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The document focuses on EVM for mTRP PDCCH reliability enhancements as well as general channel assumptions for AI 8.1.2.1, and captures the discussions during the offline discussions as well as comments as part of Email discussions [102-e-NR-feMIMO-02].
EVM for General Assumptions and PDCCH LLS
Evaluation methodology / assumptions for multi-TRP PDCCH have been discussed offline (“Phase 2 - FeMIMO EVM Item 2a”). Detailed comments from each individual company can be found in Appendix. Followed by Phase 2 input, Phase 2 EVM discussion has concluded, and the final document includes two final proposals: One proposal for general channel model / antennas parameters, etc. by reusing Rel. 16 agreed tables (in TR38.824), and another proposal with 4 tables corresponding to “Common assumptions for PDCCH/PUCCH/PUSCH”, “Detailed assumptions for PDCCH”, “Detailed assumptions for PUCCH”, and “Detailed assumptions for PUSCH”. Subsequently, no proposal could be found in RAN1#102e company contributions to modify the Phase 2 final proposals. Hence, the outcome of Phase 2 offline discussion is assumed to be stable. The following proposal focuses on the general EVM for 2a as well as specific PDCCH EVM:
Proposal 1 (Outcome of Phase 2 offline discussion): 
· According to the evaluation scenario (e.g., at FR1 in urban macro / at FR1 in indoor hotspot / at FR2 in indoor hotspot), one of three Tables (Table A.3-1 ~ A.3-3) in appendix can be a baseline of EVM for Rel-17 FeMIMO item 2a.
· System bandwidth other than those mentioned in the Tables can be considered and reported by the companies. 
· In addition, the following table is used for EVM for Rel-17 FeMIMO item 2a (Common assumptions for PDCCH/PUCCH/PUSCH)
	Parameters
	Potential values

	The number of TRPs
	2

	Channel model
	TDL for FR1 (CDL for FR1 can be optionally used)
CDL for FR2 (TDL for FR2 can be optionally used)

	Path-loss modeling
	{0,3,6} dB gap between TRPs

	Blockage
	Option 1: Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples



· The following table is used for detailed assumptions for PDCCH
	Parameters
	Potential values

	Baseline schemes
	Option 1: Rel-15 PDCCH
Option 2: Spec transparent SFN
For FR1: Both options 1 and 2 can be considered
For FR2: Option 1.

	AL
	8 as baseline. Companies are encouraged to simulate other AL’s additionally for different code rate regimes.

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs. 

	DCI payload
	40+24(CRC)=64 as baseline. Other payload values are not precluded. 

	CCE-to-REG mapping
	Both Interleaved and non-interleaved can be considered. Companies to report the assumptions including interleaverSize in the case of interleaved.

	REG bundling size
	6 and 2 as baseline.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle as baseline.
Closed-loop precoding can be used optionally

	Schemes
	Details of the schemes used (including TDM,FDM, etc.) to be reported by companies.

	Receiver assumption 
	Up to companies to report



As mentioned, proposal above is expected to be stable. The table below is added just in case there are minor last-minute comments:
	Company
	Comments

	Apple
	Support the proposal

	vivo
	We are fine with the proposal in general. However, after reviewing contribution we noticed some phenomena on simulated curves thus we tried to verify as below. What we observed is that there is error floor in the curves in the case of blockage assuming the channel is continuous however there is no such phenomena if the channel is i.i.d. We think it may impact the conclusion/observation thus should be clarified in simulations.

[image: cid:image004.jpg@01D67581.7F575870] [image: cid:image005.jpg@01D67581.7F575870]




	ZTE
	Support the proposal

	LG
	Support the proposal

	Ericsson
	Support the proposal

	NEC
	Support the proposal

	OPPO
	Support the proposal

	NTT DOCOMO
	Support the proposal

	Lenovo/Motorola Mobility
	Support the proposal

	InterDigital
	Overall, we support the proposal. However, we have some concerns related to the blockage model. We believe that it is important to have an agreement on a set of p and x values (x dB power offset with probability p), as during the Rel-16 discussion some results were disputed as companies did not agree with the p and x values used by others.

	Nokia/NSB
	Support the proposal 

	Convida Wireless
	Support the proposal 

	Intel
	Support the proposal

	Futurewei
	Support the proposal

	CATT
	Support the proposal

	Huawei, Hisilicon
	Support the proposal. 
To avoid redundant discussion for blockage model, we can reuse parameter values of x and p used for R16 simulations, which supported progress for R16 scheme design. In addition, we can remove “option 1” in the row for blockage as it’s the only option.

	vivo2
	Companies to clarify their assumption whether wireless channel is continuous or i.i.d.



FL update: 
The proposal is supported by all companies. “option 1” is removed, and the comment from Vivo is added.
Regarding comment from InterDigital: During the offline discussions in summer, different values were proposed for p and x, but majority of companies thought these details should be reported by companies. If a baseline is needed, we can have p=0.1 and x=10dB can be used similar to Rel. 16. This can be quickly discussed during GTW session if it is agreeable to everyone.
Updated Proposal 1: 
· According to the evaluation scenario (e.g., at FR1 in urban macro / at FR1 in indoor hotspot / at FR2 in indoor hotspot), one of three Tables (Table A.3-1 ~ A.3-3) in appendix of 38.824 can be a baseline of EVM for Rel-17 FeMIMO item 2a.
· System bandwidth other than those mentioned in the Tables can be considered and reported by the companies. 
· In addition, the following table is used for EVM for Rel-17 FeMIMO item 2a (Common assumptions for PDCCH/PUCCH/PUSCH)
	Parameters
	Potential values

	The number of TRPs
	2

	Channel model
	TDL for FR1 (CDL for FR1 can be optionally used)
CDL for FR2 (TDL for FR2 can be optionally used)
Companies can clarify their assumption whether wireless channel is continuous or i.i.d.

	Path-loss modeling
	{0,3,6} dB gap between TRPs

	Blockage
	Option 1: Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples






· The following table is used for detailed assumptions for PDCCH
	Parameters
	[bookmark: _GoBack]Potential values

	Baseline schemes
	Option 1: Rel-15 PDCCH
Option 2: Spec transparent SFN
For FR1: Both options 1 and 2 can be considered
For FR2: Option 1.

	AL
	8 as baseline. Companies are encouraged to simulate other AL’s additionally for different code rate regimes.

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs. 

	DCI payload
	40+24(CRC)=64 as baseline. Other payload values are not precluded. 

	CCE-to-REG mapping
	Both Interleaved and non-interleaved can be considered. Companies to report the assumptions including interleaverSize in the case of interleaved.

	REG bundling size
	6 and 2 as baseline.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle as baseline.
Closed-loop precoding can be used optionally

	Schemes
	Details of the schemes used (including TDM,FDM, etc.) to be reported by companies.

	Receiver assumption 
	Up to companies to report




Appendix
Appendix: LLS from TR 38.824

Link level simulation assumptions from A.3 in TR38.824

Table A.3-1: Link-level simulation assumptions at 4 GHz for all cases with urban macro
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901

	UE speed
	3 km/h for power distribution and Rel-15 enabled use case;
60 km/h for remote driving and ITS;

	BS antenna configuration
	4 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports
Higher BS antenna configurations for evaluation are not precluded 

	UE antenna configuration
	2 Tx/4 Rx antenna ports
Higher UE antenna configurations for evaluation are not precluded

	System bandwidth
	40 MHz
Note:
For FDD, 40 MHz for DL and 40 MHz for UL. Note that this is for evaluation purpose because there is no FDD bands identified at 4 GHz currently. 
For TDD, 40 MHz for DL/UL.

	Sub-carrier spacing
	30 kHz
Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value 


-	Evaluation of 700 MHz and 2 GHz carrier frequency are not precluded. 

Table A.3-2: Link-level simulation assumptions at 4 GHz for all cases with indoor hot-spot and factory automation 
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-D (delay spread: 30ns) as in 38.901
TDL-C (delay spread: 100ns) as in 38.901

Note: Companies report the modification of the channel model if any

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	4 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports
Higher BS antenna configurations for evaluation are not precluded 

	UE antenna configuration
	2 Tx/4 Rx antenna ports
Higher UE antenna configurations for evaluation are not precluded

	System bandwidth
	40 MHz
Note:
For FDD, 40 MHz for DL and 40 MHz for UL. Note that this is for evaluation purpose because there is no FDD bands identified at 4 GHz currently. 
For TDD, 40 MHz for DL/UL.

	Sub-carrier spacing
	30 kHz
Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value



Table A.3-3: Link-level simulation assumptions at 30 GHz for all cases with indoor hot-spot and factory automation 
	Parameter
	Value

	Carrier frequency for evaluation
	30 GHz

	Channel model
	CDL-A (delay spread: 20 ns) as in 38.901 

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	2 Tx/2 Rx antenna ports 

	UE antenna configuration
	2 Tx/2 Rx antenna ports

	System bandwidth
	160 MHz
Note: For TDD, 160 MHz for DL/UL. No FDD bands identified at 30 GHz currently. 

	Sub-carrier spacing
	120 kHz
Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value




Appendix (Companies’ comments during phase 2 EVM discussion for item 2a)

· [bookmark: _Ref44438835]
· Table 1. Inputs from companies on the content of section 2 
	Company
	Input

	DOCOMO
	Common assumptions for PDCCH/PUCCH/PUSCH
Path-loss modeling: 0 dB gap between TRPs is baseline. Companies can also evaluate other values.
Blockage: Option2

For PDCCH
	Parameters
	Potential values

	Baseline schemes
	Option 2: Spec transparent SFN

	AL
	4, 8, 16

	Interleaving
	enabled

	# of RBs/symbols
	4GHz: 102RBs/1 OFDM symbol
30GHz: 66RBs/2 OFDM symbols

	Code rates
	For AL=16: 44/1728≈0.025
For AL=8: 44/864≈0.051
For AL=4: 44/432≈0.102

	DCI payload
	44 bits

	CCE-to-REG mapping
	Interleaved (Interleaver row: 2)

	REG bundling size
	6

	Precoding assumptions
	1-port Precoder Cycling, 
Precoder granularity: REG-bundle

	DMRS configuration
	1/4; symbol #1, #5, #9 within each REG

	Number of repetitions
	1, 2, 4

	Repetition schemes
	TDM/FDM

	Receiver assumption 
	soft combining or selection



For PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	waveform
	CP-OFDM

	TBS
	32 Bytes

	# of RBs/symbols
	For 1 TRP: 31 RBs, 8 symbols
For 2 TRPs: 31 RBs, 4 symbols
For 4 TRPs: 29 RBs, 2 symbols

	DMRS pattern
	DMRS configuration Type 1, 1 symbol DMRS

	# of layers
	1

	Code rates
	For 1 TRP: MCS2 (CR=50/1024)
For 2 TRPs: MCS6 (CR=120/1024)
For 4 TRPs: MCS9 (CR=250/1024)

	Frequency hopping
	without FH

	UL transmission scheme
	CB-based, open loop with random precoding

	Redundancy Version
	For 1 TRP: 0
For 2 TRPs: (0,3)
For 4 TRPs: (0,3,0,3)

	Number of repetitions
	1, 2, 4

	Repetition schemes
	TDM

	Receiver assumption
	soft combining




	ZTE
	We have following suggestions
Proposal for Table 2:
· Channel model: CDL is the most typical model for MIMO evaluation. So we propose using CDL for both FR1 and FR2.

In Table 3 for PDCCH:
· Baseline schemes: Spec transparent SFN doesn’t work in FR2 since two TCI states are needed. So we propose to use Rel-15 PDCCH as baseline.
· Receiver assumption: based on our understanding, soft combining cannot be done between two PDCCHs, so we suggest replacing soft combining by chase combing.
· Repetition schemes: SDM for PDSCH needs separate DMRS ports for layers from two TRPs, but PDCCH only has single DMRS port. So we suggest removing SDM.
· Precoding assumptions: Wideband
· Number of repetitions: 1, 2, 4, 8
· DMRS configuration is not needed since PDCCH DM-RS pattern is fixed.

In Table 4 for PUCCH:
· Baseline: Rel-15 PUCCH repetition since no enhancement in Rel-16
· PUCCH format: format 0, 4
· Frequency hopping: enable
· Number of repetitions: 2 4 8


In Table 5 for PUSCH
· Baseline: Rel-16 PUSCH repetition should be the baseline
· UL transmission scheme: Codebook based PUSCH should be used. Companies should clarify TPMIs used for two TRPs are the same or different. Non-codebook based PUSCH is optional. 
· DMRS pattern: 1 front loaded DMRS symbol, 2 additional DMRS symbols, DMRS type 1
· Number of layers: 1
· Number of repetitions: 2 4 8
· Frequency hopping: enable



	Ericsson
	We have the following comments:

On Table 2:
· Regarding channel model, RAN1 made a Rel-16 agreement following an email discussion that both TDL and CDL can be used for either FR1 or FR2.  So, we think the same assumption can be adopted in Rel-17 (i.e., TDL/CDL can be used for FR1/FR2).
· Regarding blockage, we prefer Option 1 since it has been used in Rel-16 evaluations.

On Table 3 (PDCCH):
· AL: 4 or 8 can be considered with same number of CCEs for baseline and enhancement.
· Interleaving: both interleaved and non-interleaved can be considered.
· # of RBs/symbols: consider 1 symbol per TRP.  The number of RBs depends on AL.
· Code rate: depends on the AL and payload size.  We can consider code rate of ~0.17 for AL=4 and ~0.09 for AL=8.
· DCI payload:  52 bits
· CCE-to-REG mapping: if interleaving is used, interleaver size and shift can be left up to companies.
· REG bundling size: 6
· Precoding assumptions:  Precoder cycling; precoder granularity: REG-bundle.
· DMRS configuration: follow TCI state
· Number of repetitions: 2
 
On Table 4 (PUCCH):
· PUCCH Format: 0, 1, 2, 3, 4.
· # of RBs/symbols: we propose the following
· Formats 0: 2 symbols, 1RB
· Format 1: 4 symbols, 1RB
· Format 2: 2 symbols, 4RBs
· Formats 3, 4: 8 symbols, 1RB
· UCI payload: we propose the following
· Formats 0, 1:  2 bits
· Formats 2, 3, 4: 8/16 bits
· Code rates: Max rate of 0.35
· Frequency hopping: intra-slot frequency hopping
· Number of repetitions: we propose the following
· 2 repetitions for Formats 0, 2
· 2/4/8 repetitions for Formats 1, 3, 4
· Receiver assumptions:  with or without soft combining

On Table 5 (PUCCH):
· # of RBs/symbols: we propose the following
· 8 RBs and 10 symbols for Repetition Type A
· 40 RBs and 2 symbols for Repetition Type B
· DMRS pattern: Type 1 DMRS, 1+1 for Type A.
· # of layers:  up to 2
· Code rates: medium (~0.4) and low (<0.2)
· Frequency hopping: we propose the following
· intra-slot for Repetition Type A
· inter-repetition for Repetition Type B
· UL transmission scheme:  Codebook based.  Companies can optionally evaluate non-codebook based.
· Redundancy version: per TRP
· # of repetitions: as supported in Rel-15/16
· Receiver assumption: with or without soft combining.

Regarding baseline assumptions in Tables A.3-1 and A.3-2:
· For BS antenna configuration, 2Tx/2Rx antenna ports can also be considered at 4GHz


	Qualcomm
	Comments regarding Table 2 (common assumptions):
· For Path-loss modeling: x=0,3,6 dB
· For blockage: Both options 1 and 2 can be kept (option 2 may be more suitable for FR2 while options 1 is already used in Rel. 16 EVM). For option 2: x=10 / 20dB, p=5%
· Target BLER: The range [10^-3, 10^-5] is reasonable and may be better to no fix it to one value given that 10^-5 requires longer simulations. In our view, it is preferred that all BLER curves show at least up to 10^-4, which requires ~10^6 samples for reliable statistics. 
Comments regarding Table 3 (PDCCH):
· Baseline: Option 1. Agree with ZTE that transparent SFN may not work for FR2.
· AL: It should not be limited to certain ALs. Otherwise, different behaviors for high vs low coding rate cannot be observed.
· “Interleaving” is not clear. It should be part of “CCE-to-REG mapping” row unless if it refers to something else (other than RRC param “cce-REG-MappingType”)
· # of RBs/symbols: Since AL 16 requires 96 REGs, for CORESET configuration we can have a) 48 RBs/2 symbols and b) 96 RBs/1 symbol
· Code rates: Not needed. AL and DCI size determine it unambiguously. 
· DCI payload: 40+24 as baseline and 66+24 as optional. The higher DCI payload is good to be simulated in addition to the typical DCI size in order to ensure different coding rate regimes are simulated. 
· CCE-to-REG mapping: Both non-interleaved and interleaved should be considered. The detailed parameters (e.g. REG bundle size / interleaverSize) can be reported by companies.
· “REG bundling size” is part of CCE-to-REG mapping and is not needed as a separate row.
· Precoding assumption: This needs clarification as to whether it refers to RRC parameter “precoderGranularity” or not:
· For precoderGranularity: We suggest focussing on “sameAsREG-bundle”. Otherwise, interleaved CCE-to-REG mapping type is not possible in most cases.
· For general precoding assumption at the gNB: Precoder cycling can be used as closed-loop precoding is typically not assumed for PDCCH (even though it is possible by using SRS in TDD)
· DMRS configuration: It may be needed only if SDM is considered. Otherwise, DMRS configuration for PDCCH is fixed and there is no reason to change that for FDM/TDM.
· Number of repetitions: This should be removed. A multi-TCI state PDCCH may not use repetition (similar to schemes 1a (SDM) and 2a (FDM) in Rel. 16).
· “Repetition scheme” can be replaced with “scheme” due to the reason mentioned above. SDM should be deprioritized for PDCCH as it requires two DMRS ports. Hence, FDM/TDM should be the focus.
· Receiver assumption: This depends on the schemes to be considered by companies.
Comments regarding Table 4 (PUCCH):
· PUCCH format: Suggest to focus on Format 1 (for short PUCCH) and Format 3 (for long PUCCH). The same is agreed for EVM in coverage enhancement WI and would be good to align. Format 4 can be optional.
· # of RBs/symbols: 1RB. 2-symbols for PUCCH format 1 and 8-symbols for PUCCH format 3 / 4.
· Code rate: We prefer to agree on payload size instead: 2 bits for PUCCH format 1 and 11 bits for PUCCH format 3 (larger payload, e.g. for CSI, can be optional).
· Frequency hopping: with and without freq. hopping
· Receiver assumption: There can be different level of details here and should be reported by each company. 
· Across beams / repetitions: Selection diversity / soft combining / joint processing
· Within one beam / repetition: Whether TRP1 tries to also decode / process the copy intended for TRP2
Comments regarding Table 5 (PUSCH): 
· Baseline: Rel. 16 PUSCH repetition (Type A / Type B)
· Transmission mode: codebook-based / non-codebook-based should be reported by companies
· Number of layers=1 (2 can be optional)
· Receiver assumption / Frequency hopping: Same as PUCCH

	OPPO
	On Table 2:
· Support TDL for FR1 and CDL for FR2 as baseline. Companies can use CDL for FR1 optionally.
· Support x={0,3,6}dB gap between TRPs
· Regarding blockage modeling, for consistence between companies, Option 1 used in Rel-16 can be baseline and companies can also use Option 2 optionally. 

On Table 3:
· Support Rel-15 PDCCH as baseline for FR1 and FR2.
· Precoding assumptions: Precoder cycling with granularity of REG-bundle
· Number of repetitions: 2. With more repetitions, latency and resource would be an issue.
· Repetition schemes: TDM and FDM should be prioritized. For SDM, URLLC scheme 1c (e.g. Two TCI states for the same PDCCH DMRS port) can be considered, but the priority should be lowered.

On Table 4:
· Baseline can be Rel-15 PUCCH repetition
· Frequency hopping or not can be reported by companies.
· Number of repetitions include at least {2,4,8}
· Receiver assumption is reported by companies

On Table 5:
· Baseline can be Rel-16 PUSCH repetition for eURLLC
· Number of layer: 1
· Frequency hopping or not can be reported by companies.
· UL transmission scheme: Codebook based as baseline. The same TPMI (but same/differed Tx beams) for all the repetitions (the same as that in eURLLC)
· Number of repetitions reuses that of Rel-16 eURLLC
· Receiver assumption is reported by companies

	Lenovo/MotM
	For table 2:
· Path-loss modeling: 0dB gap between TRPs is baseline.

For table 3:
· Baseline scheme: Spec transparent SFN scheme cannot work in FR2, so we propose “Option 2: Spec transparent SFN in FR1”
· AL: 8/16
· Interleaving: Enabled
· # of RBs/symbols: 30GHz:66RBs/2 OFDM symbols.
· Precoding assumption: Wideband should be the baseline
· DMRS configuration: two DMRS ports are supported for SDM based scheme by configuring two different pdcch-DMRS-ScramblingIDs.
· Number of repetitions: 2/4/8.
· Repetition Schemes: SDM / FDM / TDM(baseline scheme). 

For table 4:
· PUCCH format: Format 0/4
· Frequency hopping: Enabled
· Number of repetitions: 4/8/16
· Receiver assumption: Soft combining

For table 5:
· DMRS pattern: DMRS type 1, 1 front loaded DMRS symbol with [2] additional DMRS symbols 
· # of layers: Up to 2 layers
· Frequency hopping: Enabled
· UL transmission scheme: Codebook based PUSCH transmission.
· Redundancy Version: Similar with Rel-16 PDSCH URLLC scheme 4.
· Number of repetitions: 4/8/16
· Receiver assumption: Soft combining

	Intel
	Table 2 (Common assumption)
· Support TDL/CDL for FR1/FR2. To allow flexibility no need to define baseline/optional. TDLA30 can be used for FR2 as in 38.104.
· pathloss modeling – current description is ok, up to proponents to choose x dB

Table 3 (PDCCH)
· Baseline – both options are valid for FR1 and can be kept – its up to companies to make a fair comparison.
· AL: Rel-15 (up to company preference)
· Interleaving/CCE-to-REG-map: Rel-15, up to company preference
· # of RBs/symbols: depending on AL, up to company preference
· Code-rates: depending on AL, up to company preference
· DCI payload: 40 bits from URLLC EVM 38.824, additional up to company preference
· CCE-to-REG mapping: see above
· REG bundling size: Rel-15 based on interleaving, up to company preference
· Precoding assumptions: 1-layer transparent to spec
· DMRS configuration: Rel-15 
· Number of repetitions: 2
· Repetition schemes: propose to only keep TDM/FDM
· Receiver assumptions: soft-combining details, selection-diversity (up to proponents)

Table 4 (PUCCH)
· Baseline: Current description is ok
· PUCCH format: Long (PF1 or PF3 or PF4), details up to company preference 
· # of RBs/symbols
· code-rate: up to company preference
· frequency hopping: up to company preference
· Number of repetitions: 2 (other values up to company preference)
· Receiver assumption: selection-diversity, soft-combining, up to company proponents

Table 5 (PUSCH)
· Baseline: Current description is ok
· # of RBs/symbols: up to company preference
· DMRS pattern: up to company preference
· # of layers: 1, CP-OFDM
· code-rate: up to company preference
· frequency hopping: up to company preference
· UL transmission scheme: spec. transparent Tx div
· Redundancy version: Rel-15 
· Number of repetitions: 2 (other values up to company preference)
· Receiver assumption: selection-diversity, soft-combining, up to proponents


	LG
	On Table 2:
· Support x={0,3,6}dB gap between TRPs
· Support Option 1 for blockage model, which was agreed for Rel-16 MTRP URLLC evaluation.
· Support the current range [10^-3, 10^-4, 10^-5]. Target initial BLER 10^-3 can be used considering retransmission.
On Table 3:
· Baseline scheme: Option 1 for FR 2 and Option 2 for FR 1.
· Precoding assumptions: Precoder cycling with granularity of REG-bundle makes senses.
· Number of repetitions: it is up to company whether to evaluate more than 2.
· Repetition schemes: Add SFN based repetition (i.e., scheme 1c, Two TCI states for the same PDCCH DMRS port), which uses the same time/frequency/spatial (=layer) resource, or leave it up to company.
On Table 4:
· Baseline scheme: Rel-15 PUCCH repetition
· PUCCH format: Format 1 (for short PUCCH) and Format 3 (for long PUCCH) are good as a starting point, which are the same as EVM in coverage enhancement WI.
· Frequency hopping: up to company
On Table 5:
· Baseline: Rel-16 PUSCH repetition
· Number of layer: 1
· Frequency hopping: up to company
· UL transmission scheme: Codebook based or non-codebook based.
· Same number of repetitions as Rel-16 eURLLC


	Apple
	Target BLER
· We think target BLER = 0.01 for PUCCH/PDCCH and BLER=0.1/0.01 for PUSCH should be included as well 
· Suggest to define the antenna virtualization weight for PDCCH and PUCCH

PDCCH
	Parameters
	Potential values

	Baseline schemes
	Rel-15 PDCCH

	AL
	8

	Interleaving
	Companies provide input

	# of RBs/symbols
	1 symbol

	Code rates
	Determined by payload size 

	DCI payload
	40 without CRC

	CCE-to-REG mapping
	Companies provide input

	REG bundling size
	6

	Precoding assumptions
	Companies provide input

	DMRS configuration
	Rel-15 DMRS configuration

	Number of repetitions
	Not needed

	Repetition schemes
	Not needed

	Receiver assumption 
	MMSE-IRC



PUCCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUCCH repetition

	PUCCH format
	Format 1 and 3

	# of RBs/symbols
	1 RB, 4 symbols for Format 1 and 4 symbols for Format 3

	Code rates
	Companies provide input

	Frequency hopping
	Companies provide input

	Number of repetitions
	Companies provide input

	Repetition schemes
	TDM

	Receiver assumption
	MMSE-IRC



PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	# of RBs/symbols
	50 RB, 4 symbols, 14 symbols

	DMRS pattern
	Companies provide input

	# of layers
	1, 2

	Code rates
	MCS = 6, 14 from MCS table 1

	Frequency hopping
	Companies provide input

	UL transmission scheme
	Codebook based

	Redundancy Version
	Companies provide input

	Number of repetitions
	Companies provide input

	Repetition schemes
	TDM

	Receiver assumption
	MMSE-IRC







	vivo
	Please find the views on each tables below:

· Common assumptions for PDCCH/PUCCH/PUSCH
	Parameters
	Potential values

	The number of TRPs
	Only 2, similar to PDSCH enhancement in Rel-16 which  supports at most two TRPs. 

	Channel model
	Prefer CDL for FR1 and FR2. AoD/ZoD/AoA/ZoA from each TRP to the UE panel can refer to the assumptions in Rel-16 LLS for multi-beam.

	Path-loss modeling
	[0, 6] dB gap between TRPs

	Blockage
	Prefer Option 1, but should be clarified time duration of blockage e.g. [100] consecutive slots. 

	
	

	Antenna configuration
	Details on BS/UE antenna configuration in the tables in Appendix should be clarified, assumptions in Rel-16 LLS for multi-beam can be baseline.



Detailed assumptions for each channel are updated as follows:

· Detailed assumptions for PDCCH
	Parameters
	Potential values

	Baseline schemes
	For FR1, the option2 (Spec transparent SFN) is OK 
considering omni-antennas in UE side. 
For FR2, UE cannot receive same DMRS port with
different TCI states configured by QCL-type D, 
prefer option 1 as starting point 

	AL
	Candidate values: [16, 8, 4] 

	Interleaving
	Both non-interleaved and interleaved can be 
considered.

	# of RBs/symbols
	48 or 96PRBs, and 2 symbols per CORESET

	Code rates
	Code rate depends on payload and actual AL

	DCI payload
	~50bits

	CCE-to-REG mapping
	If interleaving is configured, companies to report 
the details.

	REG bundling size
	6

	Precoding assumptions
	Precoding cycling.

	DMRS configuration
	Based on Rel-15.

	Number of repetitions
	2, 4

	Repetition schemes
	TDM/FDM/combination of TDM and FDM.

	Receiver assumption 
	Soft bit combining with same AL or independent 
decoding



· Detailed assumptions for PUCCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15 PUCCH repetition

	PUCCH format
	All formats can be considered

	UCI payload size
	2 bits for format 0, 1
20/40/100 bits for other formats

	# of RBs/symbols
	[x] PRBs and 7, 14 symbols

	Code rates
	Code rate depends on payload and number of PUCCH REs

	Frequency hopping
	Inter-slot/intra-slot FH

	Number of repetitions
	2, 4

	Repetition schemes
	TDM

	Receiver assumption
	MMSE with/without soft combining

	DMRS configuration
	According to Rel-15 DMRS rule




· Detailed assumptions for PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition 
Prefer Type A to reduce simulation workload.

	DMRS pattern
	Type1 DMRS, single symbol/single port. Additional DMRS is necessary for high speed [e.g 60km/h].

	# of layers
	1 layer

	Code rates
	QPSK with low code-rate. Prefer same MCS in each repetition.

	Frequency hopping
	Both disabled and enabled FH can be considered. 

	UL transmission scheme
	Codebook and non-codebook are supported. But same scheme in each repetition.

	Redundancy Version
	Based on PUSCH repetition typeA

	Number of repetitions
	Based on PUSCH repetition typeA

	Repetition schemes
	TDM

	Receiver assumption
	Soft combining in case of ideal backhaul.

	Waveform
	Both CP-OFDM and DFT-s-OFDM are supported. But same waveform in each repetition.





	CATT
	· Common assumptions for PDCCH/PUCCH/PUSCH
	Parameters
	Potential values

	The number of TRPs
	2

	Channel model
	TDL for FR1
CDL for FR2

	Path-loss modeling
	[0, 3, 6] dB gap between TRPs

	Blockage
	Both options are fine. 
Option 1: Blockage model from Rel-16 (x dB power offset with probability p)
Option 2: Blockage model A in TR38.901

	Target BLER
	[10^-3, 10^-4, 10^-5]



· Detailed assumptions for PDCCH
	Parameters
	Potential values

	Baseline schemes
	Option 1: Rel-15 PDCCH

	AL
	4, 8, 16

	Interleaving
	Enabled

	# of RBs/symbols
	Depends on AL

	Code rates
	Depends on AL and payload size

	DCI payload
	40 bits

	CCE-to-REG mapping
	Interleaved

	REG bundling size
	6

	Precoding assumptions
	1-port precoder cycling

	DMRS configuration
	1/4 density

	Number of repetitions
	2

	Repetition schemes
	TDM

	Receiver assumption 
	soft combining or independent decoding for each 
repetition 



· Detailed assumptions for PUCCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15 PUCCH repetition

	PUCCH format
	Reported by companies

	# of RBs/symbols
	Reported by companies

	Code rates
	Depends on UCI size and available REs for PUCCH

	Frequency hopping
	Up to companies

	Number of repetitions
	2, 4, 8

	Repetition schemes
	TDM

	Receiver assumption
	Soft combing



· Detailed assumptions for PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	# of RBs/symbols
	Up to companies 

	DMRS pattern
	Type1 DMRS, single symbol

	# of layers
	1 (2 can be optional)

	Code rates
	Up to companies 

	Frequency hopping
	Up to companies

	UL transmission scheme
	Codebook-based  (non-codebook-based can be optional)

	Redundancy Version
	Reported by companies

	Number of repetitions
	2, 4, 8

	Repetition schemes
	TDM or SDM

	Receiver assumption
	Soft combing





	Huawei, HiSilicon
	For common assumptions: Use 0dB gap between two TRPs as the baseline assumption. To avoid redundant discussion, the blockage model can be inherited from R16 agreement (option 1) if needed. For channel model, CDL channel for PUSCH should also be considered for FR1.

For PDCCH: R15 PDCCH can be the baseline assumption. Other spec transparent schemes, e.g. SFN, can be further analyzed. For the receiver assumption, how to process the PDCCH candidates should be reported by companies, e.g. whether the UE combines PDCCH candidates in signal level or performs soft combining. Several rows may not be needed, e.g. #of RBs (derived from AL), Code rate (derived from payload and AL), DMRS configuration (fixed for PDCCH). 
· PDCCH
	Parameters
	Potential values

	Baseline schemes
	Rel-15 PDCCH

	AL
	AL=4, 8, 16

	Interleaving
	Enable/Disable

	# of RBs/symbols
	1 or 2 symbol, # of RBs depends on the AL

	Code rates
	Depends on the AL and DCI payload.

	DCI payload
	24/40 bits can be considered as starting point.

	CCE-to-REG mapping
	Depends on the interleaving method.

	REG bundling size
	6

	Precoding assumptions
	closed loop precoding (PMI report for FDD and SRS for TDD)

	DMRS configuration
	Not needed as DMRS configuration for PDCCH is fixed

	Number of repetitions
	Can be 2 or without repetition.

	Repetition schemes
	TDM/FDM

	Receiver assumption 
	e.g., soft combining or not



For PUCCH, prefer to focus on format 0 (short PUCCH) with 2 bits for less latency and format 4 (long PUCCH) of 4 RBs with 11 bits for better frequency diversity.
· PUCCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUCCH repetition

	PUCCH format
	0/4

	# of RBs/symbols
	Format 0: 2 symbols, 1RB
Formats 4: 4/8 symbols, 4RB

	Code rates
	Format 0: 2 bits
Format 4: 11 bits

	Frequency hopping
	Enable/Disable

	Number of repetitions
	1/2/4. Considering feedback latency, reliability enhancement within one repetition (no repetition) should also be considered.

	Repetition schemes
	TDM

	Receiver assumption
	Joint reception by TRPs.



For PUSCH, R15/R16 schemes should be the baseline. For UL transmission scheme, both codebook and non-codebook schemes should be included. Companies report the FDM/TDM TPMIs for codebook schemes. For receiver assumption, joint detection by multi-TRPs is used, i.e. by combining received signal and detecting/decoding PUSCH with multiple receive antenna arrays.
· PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	# of RBs/symbols
	16/32 RBs or larger.

	DMRS pattern
	DMRS configuration Type 1 and 2

	# of layers
	1

	Code rates
	Medium (~0.4) and low (<0.2)

	Frequency hopping
	Enable/Disable, companies report TPMI in different hopping for CB transmission.

	UL transmission scheme
	CB or NCB. Companies report TPMI in FDM/TDM for CB transmission.

	Redundancy Version
	If repetition>1, R16 URLLC scheme can be used.

	Number of repetitions
	If repetition>1, companies report TPMI in repetitions for CB transmission.

	Repetition schemes
	TDM/FDM.

	Receiver assumption
	Joint reception by TRPs.





	MediaTek
	For Table 2 (common assumptions): 
· CDL should be applied to both FR1 and FR2. 
· The pathloss difference between TRPs can be 3 or 6 dB.
· For blockage model, we prefer Option 1 for now unless there is a convincing model for LLS considering both blockage and mobility.
· For comparing different schemes, it should be sufficient to set the target BLER as 10^-4.
· Practical channel estimation but noise estimation can be ideal.

For Table 3 (PDCCH):
· Rel-15 PDCCH with DPS should be the baseline. Spec-transparent SFN should be considered for FR1 as well.
· AL 4, 8 (to compare with DPS with AL 8, 16, respectively)
· The CCE-to-REG mapping can be interleaved or non-interleaved. For an interleaved mapping, we prefer one aligned setting among companies.
· Precoder cycling is applied across REG bundles.
· REG bundle size = 6
· SDM can be deprioritized.
· Number of repetitions: 2, 4

For Table 4 (PUCCH):
· PUCCH formats 1, 3
· Whether to enable frequency hopping can be reported by companies
· Number of repetitions: 2, 4

For Table 5 (PUSCH)
· DMRS pattern: DM-RS configuration type 1
· Single-layer transmission
· Codebook-based UL transmission is baseline.
· Whether to enable frequency hopping can be reported by companies
· Number of repetitions: 2, 4

	Nokia/NSB
	For Table 2, 
Channel model: TDL for FR1 and CDL for FR2 should be ok. No change to the table 2. 
Path-loss modeling: x = 0,3, 6 dB
Blockage: option 1. 
Target BLER: 10-5. All other targets can be derived by that. 

For Table 3, 
Baseline schemes: Rel-15 PDCCH. As several companies highlighted, SFN does not work for FR2. 
AL: All AL can be used. If we do not use smaller AL, it may be harder to compare with baseline scheme as maximum that baseline scheme can use is Al = 16. 
Interleaving: this may depend on the schemes that company propose. No need to fix. 
# of RBs/symbols: remove RBs. Symbols can be 1-3. 
Code rates: remove this field. Not make any sense. 
DCI payload: no strong view. 40 bits payload should be good enough. With CRC = 64 bits. 
CCE-to-REG mapping: companies to report as this may depend on proposals. 
REG bundling size: Companies to report. 
Precoding assumptions: Companies to report.
DMRS configuration: Companies to report for SDM case. Otherwise, Rel-15. 
Number of repetitions: Companies to report. Depending on the scheme, can be 1/2/4. 
Repetition schemes: TDM/FDM/SDM
Receiver assumption: companies to report. 

For Table 4, 
Baseline scheme: Rel-15 PUCCH repetition 
PUCCH format: Companies to report. Can be format 0, 1 and 3. 
# of RBs/symbols: Companies to report, and this may depend on the scheme. 
Code rates: Companies to report. 
Frequency hopping: enable/disable 
Number of repetitions: 2, 4, 8
Repetition schemes: TDM
Receiver assumption: Companies to report. 

For Table 5, 
Baseline scheme: Rel-16 PUSCH repetition type A and B. 
# of RBs/symbols: not needed. Payload size may be much better to define this. 
DMRS pattern: Companies to report. 
# of layers: 1 and 2. 
Code rates: lower and moderate code rates. Companies to report exact MCS. 
Frequency hopping: enable/disable. 
UL transmission scheme: companies to report. 
Redundancy Version: not needed to fix. Companies to report.  
Number of repetitions: 2, 4, 8. 
Repetition schemes: TDM
Receiver assumption: Companies to report.

	Futurewei
	Table 2
Path-loss of 0 dB gap as baseline; may allow up to +/- 6 dB gap. Even larger gaps may be simulated and reported by companies
Blockage: Option 1 Rel-16 
Target BLER of 10^-5 should be included for control channels, including PDCCH/PUCCH, as generally control channels should be made more reliable than data channels. For PUSCH it should fine to simulate up to 10^-4.
As a general comment, there can be a lot of details in the schemes/enhancements/parameters, and the tables may not need to capture all possible ones. Those not listed in the tables can still be considered and reported.
Table 3
Baseline Option 1 Rel-15 PDCCH
AL of at least 8 or 16 should be included
Repetition schemes of TDM/FDM should be included. It is questionable how SDM may be used for PDCCH
Table 4
PUCCH format 0 or 4 should be the focus
Repetition of 2, 4, and 8 may be considered
Receiver assumption of soft combining or chase combining can be included, and companies should also report in which scenarios the assumption may hold (e.g., fast backhaul and tightly synchronized TRPs)
Table 4
Repetition of 2 and 4 may be considered
Receiver assumption of soft combining or chase combining can be included, and companies should also report in which scenarios the assumption may hold (e.g., fast backhaul and tightly synchronized TRPs)

	Samsung
	· Common assumptions for PDCCH/PUCCH/PUSCH
	Parameters
	Potential values

	The number of TRPs
	2

	Channel model
	TDL for FR1
CDL for FR2

	Path-loss modeling
	[0, 3, 6] dB gap between TRPs

	Blockage
	Option 1 (baseline)
Option 2 (optional)

	Target BLER
	[10^-3, 10^-4]



· Detailed assumptions for PDCCH
	Parameters
	Potential values

	Baseline schemes
	Option 1: Rel-15 PDCCH

	AL
	4, 8, 16

	Interleaving
	Companies provide input

	# of RBs/symbols
	1 or 2 symbol, # of RBs depends on the AL

	Code rates
	Depends on the AL and DCI payload.

	DCI payload
	40 bits

	CCE-to-REG mapping
	Depends on interleaving

	REG bundling size
	Depends on interleaving

	Precoding assumptions
	Precoder cycling with granularity of REG-bundle

	DMRS configuration
	Rel-15 DMRS configuration

	Number of repetitions
	2, 4, 8

	Repetition schemes
	TDM/FDM

	Receiver assumption 
	with or without soft combining



· Detailed assumptions for PUCCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUCCH repetition

	PUCCH format
	Format 2 for short PUCCH
Format 3 for long PUCCH
(For both short and long PUCCH formats, the performance evaluation should be performed according to various UCI payloads including HARQ-ACK/SR/CSI report cases.)

	# of RBs/symbols
	# of RBs: up to companies
# of symbols:
2 symbols for Format 2
4 symbols for Format 3

	Code rates
	Depends on UCI size and available REs for PUCCH

	Frequency hopping
	Up to companies

	Number of repetitions
	2, 4, 8

	Repetition schemes
	TDM

	Receiver assumption
	with or without soft combining



Detailed assumptions for PUSCH
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	Waveform
	CP-OFDM

	# of RBs/symbols
	Up to companies

	DMRS pattern
	DM-RS configuration type 1

	# of layers
	1, 2

	Code rates
	Depending on RBs/layers/payload bits

	Frequency hopping
	Up to companies

	UL transmission scheme
	Codebook based UL transmission is baseline. Non-codebook based can be optional.

	Redundancy Version
	Based on PUSCH repetition typeA

	Number of repetitions
	2, 4, 8

	Repetition schemes
	TDM

	Receiver assumption
	with or without soft combining







Based on the inputs from companies, the proposals in the previous section were revised as follows. 
Changes relative to V19_interim3 are marked in red: 
	Parameters
	Potential values
	comments

	The number of TRPs
	2
	

	Channel model
	TDL for FR1 (CDL for FR1 can be optionally used)
CDL for FR2 (TDL for FR2 can be optionally used)
	

	Path-loss modeling
	{0,3,6} dB gap between TRPs
	

	Blockage
	Option 1: Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.
	Vivo suggested to use i.i.d. blockage / channel. The i.i.d. blockage is implied based on the description “with probability p”. Companies can report if they make other assumptions, e.g. blockage correlation in time. 

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples
	Based on the input from Huawei, HiSilicon. In addition, as mentioned by other companies, performance at 10^-2 can be seen of BLER curves are shown up to [10^-3,10^-4, 10^-5] points.


For Common assumptions:

For PDCCH assumptions:
	Parameters
	Potential values
	Comments

	Baseline schemes
	Option 1: Rel-15 PDCCH
Option 2: Spec transparent SFN
For FR1: Both options 1 and 2 can be considered
For FR2: Option 1.
	

	AL
	8 as baseline. Companies are encouraged to simulate other AL’s additionally for different code rate regimes.
	

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs. 
	

	DCI payload
	40+24(CRC)=64 as baseline. Other payload values are not precluded. 
	Based on input from Ericsson. 

	CCE-to-REG mapping
	Both Interleaved and non-interleaved can be considered. Companies to report the assumptions including interleaverSize in the case of interleaved.
	

	REG bundling size
	6 and 2 as baseline.
	Based on input from Qualcomm.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle as baseline.
Closed-loop precoding can be used optionally
	Huawei, HiSilicon commented that this can be reported by companies. Given that majority of companies support precoding cycling and granularity as REG bundle, we can keep it as baseline.

	Schemes
	TDM/FDM as baseline
Details of the schemes used (including TDM,FDM, etc.) to be reported by companies.
	Based on input from LG. Also, the schemes probably have more details than whether they are FDM/TDM/SDM. Hence, it makes sense that the details are reported by companies.

	Receiver assumption 
	Up to companies to report
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