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Introduction
In this contribution, we provide a FL summary for agenda item 10.5.2.2: “Downlink transmission scheme for downlink shared channels”. In total, 41 contributions were submitted to this agenda item.
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EVM assumptions
EVM for SLS
CATT, Ericsson, Huawei, and Samsung proposed to define SLS EVM parameters for PDSCH transmission scheme studies. The SLS EVM for DMRS/PTRS can be the same as for PDSCH. 
The proposal below is based on companies’ inputs on SLS EVM.
Proposal 3-1
· Study PDSCH and RS for PDSCH based on the following EVM for SLS:
· Note: EVM for AI/ML based DMRS overhead reduction is a separate issue

	Parameter
	Value

	Carrier frequency and duplex
	Around 0.7 GHz, FDD
Around 2 GHz, FDD
Around 4 GHz, TDD
Around 7 GHz, TDD

	Subcarrier spacing
	15 kHz for FDD
30 kHz for TDD

	Waveform
	CP-OFDM

	Channel model
	TR 38.901

	Scenario
	SMa, 1732 m ISD (for 0.7—4 GHz)
UMa, 500 m ISD (for 0.7—7 GHz)
UMa, 200 m ISD (for 4—7 GHz)

	Bandwidth
	Option 1: 20 MHz
Option 2: 100 MHz (for 4—7 GHz)
Other bandwidths are not precluded

	Deployment
	Option 1: 7 sites with 3 sectors/site
Option 2: 19 sites with 3 sectors/site

	BS transmit power (for 20 MHz)
	49 dBm for SMa, 1732 m
46 dBm for UMa, 500 m
44 dBm for UMa, 200 m 

	BS transmit power constraint
	Option 1: Per-port transmit power constraint
Option 2: Total transmit power constraint

	BS antenna configuration
	Around 0.7 GHz:
4 TXRUs, 32AEs, (M, N, P, Mg, Ng; Mp, Np) = (8, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.5)

Around 2 GHz:
64 TXRUs, 192 AEs, (M, N, P, Mg, Ng; Mp, Np) = (12, 8, 2, 1, 1; 4, 8), (dH, dV) = (0.5, 0.5)

Around 4 GHz:
32 TXRUs, 128 AEs, (M, N, P, Mg, Ng, Mp, Np) = (8, 8, 2, 1 ,1; 2, 8), (dH, dV) = (0.5, 0.8)
64 TXRUs, 256 AEs, (M, N, P, Mg, Ng, Mp, Np) = (16, 8, 2, 1 ,1; 4, 8), (dH, dV) = (0.5, 0.8)

Around 7 GHz:
128 TXRUs, 768 AEs, (M, N, P, Mg, Ng, Mp, Np) = (24, 16, 2, 1, 1; 4, 16), (dH, dV) = (0.5, 0.8)
256 TXRUs, 1024 AEs, (M, N, P, Mg, Ng, Mp, Np) = (32, 16, 2, 1, 1; 8, 16), (dH, dV) = (0.5, 0.8) for 4 GHz

Other BS antenna configurations are not precluded

	UE antenna configuration
	Option 1: According to handheld UT model in TR 38.901
· 2 Rx: Candidate antenna location 2 and 6
· 4 Rx: Candidate antenna location 2, 4, 6, and 8
· 8 Rx: Candidate antenna location 1—8
Option 2: ULA
· 4 Rx: (M, N, P, Mg, Ng, Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
· 8 Rx: (M, N, P, Mg, Ng, Mp, Np) = (1, 4, 2, 1, 1; 1, 4)
· 16 Rx: (M, N, P, Mg, Ng, Mp, Np) = (2, 4, 2, 1, 1; 2, 4)

	Traffic model
	Option 1: NFB, FTP 1, 500 kB
Option 2: NFB, FTP 3, 500 kB
Other traffic models are not precluded

	Scheduler
	PF

	Resource utilization
	20%, 50%, 70%

	Number of UEs per cell
	10 or 30 (for FTP 3)

	Modulation 
	Up to 256 QAM 

	MIMO scheme
	SU-MIMO and MU-MIMO with rank adaptation

	Precoder
	Reported by companies

	Receiver
	MMSE-IRC

	DMRS channel estimation
	Realistic

	Inter-cell interference estimation
	Realistic

	Inter-cell interference model
	Explicit

	CSI-RS periodicity
	20 ms

	CSI delay
	Option 1: 4 ms
Option 2: 13 ms

	Calibration errors for radios with passive antennas (for 4 TXRUs)
	Wideband phase error between Tx antenna port 0 and Tx antenna port  () can be modeled in following two ways:
Case 1: Independent random phase offset uniformly distributed between 0 and 2π between any two Tx antenna ports.
Case 2: Worst case where the phase error between Tx antenna port 0 and the last Tx antenna port is π.

	Performance metric
	Throughput



While some companies proposed to study high-speed train (HST) scenarios within this agenda item, no company provided SLS EVM assumptions for HST scenario. Companies are encouraged to provide EVM assumptions for evaluating HST scenarios.
Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



EVM for LLS
Apple, Huawei and Samsung proposed to define LLS EVM parameters for DMRS/PTRS studies. The LLS EVM for PDSCH transmission scheme studies can be the same as for DMRS/PTRS.
The proposal  below is based on companies’ inputs on LLS EVM.
Proposal 3-2
· Study PDSCH and RS for PDSCH based on the following EVM for LLS:
· Note: EVM for AI/ML based DMRS overhead reduction is a separate issue

	Parameter
	Value

	Carrier frequency and duplex
	Around 2 GHz, FDD
Around 4 GHz, TDD
Around 7 GHz, TDD
Around 30 GHz, TDD

	Subcarrier spacing 
	15 kHz for 2 GHz
30 kHz for 4 GHz and 7 GHz
120 kHz for 30 GHz

	Waveform
	CP-OFDM

	Channel model
	CDL-A/C in TR 38.901

	Bandwidth
	20 MHz
100 MHz
Other bandwidths are not precluded

	Delay spread
	30 ns, 100 ns, 300 ns

	UE velocity
	3 km/h, 60 km/h, 120 km/h

	BS antenna configuration
	Around 4 GHz
64 TXRUs, 192 AEs, (M, N, P, Mg, Ng, Mp, Np) = (12, 8, 2, 1, 1, 4, 8), (dH, dV) = (0.5, 0.8)

Around 7 GHz
128 TXRUs, 768 AEs, (M, N, P, Mg, Ng, Mp, Np) = (24, 16, 2, 1, 1; 4, 16), (dH, dV) = (0.5, 0.8)

Around 30 GHz
16 TXRUs, 2048 AEs, (M, N, P, Mg, Ng, Mp, Np) = (16, 8, 4, 2; 1, 1)

	UE antenna configuration
	2 Rx: (M, N, P, Mg, Ng, Mp, Np) = (1, 1, 2, 1, 1; 1, 1)
4 Rx: (M, N, P, Mg, Ng, Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
8 Rx: (M, N, P, Mg, Ng, Mp, Np) = (1, 4, 2, 1, 1; 1, 1)

	Receiver
	MMSE

	Channel estimation
	Realistic

	MCS 
	MCS = 10, 15, 20 (NR MCS table 2)
Other MCS are not precluded

	MIMO scheme
	SU-MIMO and MU-MIMO with fixed rank or rank adaptation

	Link adaptation and HARQ
	AMC or fixed MCS

	Precoder
	Reported by companies

	Performance metric
	MSE, BLER, SE



Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



PDSCH 
Number of layers
Several companies provided views on the supported number of SU-MIMO layers for PDSCH.
Apple, AT&T, Ericsson, LG, NTT Docomo, OPPO, Samsung, Sony, Spreadtrum, Xiaomi proposes to study or support up to 8 layers.
China Telecom, ETRI, Huawei proposes to support more than 8 layers. ETRI proposes to support up to 12 or 16 layers and Huawei proposes to support up to 16 layers.
Lenovo, Nokia, Tejas proposes to study whether more than 8 layers should be supported.
There seems to be consensus to support in 6GR, at least, as many spatial layers as in NR.
Proposal 4-1
· For the maximum number of SU-MIMO layers for PDSCH 
· Support, at least, up to 8 layers
· Further study whether to support more than 8 layers
· FFS: The maximum number of layers, e.g., 12 or 16
Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	




Codeword-to-layer mapping
Several companies discuss the issue of layer imbalance, the variation in post-equalized SINR across layers,  and methods to mitigate said layer imbalance, including how to map codewords to layers for PDSCH.
Some companies have provided simulation results and/or field measurements:
· Apple, BT, Huawei, Nokia, Qualcomm provide simulation results showing performance gains with new codeword to layer mapping compared to NR codeword-to-layer mapping. Nokia provide field measurements showing the presence of layer imbalance in real-world networks. 
· OPPO, Samsung provides simulation results showing slight or no performance gains with new codeword-to-layer mapping compared to NR codeword-to-layer mapping.
Many companies propose to change the number of codewords compared to NR codeword-to-layer mapping. Several companies propose to study more flexible mapping schemes, compared to the fixed NR codeword-to-layer mapping. Apple, BT, CATT, China Telecom, Ericsson, Fraunhofer, Google, Huawei, InterDigital, Lenovo, Nokia, OPPO, Spreadtrum, ZTE, Tejas proposes to study codeword-to-layer mapping with more than 1 codeword for rank up to 4. BT, China Telecom, Google, ZTE proposes to study increasing the number of codewords to beyond 2. Qualcomm proposed to support only 1 codeword and to study spatially coupled MIMO layer mapping.
Samsung proposes to reuse the NR codeword-to-layer mapping, for the following reasons: HARQ process and implementation complexity, DL/UL control signaling overhead, CSI overhead, and link adaptation efficiency. 
Apple suggests to approach codeword-to-layer mapping and interleaver with caution, due to their impact on UE implementation complexity.
For study of new codeword-to-layer mapping, Lenovo, Tejas, Xiaomi proposes to consider the NR codeword-to-layer as baseline. Ericsson proposes to consider the NR and LTE codeword-to-layer mappings as baseline.
CATT proposes to study order of layer mapping. Apple, CATT proposes to use NR mapping order (i.e., spatial first, frequency second, time third) mapping as starting point for 6G study
In short, companies have provided field measurements and simulations indication that PDSCH often exhibit significant post-equalized SINR imbalance across spatial layers. To mitigate the effects of layer imbalance, several companies propose moving beyond the fixed NR codeword-to-layer mapping and to support more than 1 codeword for up to 4 layers. On the other hand, some companies advocate for the simplicity and signaling efficiency of existing NR codeword-to-layer mapping, and lists challenges with new codeword-to-layer mapping, including HARQ process management, UL/DL control signaling overhead, CSI reporting overhead, etc.  
Proposal 4-2
· Study codeword-to-layer mapping for PDSCH
· Consider, at least, the following options:
· Option 1: 1 codeword for rank 1—4, 2 codewords for rank 5—8
· Option 2: 1 codeword for rank 1, and up to 2 codewords for rank 2—8
· Option 3: 1 codeword for rank 1—8 
· Consider, at least, the following aspects:
· Impact on PDSCH throughput
· Impact on HARQ processes 
· UL/DL control signaling overhead
· CSI reporting overhead
· Multi-TRP transmission
· Use spatial first, frequency second, time third mapping as starting point for study
Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



PDSCH transmission schemes
Several companies discuss PDSCH transmission schemes for single-TRP and multi-TRP operation.
There seems to be common view to support DMRS-based PDSCH transmission and to support both SU-MIMO and MU-MIMO.
Many companies propose to support both closed-loop and open-loop PDSCH transmission, with some companies, e.g., CATT, Huawei, InterDigital LG, OPPO, Qualcomm proposing to support or study non-transparent open-loop precoding schemes in addition to or instead of transparent open-loop precoding.
Many companies note that there is a lack of commercial deployment of multi-TRP transmission schemes in NR. CMCC states that the lack of support for multi-TRP in NR from day 1 is the main reason for its absence in commercial systems and emphasizes the importance of supporting multi-TRP transmission in 6GR from day 1. Furthermore, many companies propose unified framework for single-TRP and multi-TRP transmission.
There are diverging views on which of the plethora of multi-TRP transmission schemes in NR that should be supported in 6GR. Many companies note that different multi-TRP transmission schemes target the same functionality and that some schemes are redundant. For example, Vivo notes that single-DCI based SDM, SFN, and FDM schemes are all combating possible blockage in the radio link, but there is no obvious performance difference between them. Apple further notes that there is no clear differentiation in use cases between FDMSchemeA and FDMSchemeB.
A majority of companies identifies dynamic point selection (DPS) as a key multi-TRP scheme to be carried forward from NR, while no company explicitly propose to not support DPS. Samsung notes that DPS is a fundamental DL transmission scheme and an essential fallback mechanism compared to more advanced multi-TRP transmission schemes.
Coherent joint transmission (CJT) is highlighted by many as a core technology for enhancing spectral efficiency and delivering uniform user experience. E.g., CATT, China Telecom, Ericsson, Fujitsu, Google, Huawei, KDDI, OPPO, Samsung, Vivo, Xiaomi proposes to prioritize CJT. On the other hand, non-coherent joint transmission (NCJT) is proposed to be deprioritized, e.g., by Ericsson, Google, Samsung. Huawei notes that NCJT may be integrated into CJT for 6GR and should not be considered a standalone feature.
CMCC, ZTE discuss considerations for supporting high-speed train (HST) scenarios. ZTE lists challenges for HST, including rapid fluctuations in Doppler shift, lack of diversity gains in the Doppler domain, large latency of parameter reconfiguration, and large latency and uncertainty of handover, and backhaul/sync of TRPs intra/inter-DU. CATT notes that SFN can enhance transmission reliability in HST scenarios. OPPO proposes to study transmit diversity PDSCH transmission schemes to improve link quality in high-mobility scenarios.
For scheduling of multi-TRP transmissions, there seems to be a common view to support PDSCH scheduled by a single DCI. On the other hand, there seems to be diverging views on whether to support multi-DCI-based PDSCH. Apple, Ericsson, NTT Docomo, OPPO, Samsung, Vivo, Xiaomi suggests prioritizing single-DCI scheduling and/or to deprioritize multi-DCI scheduling. Huawei notes that multi-DCI-based NCJT has limited practical gains but large specification footprint. CMCC further notes that multi-DCI based multi-TRP schemes have limited practical gains while large specification footprint and that non-ideal backhaul among multiple TRPs makes real-time inter-TRP resource coordination difficult. Vivo mentions that multi-DCI-based multi-TRP should be deprioritized, since it requires a substantial increase in blind decoding attempts, complicated processing of two parallel PDSCH transmissions and out-of-order scheduling but shows marginal performance improvement.
Proposal 4-3
· For design of transmission scheme for PDSCH, consider the following aspects
· Support for DMRS-based PDSCH transmission with one DMRS port per layer
· Support for both SU-MIMO and MU-MIMO
· Support for both closed-loop and open-loop precoding
· FFS: Support for transparent and/or non-transparent open-loop precoding
· Support for both single-TRP and multi-TRP operation
· Support, at least, single-DCI-based PDSCH transmission
· FFS: Support for multi-DCI-based PDSCH transmission
· Strive to minimize the number of multi-TRP schemes compared to NR
· E.g., avoid multiple schemes for the same scenario
· Strive to design unified framework for single-TRP and multi-TRP transmission
· Focus on key scenarios, including
· Improved spectral efficiency and cell-edge coverage for eMBB/FWA
· Improved transmission reliability in HST scenarios
Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



Time-domain resource allocation (TDRA)
Several companies discuss time-domain resource allocation (TDRA) for PDSCH.
There are different views on whether to maintain the two existing NR mapping types.
· Some companies, e.g., Apple, CATT, China Telecom, ETRI propose to reuse the NR mapping types.
· Other companies mention to support or study single mapping type instead of multiple mapping types, as in NR. E.g., Ericsson proposes to aim for single mapping type with arbitrary start symbol, Huawei mentions that TDRA mechanism in 6G should jointly consider slot/mini-slot scheduling, Nokia mentions to review the supported TDRA functions, and Sharp proposes to design a single PDSCH mapping type.
There is significant support for allowing PDSCH transmission to cross slot boundaries and/or exceed the 14-symbol limit. Ericsson, InterDigital, Lenovo, LG, NTT Docomo Qualcomm, Samsung, Vivo, ZTE proposes to study or support cross-slot scheduling. Ericsson, NTT Docomo, Qualcomm, Vivo mentions to support PDSCH transmission beyond 14 symbols.
There are different views on whether PDSCH repetition and/or multi-PDSCH transmission should be supported or not.
· Some companies, e.g., Apple, CATT, Nokia, NTT Docomo, Vivo, Xiaomi proposes to study or support PDSCH repetition and/or multi-PDSCH. NTT Docomo proposes to support at least slot-based repetition for PDSCH. Vivo proposes studying TDM-based repetition schemes for PDSCH. Xiaomi suggests prioritizing TDM-based repetition for multi-TRP reliability purposes. CATT proposes that multi-PDSCH scheduling scheme can be considered at least in FR2-2. Nokia suggests reusing baseline TDRA operation form NR including PDSCH repetition and multi-PDSCH resource allocation.
· Other companies, e.g., Ericsson, Fraunhofer mentions that longer PDSCH allocation can achieve similar effect as PDSCH repetition and multi-PDSCH. Ericsson mentions that long PDSCH allocation can achieve similar effect as repetition/multi-PDSCH. Fraunhofer suggests that single-TRP and multi-TRP repetition should be considered sub-cases of unified scheme.
Proposal 4-4
· For time-domain resource allocation (TDRA) for PDSCH 
· Study whether to support single mapping type or multiple mapping types
· Study whether/how to support cross-slot PDSCH scheduling 
· Study maximum PDSCH length, e.g., PDSCH allocation longer than 14 symbols
· Study whether PDSCH repetition and/or multi-PDSCH should be supported in addition to or instead of cross-slot PDSCH scheduling
Company’s views and comments.
	Company
	Comments

	
	

	
	

	
	

	
	


Frequency-domain resource allocation (FDRA)
Several companies discuss frequency-domain resource allocation (FDRA) for PDSCH.
CATT, China Telecom, Ericsson, ETRI, Huawei, InterDigital, LG, NTT Docomo, Nokia, ZTE propose to support both RBG-based (“Type 0”) and RIV-based (“Type 1”) mapping, as in NR. Many companies want to also support dynamic switching between these two mapping types. Ericsson proposes that dynamic switching should be a mandatory feature.
CATT, NTT Docomo propose to study increased RBG sizes for large bandwidths.
Proposal 4-5
· For frequency-domain resource allocation (FDRA) for PDSCH
· Support both RBG-based (“Type 0”) and RIV-based (“Type 1”) mapping
· Support dynamic switching between RBG-based mapping and RIV-based mapping
· Further study the following aspects:
· RBG size for RBG-based mapping
Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



PRB bundling
The general view seems to be that PRB-bundling framework in NR should serve as starting point for 6G, i.e., that UE may assume that a same precoding matrix is used over a set of PRBs, denoted as a PRG. 
CATT notes that the PRB bundling scheme in NR is unnecessarily complicated and that a simpler scheme can be adopted in 6G. Similarly, Google notes that PRG size determination is unnecessarily complicated, with PRG size being indicated by the network and determined based on the scheduled bandwidth, and that simplified PRG size indication should be studied.
Some companies, including Apple, LG, note that PRG size is closely linked to DMRS configuration, and that long FD-OCC requires large PRG size.
There are different views on what PRG sizes that should be supported. Apple, NTT Docomo proposes to study larger PRG size for large bandwidth allocations. Apple further proposes to consider increasing the minimal PRB bundling size to 4. ETRI recommends supporting PRB bundling sizes of {2, 4, ‘wideband’}.
Proposal 4-6
· For PRB bundling for PDSCH
· UE assume that a same precoding matrix is used over a set of PRBs, denoted as a PRG
· Study which PRG sizes should be supported
· PRG sizes supported in NR as starting point for study
· Stive for simple PRG size configuration/indication
Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



Frequency interleaving
Several companies discuss PDSCH frequency interleaving.
Huawei, Samsung propose that NR should support, at least, non-interleaved RB mapping, and that benefits of interleaved RB mapping can be further studied. 
ETRI, LG, NTT Docomo mention that both non-interleaved and interleaved RB mapping should be studied.
Many companies comment that NR interleaved VRB-to-PRB mapping is not needed for RBG-based mapping, as it would just correspond to another bitmap allocation. ZTE suggests that NR interleaved VRB-to-PRB mapping can be deprioritized for 6GR, since RBG-based mapping can achieve equivalent diversity with greater flexibility. 
ZTE, Tejas propose RE-level interleaving, and provide simulation results showing gains with such interleaver compared to NR schemes. ZTE propose that RE-level interleaving within a symbol should be studied. Tejas propose that adaptive RE-level interleaving should be studied as an optional mechanism.
Qualcomm proposes to study a resource block bundle (RBB) level block interleaving, where the RBB matches the size of a PRG, and provide simulation results showing gains with such interleaver compared to NR schemes.
Apple suggests to approach codeword-to-layer mapping and interleaver with caution, due to their impact on UE implementation complexity.
Proposal 4-7
· For frequency interleaving for PDSCH
· Support at least non-interleaved mapping
· Further study whether/how to support interleaved mapping
· FFS: Mapping granularity, e.g., RE-level, RB-level, RBB-level
Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



Rate matching
Proposal on PDSCH rate matching will be provided in later round. Companies are welcome to provide their view on this topic before then.
Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



Other
This section is for some other proposals that companies think should be prioritized or discussed in this meeting.
Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



RS for PDSCH
DMRS types and DMRS ports
AT&T, Google, Huawei/HiSilicon, NEC, Nokia, OPPO, Sharp, vivo, and ZTE proposed to define only 1 DMRS type, given the observation that the performance for NR DMRS type1 and type2 are similar.
Several companies proposed the following values regarding the maximum number of DMRS ports:
· Option 1: Up to 24 DMRS ports: Apple, Google
· Option 2: Up to 32 DMRS ports: CATT, Lenovo, vivo
· Option 3: Up to 48 DMRS ports: ZTE, CATT, China Telecom, CMCC, Lenovo, NEC, Nokia, Docomo, Sony, TCL
· Option 4: Up to 64 DMRS ports: ETRI, Lenovo, Sharp
· Option 5: Up to 96 DMRS ports: Huawei/HiSilicon

Proposal 5-1
· 6GR study on DMRS for PDSCH is based on one DMRS type 
· Study the following options on the maximum number of DMRS ports for PDSCH
· Option 1: Up to 24 DMRS ports
· Option 2: Up to 36 DMRS ports
· Option 3: Up to 48 DMRS ports
· Option 4: Up to 64 DMRS ports
· Option 5: Up to 96 DMRS ports
· Companies are encouraged to provide system level simulation results for this study

Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



DMRS pattern
Apple, ZTE, CATT, CMCC, Google, Huawei/HiSilicon, InterDigital, Nokia, OPPO, Samsung, Sharp, and Xiaomi proposed to study the DMRS pattern based on NR DMRS, where the DMRS ports are multiplexed based on multiple CDM groups and different CDM groups are multiplexed in FDM manner. LGE also proposed to study the TDM based multiplexing for the DMRS ports if more than 24 ports DMRS are supported.
For DMRS frequency domain density, MTK proposed to study the frequency domain density based on {2, 3, 4} REs/RB, Sony proposed to study it also based on the frequency domain density of CSI-RS, e.g., 0.5 or even lower density. As several companies proposed to start with the NR DMRS pattern, the frequency domain density can also be based on {1, 1.5, 2} RE/RB. 
As several companies proposed to start with the NR DMRS principle, the time domain location for DMRS can be based on the front-loaded DMRS and additional DMRS. Further, Docomo, Qualcomm, Samsung and vivo proposed to study the DMRS pattern for multi-slot PDSCH. Fraunhofer proposed to study the selective muting or dropping of DMRS. The multi-slot part can be discussed after the study of single-slot PDSCH.
FutureWei proposed to study the UE reports DMRS density value to facilitate the DMRS pattern selection. This can be discussed after some candidate DMRS densities are fixed.
ZTE proposed that the study of the DMRS should also consider the other functionalities of DMRS, e.g., DMRS for CSI acquisition and DMRS for time and frequency tracking.

Proposal 5-2
· For DMRS for PDSCH, study the following schemes on the DMRS ports multiplexing
· Scheme 1: FDM based multiplexing
· Scheme 2: FD-OCC based multiplexing
· Scheme 3: TD-OCC based multiplexing
· Scheme 4: TDM based multiplexing
· For DMRS for PDSCH, study the frequency domain density for a DMRS port based on the following candidate values {0.5, 1, 1.5, 2, 3, 4} REs/RB
· Other candidate values are not precluded
· For PDSCH transmitted within a slot, the time-domain location for its DMRS is based on X front-loaded symbol(s) and Y additional symbol(s) within the slot
· FFS: The value of X and Y 
· FFS: The location of the X and Y symbol(s)
· FFS: The DMRS pattern for PDSCH transmitted in multiple slots
· The study above should be based on the performance of PDSCH reception
· FFS: whether the study above should also consider the following aspects:
· DMRS for CSI acquisition
· DMRS for time and frequency tracking

Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



DMRS sequence
There are not direct proposals for the DMRS sequence, but some companies proposed some design principles for the DMRS sequence as follows: 
· NR-like/NR-based DL DMRS sequence: Apple, Google, Docomo 
· Low-PAPR: CATT, Ericsson, NEC
· Inter-sequence interference reduction: Huawei/HiSilicon

Proposal 5-3
· Study the sequence of DMRS for PDSCH considering at least the following aspects
· PAPR
· Inter-sequence interference
· NR Rel-16 DL DMRS sequence can be the starting point for the study

Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	

	
	



PT-RS for PDSCH
CATT, Google, and InterDigital proposed to study PT-RS for PDSCH. Samsung proposed to study PT-RS only for FR2 and around 7GHz. The PT-RS study is also related to the phase noise. A phase noise model could be essential for the further study. 38.803 defines the phase noise model for NR study, but it could be necessary to send an LS to RAN4 asking whether the phase noise model is still valid for 6G study or not.

Proposal 5-4
· Study the PT-RS for PDSCH including at least the following aspects
· The necessity of PT-RS in different bands
· The time-domain and frequency-domain pattern(s) for PT-RS
· The number of ports for PT-RS
· The sequence of the PT-RS
· Other aspects are not precluded
· The phase noise model for PT-RS study, send an LS to RAN4 asking whether the phase noise model defined in 38.803 can be reused for 6GR study or not

Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	




AI/ML based DMRS overhead reduction
For AI/ML based DMRS overhead reduction, the following sub-use cases have been categorized in previous meeting and also proposed by companies in this meeting.
· Sub-use case A: Apple, CMCC, ETRI, Fujitsu, FutureWei, Google, Huawei/HiSilicon, InterDigital, KDDI, Lenovo, LGE, NEC, Nokia, NVIDIA, Panasonic, Rakuten, Shanghai Jiaotong University, Sony, Spreadtrum, vivo, Xiaomi, ZTE
· Sub-use case B: China Telecom, Google, HONOR, InterDigital, Lenovo, LGE, NVIDIA, OPPO, Panasonic, Rakuten, Sony, Xiaomi
· Sub-use case C: NEC, Nokia, NVIDIA, Panasonic
· Deprioritize the whole study: MTK, Samsung
Before further study, it could be necessary to firstly identify a EVM for the AI/ML based DMRS overhead reduction. Based on companies’ contributions and initial simulation results, the evaluations are based on link level results, and there can be the following EVM options:
· Option 1: Training and inference based on a link level channel model
· Option 2: Training and inference based on mixed link level channel models
· Option 3: Training and inference based on the channels from SLS
Before making the decision on the study direction, e.g., sub-use case or options under each sub-use case, it is necessary to align the evaluation methodology.
 
Proposal 5-5
· For AI/ML based DMRS overhead reduction, the link level simulation is used for performance comparison
· The training and inference are based on one of the following options
· Option 1: Training and inference are based on one LLS channel model 
· Option 2: Training and inference are based on mixed LLS channel models
· Option 3: Training and inference are based on channels from SLS

Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



Other
This section is for some other proposals that companies think should be prioritized or discussed in this meeting.
Company’s views and comments
	Company
	Comments

	
	

	
	

	
	

	
	



