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[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]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 Tdocs in NR Ad Hoc#2 [1] – [14] and offline discussions. 
Symbol location of DL RS
DL DMRS
· Symbol location of front-loaded DL DMRS in a 7 symbol slot.
· Symbol location of front-loaded DL DMRS in a 14 symbol slot.
· Option 1: Front-loaded DL DMRS is fixed at 4th and {4th, 5th} DMRS symbol.
Supported by Huawei, HiSilicon
Note: there is some discussion and agreement already in control discussion for the first DMRS location
· Symbol location of additional DL DMRS in a 14 symbol slot.
· Option 1: At least in non self-contained slot with a DL-burst of X symbols, NR supports configuring one-symbol DMRS in the (X-1)th symbol.
Supported by Qualcomm 
· Option 2: In the case of one additional DMRS symbol, support 12th symbol for the additional DMRS
Supported by Huawei, HiSilicon

Suggestion: For the case of 14 symbol for additional DMRS, downselect one of following:
Alt.1: NR supports configuring one-symbol DMRS in the (X-1)th symbol. 		
Alt.2: 12th for the 14-symbol slot in the case of one DMRS column.
              
CSI-RS  
· Symbol location of CSI-RS in 7 symbol self-contained slot.
· Symbol location of CSI-RS in 14 symbol self-contained slot.
· Option 1: At least in non self-contained slot with a DL-burst of X symbols, NR supports configuring one-symbol CSI-RS in the Xth symbol.
Supported by Qualcomm
· Option 2: At least in self-contained slot, NR supports a limited set of early CSI-RS locations including OFDM symbols {1}, {3}, {1, 3}, {3, 4}.
Supported by Qualcomm
· Option 3: CSI-RS can be configured at least at the 6th, 7th, 8th, 9th, 10th, 13th, 14th symbol of a 14-symbol slot.
Supported by Huawei, HiSilicon

Multiplexing of different types of DL RS
DL DMRS and PDSCH
· Multiplexing between DL DMRS and PDSCH
· Option 1: From a UE perspective, DL DMRS and PDSCH can be multiplexed on the front-loaded and configured additional DMRS OFDM symbol(s)
Supported by Huawei, HiSilicon
· Option 2: From a UE perspective, DL DMRS and PDSCH cannot be multiplexed on the front-loaded and configured additional DMRS OFDM symbol(s)

Proposal 1: In NR, support DL DMRS can be multiplexed with PDSCH for front-loaded and additional DMRS symbols.

DL DMRS and DL PTRS
· Regarding the collision between DL DMRS and DL PTRS
· Option 1: Puncture DL PTRS
Supported by CATT
· Option 2: Shifting the subcarrier for mapping DL PTRS in frequency domain.
Supported by LG

DL DMRS and SS block
· Regarding the collision between DL DMRS and SS block, If SS and DMRS scheduled in the same resource
· Option 1: DL DMRS is shifted in time.
Supported by Intel

CSI-RS and PDSCH (numerology issue)
· Numerology of CSI-RS when PDSCH is transmitted with multiple numerologies in the same OFDM symbol.
· Option 1: CSI-RS is transmitted with a reference numerology for all UEs.
· Option 2: CSI-RS is transmitted with the same numerology with PDSCH for a UE.
Supported by ATT

CSI-RS and PDCCH
· Multiplexing between CSI-RS and PDCCH
· Option 1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for normal slots.
Supported by Samsung, Huawei, HiSilicon, Intel, Ericsson
· Option 2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for normal slots.
· Note: PDCCH decoding behavior at UE side will not be changed by Option 2.
Supported by InterDigital, Xinwei, Nokia, ZTE, CATT, Qualcomm

CSI-RS and DL PTRS
· Regarding the collision between CSI-RS and DL PTRS
· Supporting non-overlapping between CSI-RS and DL PTRS
· Option 1: Shifting the frequency domain mapping for DL PTRS.
Supported by CATT, Huawei, HiSilicon, LGE
· Option 2: DL PTRS is punctured.
Supported by CATT
· Option 3: Collision is handled by configuring non-overlapping CSI-RS and DL PTRS pattern by gNB.
Supported by Intel

Proposal 2: At least support shifting frequency domain mapping for PTRS, in the case of collision of CSI-RS and PTRS.

CSI-RS and DL DMRS
· Multiplexing between CSI-RS and 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 symbols.
Supported by Samsung
· Option 2: From a UE perspective in the 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, Qualcomm, Xinwei
· Option 3: From a UE perspective, CSI-RS can be multiplexed on all potential DMRS OFDM symbol(s).
Supported by ZTE, Nokia, DOCOMO, InterDigital, CATT

Proposal 3: Down-select between following two alternatives:
· Alt.1: From a UE perspective in the 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).
· Alt.2: From a UE perspective, CSI-RS can be multiplexed on all potential DMRS OFDM symbol(s).

CSI-RS and SS block
· Multiplexing between SS block and CSI-RS
· Option 1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)
Supported by Qualcomm, Ericsson, Intel, Sony
· Option 2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s).
Supported by Huawei, InterDigital, Xinwei, Nokia, ZTE

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
· CSI-RS and TRS are two independent designs, support FDM multiplexed in the same OFDM symbol,
Supported by Ericsson, Qualcomm

This discussion may after the design of TRS.

Symbol location of UL RS
SRS 
· Symbol location of SRS in 7 symbol self-contained slot.
· Non self-contained slot.
· Self-contained slot
· Symbol location of SRS in 14 symbol self-contained slot.
· Non self-contained slot.
· Self-contained slot.
Option 1: Supports SRS transmission in the short uplink burst which is transmitted earlier than uplink ACK/NACK.
Supported by Qualcomm.
Multiplexing of different types of UL RS/Channels
SRS and PUSCH
· Multiplexing between SRS and PUSCH for different UEs
· Option 1: PUSCH and SRS can be multiplexed in the same OFDM symbol from different UEs.
Supported by Huawei, HiSilicon
· Option 2: PUSCH and SRS cannot be multiplexed in the same OFDM symbol from different UEs.
· Multiplexing between SRS and PUSCH for the same UE
· Option 1: From a UE perspective, PUSCH and SRS can be multiplexed in the same symbol.
· Option 2: From a UE perspective, PUSCH and SRS cannot be multiplexed in the same symbol.
Supported by Ericsson

SRS and PUCCH
· Open issues:
· How SRS and long PUCCH are multiplexed 
· How SRS and long PUCCH are multiplexed 
· Companies Views:
· How SRS and short PUCCH are multiplexed from a UE perspective
· Option 1: TDM with smaller subcarrier spacing
Supported by Qualcomm
· How SRS and short PUCCH are multiplexed from different UEs.
· Option 1: FDM for non-power limited UE
Supported by Samsung
Objected by Qualcomm

SRS and UL DMRS
· Multiplexing between SRS and UL DMRS
· Option 1: From a UE perspective, UL DMRS and SRS cannot be multiplexed in the same OFDM symbol.
Supported by Qualcomm, Ericsson
· Option 2: From a UE perspective, UL DMRS and SRS can be multiplexed in the same OFDM symbol.
SRS and UL PTRS
· Regarding the collision between SRS and UL PTRS
· Supporting non-overlapping between SRS and UL PTRS
· Option 1: For CP-OFDM, shifting the subcarrier for mapping UL PTRS in frequency domain.
Supported by LG
· Option 2: For CP-OFDM, UL PTRS is punctured if PUSCH and SRS cannot be multiplexed in the same OFDM symbol.
Supported by ZTE
UL DMRS and UL PTRS
· Open issue: whether to support multiplexing between UL DMRS and UL PTRS
UL DMRS and PTRS are TDM: supported by Ericsson
Conclusions
Based on the summary of the view from Tdocs, the following proposals can be tried:
Suggestion: For the case of 14 symbol for additional DMRS, downselect of  following:
Alt.1: NR supports configuring one-symbol DMRS in the (X-1)th symbol. 		
Alt.2: 12th for the 14-symbol slot in the case of one DMRS column.
Proposal 1: In NR, support DL DMRS can be multiplexed with PDSCH for front-loaded and additional DMRS symbols.
Proposal 2: At least support shifting frequency domain mapping for PTRS, in the case of collision of CSI-RS and PTRS.
Proposal 3: Down-select between following two alternatives:
· Alt.1: From a UE perspective in the 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).
· Alt.2: From a UE perspective, CSI-RS can be multiplexed on all potential DMRS OFDM symbol(s).
Related WFs 
[bookmark: _GoBack]R1-1711915 WF on PTRS multiplexing with other RSs for CP-OFDM ZTE, LGE
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