%

	BB: DL control processing & decoder
	5%
	4.74%
	4.67%
	4.67%
	4.52%

	BB: Synchronization / cell search block
	9%
	4.50%
	4.46%
	4.46%
	4.46%

	BB: UL processing block
	5%
	2.70%
	1.90%
	1.84%
	1.55%

	BB: MIMO specific processing blocks
	9%
	4.38%
	4.23%
	4.23%
	4.23%

	BB: Total
	100%
	26.07%
	22.91%
	22.81%
	20.51%

	RF+BB: Total  
	100%
	44.07%
	42.17%
	42.11%
	40.73%



TDD 1Rx
	Reduced UE peak rate
	Rel-15 reference
	Rel-17 RedCap
	PR1
	PR2
	PR3

	RF: Power amplifier 
	25%
	24.08%
	24.08%
	24.08%
	24.08%

	RF: Filters
	15%
	3.94%
	3.94%
	3.94%
	3.94%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	55%
	19.05%
	19.05%
	19.05%
	19.05%

	RF: Duplexer / Switch
	5%
	4.97%
	4.97%
	4.97%
	4.97%

	RF: Total
	100%
	52.04%
	52.04%
	52.04%
	52.04%

	BB: ADC / DAC
	9%
	0.76%
	0.73%
	0.73%
	0.73%

	BB: FFT/IFFT
	4%
	0.40%
	0.39%
	0.39%
	0.39%

	BB: Post-FFT data buffering
	10%
	0.59%
	0.57%
	0.57%
	0.56%

	BB: Receiver processing block
	29%
	3.21%
	3.03%
	3.03%
	1.84%

	BB: LDPC decoding
	9%
	0.79%
	0.30%
	0.29%
	0.32%

	BB: HARQ buffer
	12%
	0.79%
	0.39%
	0.38%
	0.39%

	BB: DL control processing & decoder
	4%
	3.68%
	3.58%
	3.58%
	3.58%

	BB: Synchronization / cell search block
	9%
	2.49%
	2.45%
	2.45%
	2.45%

	BB: UL processing block
	5%
	2.69%
	1.91%
	1.85%
	1.66%

	BB: MIMO specific processing blocks
	9%
	2.27%
	2.21%
	2.21%
	2.22%

	BB: Total
	100%
	17.66%
	15.56%
	15.49%
	14.14%

	RF+BB: Total  
	100%
	31.41%
	30.15%
	30.11%
	29.30%



HD-FDD 1Rx
	Reduced UE peak rate
	Rel-15 reference
	Rel-17 RedCap
	PR1
	PR2
	PR3

	RF: Power amplifier 
	25%
	24.50%
	24.50%
	24.50%
	24.50%

	RF: Filters
	10%
	5.17%
	5.17%
	5.17%
	5.17%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	45%
	24.46%
	24.46%
	24.46%
	24.46%

	RF: Duplexer / Switch
	20%
	3.68%
	3.68%
	3.68%
	3.68%

	RF: Total
	100%
	57.81%
	57.81%
	57.81%
	57.81%

	BB: ADC / DAC
	10%
	1.25%
	1.25%
	1.25%
	1.25%

	BB: FFT/IFFT
	4%
	0.71%
	0.71%
	0.71%
	0.71%

	BB: Post-FFT data buffering
	10%
	1.10%
	1.10%
	1.10%
	1.04%

	BB: Receiver processing block
	24%
	4.22%
	4.05%
	4.04%
	2.37%

	BB: LDPC decoding
	10%
	1.41%
	0.50%
	0.49%
	0.56%

	BB: HARQ buffer
	14%
	1.61%
	0.48%
	0.46%
	0.49%

	BB: DL control processing & decoder
	5%
	4.70%
	4.70%
	4.70%
	4.49%

	BB: Synchronization / cell search block
	9%
	4.68%
	4.68%
	4.68%
	4.68%

	BB: UL processing block
	5%
	3.10%
	2.07%
	2.00%
	1.77%

	BB: MIMO specific processing blocks
	9%
	3.81%
	3.81%
	3.81%
	3.81%

	BB: Total
	100%
	26.58%
	23.33%
	23.24%
	21.20%

	RF+BB: Total  
	100%
	39.07%
	37.12%
	37.06%
	35.90%



FD-FDD 2Rx
	Reduced UE peak rate
	Rel-15 reference
	Rel-17 RedCap
	PR1
	PR2
	PR3

	RF: Power amplifier 
	25%
	24.87%
	24.87%
	24.87%
	24.87%

	RF: Filters
	10%
	10.00%
	9.56%
	9.29%
	9.29%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	45%
	42.47%
	42.47%
	40.32%
	40.32%

	RF: Duplexer / Switch
	20%
	20.00%
	20.00%
	20.00%
	20.00%

	RF: Total
	100%
	97.33%
	96.90%
	94.48%
	94.48%

	BB: ADC / DAC
	10%
	2.12%
	2.05%
	2.05%
	2.05%

	BB: FFT/IFFT
	4%
	1.25%
	1.20%
	1.20%
	1.20%

	BB: Post-FFT data buffering
	10%
	2.17%
	2.11%
	2.11%
	2.08%

	BB: Receiver processing block
	24%
	8.97%
	8.68%
	8.68%
	5.31%

	BB: LDPC decoding
	10%
	2.71%
	0.93%
	0.90%
	1.08%

	BB: HARQ buffer
	14%
	2.53%
	0.84%
	0.80%
	0.88%

	BB: DL control processing & decoder
	5%
	4.93%
	4.93%
	4.93%
	4.93%

	BB: Synchronization / cell search block
	9%
	8.61%
	8.36%
	8.36%
	8.36%

	BB: UL processing block
	5%
	3.20%
	2.12%
	2.12%
	2.11%

	BB: MIMO specific processing blocks
	9%
	7.33%
	7.08%
	7.08%
	7.08%

	BB: Total
	100%
	43.84%
	38.30%
	38.23%
	35.07%

	RF+BB: Total  
	100%
	65.24%
	61.74%
	60.73%
	58.83%



TDD 2Rx
	Reduced UE peak rate
	Rel-15 reference
	Rel-17 RedCap
	PR1
	PR2
	PR3

	RF: Power amplifier 
	25%
	24.44%
	24.44%
	24.44%
	24.44%

	RF: Filters
	15%
	7.69%
	7.69%
	7.69%
	7.69%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	55%
	33.61%
	33.14%
	33.14%
	33.14%

	RF: Duplexer / Switch
	5%
	4.99%
	4.99%
	4.99%
	4.99%

	RF: Total
	100%
	70.72%
	70.25%
	70.25%
	70.25%

	BB: ADC / DAC
	9%
	1.13%
	1.13%
	1.13%
	1.13%

	BB: FFT/IFFT
	4%
	0.66%
	0.68%
	0.68%
	0.68%

	BB: Post-FFT data buffering
	10%
	1.17%
	1.21%
	1.19%
	1.20%

	BB: Receiver processing block
	29%
	5.82%
	5.71%
	5.71%
	3.55%

	BB: LDPC decoding
	9%
	1.33%
	0.54%
	0.53%
	0.61%

	BB: HARQ buffer
	12%
	1.16%
	0.41%
	0.40%
	0.43%

	BB: DL control processing & decoder
	4%
	3.75%
	3.75%
	3.75%
	3.75%

	BB: Synchronization / cell search block
	9%
	4.50%
	4.63%
	4.63%
	4.63%

	BB: UL processing block
	5%
	2.83%
	1.93%
	1.90%
	1.91%

	BB: MIMO specific processing blocks
	9%
	3.82%
	3.76%
	3.76%
	3.76%

	BB: Total
	100%
	26.17%
	23.75%
	23.68%
	21.65%

	RF+BB: Total  
	100%
	43.99%
	42.35%
	42.31%
	41.09%



HD-FDD 2Rx
	Reduced UE peak rate
	Rel-15 reference
	Rel-17 RedCap
	PR1
	PR2
	PR3

	RF: Power amplifier 
	25%
	25.00%
	25.00%
	25.00%
	25.00%

	RF: Filters
	10%
	10.00%
	10.00%
	10.00%
	10.00%

	RF: Transceiver (incl. LNAs, mixer, and local oscillator)
	45%
	43.04%
	43.04%
	43.04%
	43.04%

	RF: Duplexer / Switch
	20%
	4.33%
	4.33%
	4.33%
	4.33%

	RF: Total
	100%
	82.38%
	82.38%
	82.38%
	82.38%

	BB: ADC / DAC
	10%
	2.06%
	2.04%
	2.04%
	2.04%

	BB: FFT/IFFT
	4%
	1.15%
	1.15%
	1.15%
	1.15%

	BB: Post-FFT data buffering
	10%
	2.14%
	2.14%
	2.14%
	2.09%

	BB: Receiver processing block
	24%
	9.01%
	8.77%
	8.77%
	5.43%

	BB: LDPC decoding
	10%
	2.69%
	0.94%
	0.90%
	1.11%

	BB: HARQ buffer
	14%
	2.41%
	0.82%
	0.78%
	0.87%

	BB: DL control processing & decoder
	5%
	5.00%
	5.00%
	5.00%
	5.00%

	BB: Synchronization / cell search block
	9%
	8.55%
	8.55%
	8.55%
	8.55%

	BB: UL processing block
	5%
	3.17%
	2.09%
	2.09%
	2.07%

	BB: MIMO specific processing blocks
	9%
	7.23%
	7.23%
	7.23%
	7.23%

	BB: Total
	100%
	43.39%
	38.74%
	38.65%
	35.55%

	RF+BB: Total  
	100%
	58.99%
	56.19%
	56.14%
	54.28%



For comparison, the average cost reduction estimates for different peak rate reduction options compared to the corresponding Rel-17 RedCap baselines are presented in the table below.
Table 1: Average cost reduction achieved by peak rate reduction options compared to corresponding Rel-17 baselines
	Option
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	PR1
	4.30%
	4.02%
	4.99%
	5.36%
	3.73%
	4.74%

	PR2
	4.43%
	4.16%
	5.14%
	6.91%
	3.82%
	4.82%

	PR3
	7.57%
	6.74%
	8.12%
	9.81%
	6.59%
	7.98%



FL1 High Priority Question 7.3.2-2a: Can the table formats used in the above 7 tables with cost reduction estimates for the PR options be used as a baseline text for TR 38.865? (Regarding the averaging method, please see Question 6.1-2a.)
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nokia, NSB
	Y
	

	Nordic 
	Y
	

	Lenovo
	Y
	

	CATT
	Y
	

	SONY
	Y
	

	FUTUREWEI
	Y
	

	Xiaomi
	
	Suggest to reflect optional evaluation cases in these tables, such as HD-FDD with 1RX, TDD with 2 RX, etc.

	ZTE, Sanechips
	Y
	

	Intel
	Y
	

	Qualcomm
	Y
	

	CMCC
	Y
	

	MediaTek
	Y (with square brackets)
	Due to the dependency with averaging method, if this proposal is to be agreed prior to the decision on averaging method, we suggest to include square brackets on the values.

	FL2
	Based on received responses, the following proposal can be considered.
High Priority Proposal 7.3.2-2b: The table formats used in the 7 tables with cost reduction estimates for the PR options listed in the end of Section 7.3.2 in R1-2207731 are used as a baseline text for TR 38.865.

	FL3
	RAN1 made the following conclusion in the online session on Monday 22nd August:
Conclusion:
The table formats used in the 7 tables with complexity reduction estimates for the PR options listed in the end of Section 7.3.2 in R1-2207731 are used as a baseline text for TR 38.865.
Note: values in the table may be updated.



7.3.3	Analysis of performance impacts
Many contributions analyze the potential performance impacts of peak rate reduction options for Rel-18 eRedCap. The findings are summarized below.
1. There is no impact to coverage, network deployment, and coexistence for PR1/PR2/PR3. There are small impacts to cell spectral efficiency, power consumption, and latency [11].
2. PR1/PR2/PR3 can fulfil the data rate requirements of in Rel-18 [11, 14, 20, 31, 35].
3. For PR1, for high modulation order or 2 layers, the existing values of cannot satisfy the requirement of peak data rate reduction in Rel-18 [33].
4. For PR1/PR2/PR3, no coverage loss was expected [11, 14, 20].
5. For Option PR3, there would be coverage loss on PDSCH/PUSCH compared with legacy UEs and Options PR1/2 [19].

FL1/FL3/FL4 Medium Priority Question 7.3.3-1a: Considering the above observations on the UE peak rate reduction, what performance impacts for PR1, PR2, PR3 should be considered as a baseline for the TP drafting for TR section 7.3.3?
	Company
	Impacts (1-5)
	Comments or suggested revisions

	Xiaomi
	2, 4
	1. For PR3, one issue needs to be clarified: Whether the number of RBs allocated for PDSCH and PUSCH is always less than 25RBs@15KHz or 11RBs@30KHZ?
If so, both SIBx, paging and RACH messages in initial access phase should always be scheduled within 5MHZ and early indication may be needed in order to avoid the scheduling flexibility of legacy UEs. Otherwise, no coexistence issue exists, and the actually number of RBs reception or transmission by eRedCap UE can be less the allocated ones. 
3. The assumption of high modulation order is not appropriate. In any case, the eRedcap UE can report a lower modulation order than the actually scheduled one to calculate the peak data rate.

	CMCC
	4
	

	
	
	



7.3.4	Analysis of network deployment and coexistence impacts
Many contributions discuss the potential network deployment and coexistence impacts of peak rate options for Rel-18 eRedCap. The findings are summarized below.
1. For PR1 and PR2, there is no or small coexistence issue [12, 15]
2. For PR3, similar as BW3, it requires SIB1, OSI, RAR, MSG4 are scheduled within 5MHz which may have some impact on legacy UEs [15].
3. For PR3, a scheduling limitation for SIB was observed [14].
4. For option PR3, configurable resource would be restricted for SIB1 if it is shared between legacy and Rel-18 eRedCap UEs [37].
5. PR3 will introduce scheduling restrictions for shared SIB1 transmission and for Msg4 without early identification [29].
6. For Option PR3, coexistence impacts are observed in terms RACH resource sharing, paging sharing and SIB sharing [20].
7. For PR2, the use of MCS is restricted, which is dependent on the size of transmission resource of PDSCH or PUSCH [33].
8. PR1, PR2, & PR3 bring scheduling restriction for the transmission of system information due to peak rate restriction [35]
9. For PR1, PR2, & PR3, early indication may be required for indicating peak rate restriction for random access procedure [35]

FL1/FL3/FL4 Medium Priority Question 7.3.4-1a: Considering the above observations on the UE peak rate reduction, what network deployment and coexistence impacts for PR1, PR2, PR3 should be considered as a baseline for the TP drafting for TR section 7.3.4?
	Company
	Impacts (1-9)
	Comments or suggested revisions

	Xiaomi
	1
	2. “Paging” should be added.
2, 3, 4, 5, 6, 9. As we mentioned in FL1 Medium Priority Question 7.3.3-1a, further clarification is needed.
7. We can’t see the need to restrict the use of MCS. For TBS restriction, it can be implemented by gNB scheduling with appropriate time and frequency domain resource allocation, MCS and MIMO layer indication.
8. All three option PRs can satisfy the peak data rate requirement of eRedCap UE. And, according to DL peak data rate 10Mbps, the maximum TBS is about 10000bits and 5000bits in TDD and FDD band, separately, which is much larger than the TBS of SIBx. So, it is hard to say the scheduling of system information is limited by the reduced peak data rate.

	
	
	

	
	
	



7.3.5	Analysis of specification impacts
Many contributions discuss the potential specification impacts of peak rate reduction options for Rel-18 eRedCap. The findings are summarized below.
1. PR1/PR2/PR3 has minimal specification impact [11, 12, 14, 22].
2. For Option PR1 and PR2, minor specification impact is foreseen for TBS calculation and/or data rate restriction [11, 20].
3. For Option PR3, specification impact is foreseen on FDRA, RACH procedure, paging procedure and SIB transmission [20].
4. For option PR1, no significant impact is expected for specification if the modulation order and/or number of MIMO layers supported by Rel-18 eRedCap is not restricted/reduced [37].
5. For option PR2 and PR3, Rel-18 eRedCap early indication would be necessary [37].
6. For option PR3, distributed resource allocation is not applied for uplink [35]

FL1/FL3/FL4 Medium Priority Question 7.3.5-1a: Considering the above observations on the UE peak rate reduction, what network specification impacts for PR1, PR2, PR3 should be considered as a baseline for the TP drafting for TR section 7.3.5?
	Company
	Impacts (1-5)
	Comments or suggested revisions

	Xiaomi
	2
	3, 5. Further clarification is needed. Besides, for sentence 5, we can’t see the necessity to introduce early indication mechanism for option PR2.
4. The restriction/reduction of modulation order and/or number of MIMO layers is out of scope, which should be removed. 

	Qualcomm
	
	6 is newly added as distributed resource allocation is not supported for PUSCH in current spec. (38.214) So PR3 is only applied for DL in principle.

	CMCC
	2
	



7.4	Relaxed UE processing timeline
[bookmark: _Hlk41391803]7.4.1	Description of feature
Relaxed UE processing timeline was part of the study in Rel-17 RedCap study item where the following description was captured in TR 38.875 [5].
	In the [Rel-17] RedCap study item, relaxed UE processing time is considered in terms of more relaxed N1 and N2 values (as defined in TS 38.214) compared to those of UE processing time capability 1. In the study, for the purpose of evaluation, the relaxed UE processing time in terms of N1 and N2 are assumed to be doubled compared to those of capability 1, i.e.,
-	N1 = 16, 20, 34, and 40 symbols for 15, 30, 60, and 120 kHz SCS (assuming only front-loaded DMRS)
-	N2 = 20, 24, 46, and 72 symbols for 15, 30, 60, and 120 kHz SCS
In the study, for the purpose of evaluation, relaxed CSI computation time was also considered, assuming doubled Z and Z’ compared to the values defined in TS 38.214 clause 5.4.



RAN1#109e made the following agreements regarding the study of relaxed UE processing timeline in the Rel-18 study item:
	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.




The agreements are in line with the description captured in TR 38.875 with an additional aspect where the combination of relaxed N1/N2 and Z/Z’ is also studied. In addition to the agreements, some contributions provide other possible alternatives. One contribution [31] consider relaxation factor for N1 and N2 other than 2, e.g., half slot or more than 1 slot. One contribution [24] mentioned simplifications (reductions) to the number of CSI processing units (CPUs) and the number of ports in a CSI-RS resource as possible alternatives for relaxed CSI computation.    
Based on the above, the following text proposal for the TR can be considered:
	In the study, relaxed UE processing timeline is considered for FR1. The main options for the study are as follows:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2 (as defined in TS 38.214) compared to those of UE processing time capability 1
· The relaxation factor for N1 and N2 is assumed to be 2 in the study.

· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’ compared to the values defined in TS 38.214 clause 5.4
· [bookmark: _Hlk111730655]The relaxation factor for Z and Z’ is assumed to be 2 in the study.

For the above relaxed UE processing timeline options, the following aspects are considered:
· The combination of Options PT1 and PT2 is also studied.
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.




FL1 High Priority Question 7.4.1-1a: Can the above description on the relaxed UE processing timeline options be used as a baseline text for TR 38.865?
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nokia, NSB
	Y
	

	Nordic 
	Y
	

	Lenovo
	Y
	

	CATT
	Y
	

	SONY
	Y
	

	FUTUREWEI
	Y
	

	Xiaomi
	Y
	

	ZTE, Sanechips
	Y
	

	Intel
	Y
	

	Samsung
	Y
	

	Qualcomm
	Y
	

	CMCC
	Y
	

	MediaTek 
	Y
	

	Huawei, Hisilicon
	Y
	

	FL3
FL4
	Based on received responses, the following proposal can be considered as a baseline for the TP drafting for the TR.
High Priority Proposal 7.4.1-1b: Use the following TP as baseline text for TR 38.865.
	In the study, relaxed UE processing timeline is considered for FR1. The main options for the study are as follows:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2 (as defined in TS 38.214) compared to those of UE processing time capability 1
· The relaxation factor for N1 and N2 is assumed to be 2 in the study.

· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’ compared to the values defined in TS 38.214 clause 5.4
· The relaxation factor for Z and Z’ is assumed to be 2 in the study.

For the above relaxed UE processing timeline options, the following aspects are considered:
· The combination of Options PT1 and PT2 is also studied.
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.



 

	
	
	



7.4.2	Analysis of UE complexity reduction
Relaxed UE processing time in terms of N1 and N2:
Many contributions [11, 12, 13, 14, 15, 16, 20, 23, 25, 28, 31, 33] described potential UE complexity reduction from relaxed UE processing time similarly to those captured in TR 38.875. That is, relaxed UE processing time in terms of N1 and N2 potentially reduces UE complexity by allowing a longer time for the processing of PDCCH and PDSCH and preparing PUSCH and PUCCH. These potentially allow for possible slower processor with reduced clock frequency, distribution of the computation load over time, and reduced the number of parallel processing and chip area. It is noted though that complexity reduction from relaxed UE processing timeline option PT1 is highly dependent on implementation.

From several contributions, it can be observed that the cost of the following functional blocks can be reduced:
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: DL control processing & decoder
· Baseband: UL processing block 

One contribution [23] argued that potential complexity reduction of “DL control processing block” may be limited since relaxation of PDCCH processing would increase cost of post-FFT buffer.

Relaxed UE processing time in terms of Z and Z’:
Several contributions [11, 12, 13, 14, 15, 16, 20, 23, 25, 28, 33] provided some analysis on how relaxed Z and Z’ may help to reduce UE complexity and cost. For example, with relaxed Z and Z’, the UE has additional time to generate the report and thus can compute the CSI-based statistics at a slower rate. It is noted though that complexity reduction from relaxed UE processing timeline option PT2 is highly dependent on implementation.

From several contributions, it can be observed that the cost of the following functional blocks can be reduced:
· Baseband: DL control processing & decoder
· Baseband: UL processing block
· Baseband: MIMO specific processing blocks 
A few contributions [11, 20] consider that receiver processing block is also affected by PT2. One contribution [12] consider LDPC decoding block affected by PT2 and expect some discussions to converge on complexity estimates for PT2.

According to the agreement, a combination of PT1 and PT2 is also studied. Most contributions provided analysis on the complexity reduction of the combination. A few contributions [11, 20] mentioned that complexity reduction from PT1 and PT2 are not linear with respect to the level of relaxation. They also mention that PT1 and PT2 share some common processing blocks, e.g., DL control processing & decoder and UL processing block, and that the complexity/cost reduction benefits from a combination should not be over-estimated. A few contributions [13, 24] mentioned that PT1 and PT2 should be considered together for further complexity reduction benefits. 
It was also agreed that UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction. The summary of the estimates can be founded in Section 7.5.2.
FL1 High Priority Question 7.4.2-1a: Can the following observations regarding UE complexity reduction from relaxed UE processing timeline option PT1 be captured in the TR?
· For the relaxed UE processing timeline option PT1, the cost reduction is mainly in the BB part, especially on receiver processing block, LDPC decoding, DL control processing & decoder, and UL processing block.
· Level of complexity reduction from PT1 is dependent on implementation.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nokia, NSB
	Y
	

	Nordic 
	Y,but
	we should capture also that up to 2fold cost reduction has been reported for the corresponding blocks

	CATT
	Y
	

	SONY
	Y
	

	FUTUREWEI
	Y
	

	Xiaomi
	Y
	

	ZTE, Sanechips
	Y
	

	Intel
	Y
	

	Samsung
	N
	We have concerns to capture “DL control processing & decoder”.
Based on the cost breakdown, most(half) of companies didn’t consider PDCCH relaxation. It is better to have clarification and common understanding on whether it shall be considered or not. It may have different spec impact. 

	CMCC
	Y
	

	MediaTek 
	Y
	

	Huawei, Hisilicon
	Y
	

	FL3
FL4
	Most of the received responses express a common view about Question 7.4.2-1a. However, one response indicates that further clarification is needed regarding “DL control processing & decoder” block. Based on the above views, the following question can be considered:
High Priority Question 7.4.2-1b: Can the complexity of DL control processing & decoder block be reduced with PT1? 

	
	
	



FL1 High Priority Question 7.4.2-2a: Can the following observations regarding UE complexity reduction from relaxed UE processing timeline option PT2 be captured in the TR?
· For the relaxed UE processing timeline option PT2, the cost reduction is mainly in the BB part, especially on DL control processing & decoder, UL processing block, and MIMO specific processing blocks.
· Level of complexity reduction from PT2 is dependent on implementation.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nokia, NSB
	Y
	

	Nordic 
	Y, but 
	we should capture also that up to 2fold cost reduction has been reported for the corresponding blocks

	CATT
	Y
	Receiver processing block might also be impacted, but we agree that the difference will be quite marginal. So fine with FL’s observation.

	SONY
	Y
	

	FUTUREWEI
	Y
	To FL: Our contribution did not mention “LDPC decoding block affected by PT2”. Can the statement be corrected to: “One contribution [12] consider LDPC decoding block affected by PT2 and expect some discussions to converge on complexity estimates for PT2.”

	Xiaomi
	Y
	

	ZTE, Sanechips
	Y
	

	Intel
	Y
	

	Samsung
	N
	We have concerns to capture “DL control processing & decoder”.
Based on the cost breakdown, most(half) of companies didn’t consider PDCCH relaxation. It is better to have clarification and common understanding on whether it shall be considered or not. It may have different spec impact. 

	CMCC
	Y
	

	MediaTek 
	Y
	

	Huawei, Hisilicon
	Y
	

	FL3
FL4
	Most of the received responses express a common view about Question 7.4.2-2a. However, one response indicates that further clarification is needed regarding “DL control processing & decoder” block. Based on the above views, the following question can be considered:
High Priority Question 7.4.2-2b: Can the complexity of DL control processing & decoder block be reduced with PT2?

	
	
	



7.4.3	Analysis of performance impacts
Several contributions [11, 13, 14, 15, 16, 20, 22, 24, 29, 33, 35] provided analysis of performance impact of PT1 and most of them are similar to those captured in TR 38.875 which are summarized below:
· No impacts on coverage
· No impact on instantaneous data rate but throughput might be reduced due to longer HARQ round trip time
· Increase on transmission latency
Several contributions [11, 13, 14, 15, 16, 20, 22, 24, 29, 33, 35] provided analysis of performance impact of PT2 which is similar to that of PT1. The findings are summarized below:
· No impacts on coverage
· No impact on instantaneous data rate but throughput might be reduced due to delayed PUSCH scheduling
· Increase on transmission latency
A few companies [14, 15] mention that power consumption can be reduced by PT1 and PT2 but [25] argue that the power consumption also depends on other factors which is not easy to give a quantitative evaluation.
Based on the above, the following text proposal for the TR can be considered: 
	Coverage:
No coverage impact is expected from PT1 and PT2.
Data rate:
No impact on instantaneous peak data rate is expected from PT1 and PT2. However, the UE throughput may be reduced if the HARQ round trip time is extended due to PT1 and delayed PUSCH scheduling due to PT2. The throughput requirements identified for the RedCap use cases are still expected to be fulfilled.
Latency:
Both PT1 and PT2 have impact on latency. For downlink transmission, relaxed N1 value in PT1 impacts how fast HARQ-ACK feedback can be sent after the reception of PDSCH. For uplink transmission, relaxed N2 value in PT1 impacts how fast PUSCH can be scheduled with respect to the UL grant and relaxed Z/Z’ in PT2 impacts the scheduling of the following data since no other PUSCH can be scheduled before the A-CSI is transmitted. How significant the impact on latency depends on use cases and scheduled number of retransmissions.
Power consumption:
PT1 and PT2 may allow for processing with lower clock frequency and lower voltage which may help reducing the UE power consumption. The impact on power consumption of relaxed UE processing time depends on implementation and traffic characteristics.



FL1/FL3/FL4 Medium Priority Question 7.4.3-1a: Can the above TP on performance impacts from relaxed UE processing timeline options be used as a baseline text for TR 38.865?
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Xiaomi 
	
	Data rate: It should be discussed whether throughput really needs to be identified for eRedCap use cases. 
Power consumption: Since the baseband works longer than the UE processing capability 1, so it can’t directly conduct a positive impact on power consumption for relaxed processing time.

	Intel
	Y
	

	CMCC
	Y
	



7.4.4	Analysis of network deployment and coexistence impacts
Relaxed UE processing time in terms of N1 and N2:
Several contributions [11, 13, 14, 15, 16, 20, 21, 22, 24, 28, 29, 33, 35] provided some analysis of network deployment and coexistence impacts of PT1. Most of the analysis are similar to those captured in TR 38.875 and are summarized below:
· In scenarios where Rel-18 RedCap UEs coexist with legacy UEs, relaxed UE processing time capability in terms of N1 and N2 may increase the complexity for the scheduling as there will be up to three different UE processing time capabilities for the scheduler to handle which may have impacts on current scheduling mechanisms. This may also hinder the software update of gNB to support Rel-18 eRedCap UE.   
· Relaxed UE processing time in terms of N1/N2 can impact scheduling flexibility, e.g., same-slot scheduling may not be possible. The impact is not only limited to operation in connected mode since N1/N2 are also related to other timing requirements such as the time from Msg2 to Msg3 or PUCCH timing of Msg4 in random access procedure.
· If relaxed UE processing time in terms of N1 and N2 is applicable during the initial/random access, it may cause potential coexistence issues with legacy UEs if early identification of Rel-18 RedCap UEs prior to Msg2 scheduling (e.g., in Msg1) is not supported or conservative scheduling is not possible. If gNB schedules all UEs according to relaxed timing relationships for Rel-18 RedCap UEs, legacy UEs may experience an increase in control plane latency.
One contribution [15] mentioned a possibility that Rel-18 eRedCap UE may operate using capability #1 during initial access and UE can be configured to operate with relaxed processing timeline only in connected mode to avoid coexistence issues with legacy UEs.
Relaxed UE processing time in terms of Z and Z’:
In addition, some contributions [11, 13, 14, 16] provided analysis of network deployment and coexistence impacts of PT2. A summary is provided below:
· Due to out-of-order scheduling restriction, if Z and Z’ are relaxed, any PUSCH scheduled after A-CSI triggering may need to be delayed resulting in less scheduling flexibility and potentially more complexed scheduler.
· Relaxed UE CSI computation time Z/Z’ may impact the scheduler’s ability to track the channel when making scheduling decisions, especially in a fast-varying channel condition. 
· Relaxed Z and Z’ do not cause any coexistence impacts.

Based on the above summary, the following text proposal for the TR can be considered:
	[bookmark: _Hlk111749561]Relaxed UE processing time in terms of N1 and N2:
· In scenarios where Rel-18 RedCap UEs coexist with legacy UEs, PT1 may increase the complexity for the scheduling.
· PT1 may have an impact on scheduling flexibility as several timing requirements are related to N1/N2 values.
· If PT1 is applicable during the initial/random access, it may cause potential coexistence issues with legacy UEs if early identification of Rel-18 RedCap UEs prior to Msg2 scheduling is not supported, or conservative scheduling is not possible. If gNB schedules all UEs according to relaxed timing relationships for Rel-18 RedCap UEs, legacy UEs may experience an increase in control plane latency.

Relaxed UE processing time in terms of Z and Z’:
· PT2 may have impacts on scheduling flexibility and potentially make scheduler more complexed.
· PT2 may impact the scheduler’s ability to track the channel when making scheduling decisions, especially in a fast-varying channel condition. 
· No coexistence impact is expected from PT2.




FL1/FL3/FL4 Medium Priority Question 7.4.4-1a: Can the above TP on network deployment and coexistence impacts from relaxed UE processing timeline options be used as a baseline text for TR 38.865?
	Company
	Y/N
	Comments

	Xiaomi
	Y
	

	CMCC
	Y
	

	
	
	



7.4.5	Analysis of specification impacts
Several contributions [11, 13, 14, 15, 16, 20, 21, 22, 24, 28, 29, 33, 35] provided potential specification impacts of PT1 and PT2, which are summarized below:
· A new UE processing time capability needs to be defined if relaxed UE processing time in terms of N1 and N2 is introduced.
· Depending on the degree of relaxation of the N1 and N2 values, specification details on scheduling timing related to the default TDRA table for PUSCH, and HARQ-ACK timing range may also need to be updated.
· One or more new CSI computation delay requirements need to be defined if relaxed UE processing time in terms of Z and Z’ is introduced

One company [15] mention that other timelines requirements related to N1 and N2 like UCI multiplexing timeline, dynamic SFI cancelling the UL transmission etc. should be studied as well. 
Based on the above, the following text proposal for the TR can be considered: 
	A new UE processing time capability needs to be defined if relaxed UE processing time in terms of N1 and N2 is introduced. New values of N1 and N2, as well as how the PDSCH processing time and PUSCH preparation time are determined by N1 and N2, need to be defined. Depending on the degree of relaxation of the N1 and N2 values, specification details on scheduling timing related to the default TDRA tables and HARQ-ACK timing range may also need to be updated.
New CSI computation delay requirements need to be defined if relaxed UE processing time in terms of Z and Z’ is introduced. New values of Z and Z’, as well as how the CSI computation time is determined by Z and Z’, need to be defined.



FL1/FL3/FL4 Medium Priority Question 7.4.5-1a: Can the above TP on specification impacts from relaxed UE processing timeline options be used as a baseline text for TR 38.865?
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Xiaomi
	
	All the scheduling timing requirements in TS 38.213 and/or TS 38.214 should be revisited, such as, the timeline requirements between PDCCH ordered PRACH and the scheduling PDCCH, the definition of TA effective time, and etc. Besides, UE capability signaling design and enabling/disabling mechanism for UE processing capability should also be reconsidered.

	CMCC
	Y
	



7.5	Combinations of UE complexity reduction features
7.5.1	Description of feature combinations
RAN1#109e made the following agreements regarding the study of combinations of UE complexity reduction features:
	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:
6. BW1 + PT1
7. BW3 + PT1
8. PR1 + PT1
9. PR3 + PT1
10. BW2 + PT1 + PT2
11. PR2 + PT1 + PT2




7.5.2	Analysis of UE complexity reduction
The tables below show the average value of the UE complexity reduction evaluation results for different combinations of UE complexity reduction features captured in [10].
Table 4: Average cost reduction achieved by combinations of UE complexity reduction features compared to corresponding Rel-17 baselines
	Option
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	BW1
	12.81%

	11.25%

	14.06%

	14.31%

	13.42%

	14.79%


	BW1 + PT1
	14.37%

	11.64%

	14.30%

	17.65%

	14.58%

	16.38%


	BW1 + PT1 + PT2
	16.60%

	14.73%

	17.51%

	19.10%

	15.80%

	17.89%


	BW2
	10.26%

	8.08%

	11.92%

	11.46%

	8.81%

	12.21%


	BW2 + PT1 + PT2
	13.33%

	10.91%

	15.27%

	16.70%

	10.99%

	15.18%


	BW3
	8.55%

	7.66%

	8.90%

	8.72%

	7.68%

	9.19%


	BW3+PT1
	9.75%

	7.84%

	10.15%

	12.48%

	8.98%

	10.77%


	BW3 + PT1 + PT2
	12.82%

	11.50%

	12.92%

	14.59%

	10.82%

	12.76%


	PR1
	4.30%

	4.02%

	4.99%

	5.36%

	3.73%

	4.74%


	PR1 + PT1
	6.66%

	4.85%

	6.58%

	8.80%

	5.49%

	6.54%


	PR1 + PT1 + PT2
	9.20%

	8.67%

	9.33%

	10.99%

	6.76%

	8.63%


	PR2
	4.43%

	4.16%

	5.14%

	6.91%

	3.82%

	4.82%


	PR2 + PT1 + PT2
	8.52%

	6.23%

	9.48%

	10.89%

	6.81%

	8.70%


	PR3
	7.57%

	6.74%

	8.12%

	9.81%

	6.59%

	7.98%


	PR3 + PT1
	8.95%

	7.23%

	9.32%

	11.49%

	8.11%

	9.67%


	PR3 + PT1 + PT2
	11.58%

	10.70%

	12.07%

	13.55%

	9.88%

	11.60%




FL1 High Priority Question 7.5.2-1a: Can the above table format with cost reduction achieved by combinations of UE complexity reduction features be used as a baseline text for TR 38.865? (Regarding the averaging method, please see Question 6.1-2a.)
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Nokia, NSB
	Y
	

	Nordic
	Y
	

	Lenovo
	Y
	

	CATT
	Y
	

	SONY
	Y
	

	Xiaomi
	Y, but
	The optional evaluation cases should be reflected.

	ZTE, Sanechips
	Y
	Other cases, e.g., PT2, BW3/PR3+PT2, for the complexity reduction are not precluded based on the agreement. They also need to be captured in the TR.

	Intel
	Y
	

	Samsung
	FFS
	Until clarification on the cost breakdown mentioned in above questions. 

	Qualcomm
	Y
	

	CMCC
	Y
	

	MediaTek
	Y
	Due to the dependency with averaging method, if this proposal is to be agreed prior to the decision on averaging method, we suggest to include square brackets on the values.

	FL2
	Based on received responses, the following proposal can be considered.
High Priority Proposal 7.5.2-1b: The table format used in the table with cost reduction estimates achieved by combinations of UE complexity reduction features listed in the end of Section 7.5.2 in R1-2207731 is used as a baseline text for TR 38.865.

	Huawei, Hisilicon
	Y
	

	FL3
	RAN1 made the following conclusion in the online session on Monday 22nd August:
Conclusion:
The table format used in the table with complexity reduction estimates achieved by combinations of UE complexity reduction features listed in the end of Section 7.5.2 in R1-2207731 is used as a baseline text for TR 38.865.
Note: values in the table may be updated.



7.5.3	Analysis of performance impacts
The potential performance impacts of different complexity reduction techniques were discussed in Sections 7.2.3, 7.3.3, and 7.4.3.
7.5.4	Analysis of network deployment and coexistence impacts
The potential network deployment and coexistence impacts of different complexity reduction techniques were discussed in Sections 7.2.4, 7.3.4, and 7.4.4.
7.5.5	Analysis of specification impacts
The potential specification impacts of different complexity reduction techniques were discussed in Sections 7.2.5, 7.3.5, and 7.4.5.
9	Conclusions and recommendations
This section can be addressed once some of the earlier sections have seen some more progress.
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