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1 Introduction

This paper provides a summary of open issues and companies’ views on 1) RS symbol location in a slot; 2) multiplexing of different types of RS and different channels 3) multiplexing of different types of RS based on Tdoc [1] – [46]. 
2 Symbol location of DL RS
2.1 DL DMRS

· For one-symbol front-load, additional DMRS may be transmitted in the scheduling unit every X=3*k, or X=4*k, or X=5*k symbols, for k integer, after the transmission of front-load DMRS.

Up to one additional two-symbol DMRS is supported when two-symbol front-load is used.
Supported by Qualcomm

· For 3 DMRS symbol case, support DMRS locations at {3th, 8th, 12th} OFDM symbols for 14 symbol slot

Supported by Media Tek
· If gNB can know the Doppler spread or related information of UE, support following additional DM-RS configurations. 
· 4th symbol counted from front-loaded DM-RS symbol (for self-contained ACK/NACK slot)

· 8th symbol counted from front-loaded DM-RS symbol (for non-self-contained ACK/NACK slot)

· 4th and 8th symbols counted from front-loaded DM-RS symbol (for non-self-contained ACK/NACK slot)

· 4th, 8th and 10th symbols counted from front-loaded DM-RS symbol (for non-self-contained ACK/NACK slot)
If gNB can’t know the Doppler spread or related information of UE, support following additional DM-RS configurations.
· 4th symbol counted from front-loaded DM-RS symbol (for self-contained ACK/NACK slot)

· 4th and 8th symbols counted from front-loaded DM-RS symbol (for non-self-contained ACK/NACK slot)
Supported by DCM
· Consider aligning the location of additional DMRS symbols for DL only and DL heavy slots (index starts from 0)
· One front-loaded DMRS with one additional symbol in slot index 10 

· Two front-loaded DMRS with two additional symbols in slot indices 9 and 10 

· One front-loaded DMRS and three additional symbols in slot indices 5, 8 and 11 when DMRS is configured to handle very high Doppler in DL only slots

· One front-loaded DMRS and two additional symbols in slot indices 5 and 8 when DMRS is configured to handle very high Doppler in DL heavy slots

Supported by Ericsson
· Support additional DMRS position {9th, 11th} for 14 symbol slot, {5th, 6th} for 7 symbol slot

Supported by Vivo

· For DL CP-OFDM with 14 symbol slots, when first DMRS location is fixed on the 4th symbol, support a set of DMRS symbol location, e.g., {4th, 8th, 12th} if 0 - 2 additional DMRS exists, or {4th, 7th, 10th, 13th} if 0 - 3 additional DMRS exists.
Supported by Huawei, HiSilicon

· DMRS is allocated at symbol 2, 3, 4, 7, 10 and 11 in a 14-symbol slot. (Index from 0)

Supported by Media Tek
2.2 CSI-RS

· Define 2/4-port CSI-RS resources on the {5th, 6th, 7th, 8th, 13th, 14th} OFDM symbols.
Supported by Samsung
· Allow placement of N=4 CSI-RS symbols on the {6th, 7th, 8th, 9th } OFDM symbols
Allow placement of N=2 CSI-RS symbols on the {7th, 8th} OFDM symbols

Allow placement of N=1 CSI-RS symbols on the {7th} OFDM symbol

Allow placement of N=4 pairwise adjacent symbols on the {7th, 8th, 12th, 13th} OFDM symbols.

Supported by Ericsson
· CSI-RS can be located at symbol 5, 6, 8, 9, 12 and 13.

Supported by Media Tek
3 Multiplexing of different types of DL RS/Channels
3.1 DL DMRS and PDSCH
· Option 1: From a UE perspective, DL DMRS and PDSCH can be multiplexed on both the front-loaded and additional DMRS OFDM symbol(s)
Supported by Huawei, HiSilicon, ZTE, Spreadtrum, Nokia, Ericsson, LGE, China Telecom, 
· Option 2: From a UE perspective, DL DMRS and PDSCH cannot be multiplexed on the front-loaded and additional DMRS OFDM symbol(s)
Supported by Nokia (with DMRS power boosting), KTC, ZTE
Proposal 1: Treat the WF R1-1714836
3.2 DL DMRS and DL PTRS
From a UE perspective, if DL DMRS and DL PTRS are scheduled in overlapping resource
· Option 1: Collision is avoided by proper configuration design.

Supported by Ericsson
· Option 2: PTRS is punctured

Supported by CMCC
3.3 DL DMRS and SS block

From a UE perspective, if DL DMRS and SS block are scheduled in overlapping resource
· Option 1: DL DMRS is shifted.
Object by Qualcomm
· Option 2: DL DMRS is punctured.

Supported by Qualcomm, Nokia
3.4 CSI-RS and PDCCH
· Option 1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot

Supported by Vivo, Samsung
· Option 2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot
· Note: PDCCH decoding behaviour at UE side will not be changed by Option 2

Supported by Oppo, ZTE, CATT
· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot
3.5 CSI-RS and DL PTRS
From a UE perspective, support non-overlapping between CSI-RS and DL PTRS, if CSI-RS and DL PTRS are scheduled in the same resource
· Option 1: Shift DL PTRS
Supported by Huawei, HiSilicon, CATT, LGE, CMCC
· Option 2: Puncture DL PTRS
Supported by Vivo, Nokia, ZTE, CATT, Qualcomm (PDSCH and CSI-RS are not FDMed)
· Option 3: Puncture CSI-RS

Supported by Qualcomm (PDSCH and CSI-RS are FDMed)
· Option 4: Configurable (puncturing or shifting) operation for DL PTRS according to remaining BW

Supported by Intel

· Option 5: Collision is avoided by proper configuration design.

Supported by Ericsson
Proposal 2: For the multiplexing between CSI-RS and PTRS, down-select for the following two solutions:

· Alt.1 Shifted DL PTRS 
· Alt.2 Puncture DL PTRS
3.6 CSI-RS and DL DMRS
· Option 1: From a UE perspective, CSI-RS is not multiplexed on all potential DMRS OFDM symbol(s) at least for slot with 7/14 OFDM symbol(s).

Supported by Qualcomm

· Option 2: From a UE perspective, in a slot with scheduled PDSCH, CSI-RS can be transmitted on the potential additional DMRS OFDM symbol(s), when the additional DMRS does not exist in the OFDM symbol(s).

· Note: In option 2, CSI-RS is not multiplexed on the potential front-loaded DMRS OFDM symbol(s)

Supported by Huawei, HiSilicon, LGE

· Option 3: From a UE perspective, CSI-RS can be multiplexed on all potential DMRS OFDM symbol(s) 

Supported by ZTE, CATT, ATT, Nokia
3.7 CSI-RS and SS block
· Option 1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)
Supported by ZTE, Intel, Ericsson
· Option 2: From a UE perspective, CSI-RS can be multiplexed on SS block OFDM symbol(s)

Supported by Vivo, LGE, Oppo, ATT, CMCC, Nokia, Huawei, HiSilicon
Proposal3: SS block OFDM symbols and CSI-RS can be multiplexed. 
3.8 CSI-RS and TRS
Whether or not CSI-RS can be used as TRS
· CSI-RS is used as TRS, there is no multiplexing issue.

Supported by Huawei, HiSilicon, ZTE, Vivo
· CSI-RS and TRS are two independent designs, support FDM multiplexed in the same OFDM symbol.
Supported by Ericsson, Qualcomm
3.9  DL PTRS and SS block
From a UE perspective, when DL PTRS and SS block are scheduled in overlapping resource
· Option 1: DL PTRS is punctured.
Supported by Nokia, Vivo
· Option 2: DL PTRS is shifted

Supported by Vivo, CMCC
4 Symbol location of UL RS
4.1 UL DMRS
For front-loaded DMRS
· Option 1: Front-loaded DMRS position locates at 3th or 4th OFDM symbol for slot based scheduling.
Supported by Intel, Samsung (UL only slot)
· Option 2: Front-loaded DMRS position is fixed to the first symbol w.r.t the PUSCH scheduling unit.

Supported by Intel, Qualcomm
· Option 3: The first symbol of front-loaded UL DMRS is in the 2nd OFDM symbol of a PUSCH transmission.
Supported by Ericsson
For additional DMRS

· For both a slot and a mini-slot scheduling unit, additional DMRS is transmitted with uniform spacing inside the scheduling unit.
Supported by Qualcomm
4.2 SRS

· In the UL long burst, support SRS transmitting in the following locations
· Before the transmission of the front-loaded UL DMRS of the PUSCH

· At the end of the UL long burst

Supported by Qualcomm
5 Multiplexing of different types of UL RS/Channels

5.1 UL DMRS and PUSCH
· Option 1: For CP-OFDM, from a UE perspective, UL DMRS and PUSCH can be multiplexed on both the front-loaded and additional DMRS OFDM symbol(s)

Supported by Huawei, HiSilicon, Ericsson
· Option 2: For CP-OFDM, from a UE perspective, UL DMRS and PUSCH cannot be multiplexed on the front-loaded and additional DMRS OFDM symbol(s)
· Option 3: For CP-OFDM, from a UE perspective, UL DMRS and PUSCH cannot be multiplexed on front-loaded DMRS OFDM symbols when only front-loaded DMRS is supported.

Supported by ZTE
5.2 SRS and PUSCH

· Option 1: From a UE perspective, SRS and PUSCH cannot be multiplexed on the same OFDM symbol(s).

Supported by Huawei, HiSilicon, Ericsson, Qualcomm

· Option 2: From a UE perspective, SRS and PUSCH can be multiplexed on the same OFDM symbol(s).

Supported by ZTE
Proposal 4: From a UE perspective, SRS and PUSCH cannot be multiplexed on the same OFDM symbol(s).
5.3 SRS and short PUCCH
From a UE perspective, NR supports one or both of the following options on a given carrier:
· Option 1: Support only one of the following options for avoiding collisions between NR-SRS and short PUCCH

· Option 1-1: symbol level TDM

Supported by CATT, Qualcomm, Ericsson, CMCC
· Option 1-2: FDM

Supported by Nokia, ATT
· Option 1-3: both symbol level TDM and FDM

Supported by Mitsubishi, Huawei, HiSilicon, ZTE, Samsung (FDM for non-power-limited UE)
· Option 1-4: CDM

Supported by ZTE

· Option 2: Prioritize SRS and short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision

Supported by CATT (PUCCH has higher priority), Mitsubishi (configurable priority), LGE, Samsung (PUCCH has higher priority), ZTE (NACK>SRS>ACK)
5.4 SRS and long PUCCH
· Option 1: From a UE’s perspective, support TDM between SRS and long PUCCH

Supported by Qualcomm, Huawei, HiSilicon
· Option 1: From a UE’s perspective, support FDM between SRS and long PUCCH
Supported by LGE, ATT
5.5 SRS and UL DMRS

· Option 1: From a UE perspective, SRS and UL DMRS cannot be multiplexed on the same OFDM symbol(s)

Supported by Nokia, Qualcomm, Huawei, HiSilicon, LGE, Ericsson
· Option 2: From a UE perspective, SRS and UL DMRS can be multiplexed on the same OFDM symbol(s)
Supported by ATT

Proposal 5: From a UE perspective, SRS and UL DMRS cannot be multiplexed on the same OFDM symbol (s).
5.6 SRS and UL PTRS
· Option 1: From a UE perspective, SRS and UL PTRS cannot be multiplexed on the same OFDM symbol(s)
Supported by Nokia, Qualcomm, Huawei, HiSilicon, Ericsson
· Option 2: From a UE perspective, SRS and UL PTRS can be multiplexed on the same OFDM symbol(s)
Supported by ATT

Proposal 6: From a UE perspective, SRS and UL PTRS cannot be multiplexed on the same OFDM symbol(s).
Conclusions:

Proposal 1: Treat the WF R1-1714836 for multiplexing between DMRS and PDSCH

Proposal 2: For the multiplexing between CSI-RS and PTRS, down-select for the following two solutions:

· Alt.1 Shifted DL PTRS 

· Alt.2 Puncture DL PTRS
Proposal3: SS block OFDM symbols and CSI-RS can be multiplexed. 
Proposal 4: From a UE perspective, SRS and PUSCH cannot be multiplexed on the same OFDM symbol(s).
Proposal 5: From a UE perspective, SRS and UL DMRS cannot be multiplexed on the same OFDM symbol (s).
Proposal 6: From a UE perspective, SRS and UL PTRS cannot be multiplexed on the same OFDM symbol(s).
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