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1 Introduction

In this contribution, the views of RS multiplexing is summarized from companies’ Tdocs.
2 Key remaining issues for RS multiplexing
2.1 Key issues-1: Multiplexing for DMRS
Multiplexing between DMRS and CSI-RS
· Option 3-1: Within a BWP, a UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS

Qualcomm, Ericsson, MediaTek, Samsung, CATT, OPPO, vivo, Spreatrum, AT&T (9)
· Option 3-2: From a UE perspective, CSI-RS can be multiplexed on all any potential DMRS OFDM symbol locations(s)

Nokia, NSB, LGE, ZTE, Sanechips, Intel, DOCOMO (7)
Proposal 1: For multiplexing between CSI-RS and DMRS, CSI-RS cannot be FDMed with front-loaded DMRS, but CSI-RS can be FDMed with additional DMRS from UE’s perspective.
Multiplexing between DMRS and PTRS
· Not in a same symbol for PTRS and DMRS

Ericsson, Samsung, Spreadtrum
· PTRS can be FDMed with DMRS, puncture/shift PTRS if collided

CMCC, vivo
Multiplexing between DMRS and SS block, when SS block and PDSCH are scheduled in the same symbols
· DMRS and SS block can be in a same symbol
Intel, vivo, Huawei, HiSilicon
· DMRS and SS cannot be in a same symbol

Samsung, AT&T
Proposal 2: When SS block and PDSCH are scheduled in the same symbols, DMRS and SS block can be in a same symbol.
2.2 Key issue-2: Multiplexing for CSI-RS

Multiplexing between CSI-RS and PDCCH
· Option 2-1: CSI-RS can be mapped on REs outside CORESET in PDCCH symbols
ZTE, Sanechips, CMCC, CATT, OPPO, vivo, Huawei, HiSilicon, Qualcomm (with conditions), AT&T (10)
· Option 2-1:CSI-RS cannot be mapped on REs outside CORESET in PDCCH symbols
Samsung
Proposal 3: CSI-RS can be mapped on REs outside CORESET in PDCCH symbols.
Multiplexing between CSI-RS and SS block

· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)

Qualcomm, Samsung, CATT, Spreadtrum
· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s), if CSI-RS and an SS block collided, the CSI-RS is punctured 
Ericsson (for BM), Intel, Nokia, NSB, CMCC, LGE(RB level), OPPO, vivo, Huawei, HiSilicon, DOCOMO, AT&T
Proposal 4: Support multiplexing between CSI-RS and SS block in the same symbols. 

· In the case of a collision, the CSI-RS is punctured.
· FFS: the CSI-RS is for CSI acquisition and/or beam management
Multiplexing between NZP CSI-RS and ZP CSI-RS

· NZP CSI-RS and ZP CSI-RS can be overlapped: Assuming NZP CSI-RS transmission
Intel

2.3 Key issue-3: Multiplexing of SRS

Multiplexing between SRS and PUCCH

· Support only TDM between SRS and PUCCH

Qualcomm, CMCC, LGE
· If Prioritize SRS or short PUCCH transmission is supported, the prioritization rule of SRS and PUCCH 

· Alt.1: sPUCCH with ACK/NACK and/or beam failure recovery request > SRS > sPUCCH with only SR and/or CSI.
Huawei, HiSilicon

· Alt.2: Predefined rule and the massage carried by PUCCH: a) Periodic PUCCH (not including ACK/NACK) > periodic SRS; b) Aperiodic SRS > periodic PUCCH; c) Between aperiodic SRS and aperiodic PUCCH (e.g. ACK/NACK feedback), the one with later DCI trigger has higher priority.
ZTE, Sanechips,
· Alt.3: sPUCCH > SRS

Qualcomm, CMCC, LGE

Proposal 5:  Confirm the working assumption with supporting the prioritization rule of SRS and short PUCCH as follows: sPUCCH > SRS
· Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision

Multiplexing between SRS and PUSCH

· PUSCH can be FDMed with SRS in the unused SRS resource

ZTE, Sanechips, AT&T, OPPO

· Only TDM between PUSCH and SRS

Qualcomm, Huawei, Hisilicon, Ericsson
 Multiplexing between SRS and UL DMRS

· SRS and UL DMRS can be FDMed

ZTE, Sanechips, vivo

· Only TDM between SRS and UL DMRS

Huawei, Hisilicon, Qualcomm, AT&T, LGE
2.4 Key issue-4: Multiplexing for PTRS

PTRS and SS block can be in a symbol, shift PTRS if collided

CMCC

Multiplexing between SRS and UL PTRS

· SRS and PTRS cannot be in a same symbol

Ericsson, Huawei, Hisilicon, Qualcomm
· SRS and PTRS can be in a same symbol, puncture PTRS if collided

CMCC, OPPO
UL PTRS and UL DMRS cannot be in a same symbol

Ericsson
2.5 Key issue-5: Multiplexing for TRS
Multiplexing between TRS and CSI-RS 

Option-1: TRS is a configuration of CSI-RS
ZTE, Sanechips, Samsung, Huawei, HiSilicon

Option-2: TRS can be FDMed with CSI-RS
CATT, Ericsson
Multiplexing between TRS and DMRS/PDSCH/PDCCH/SS block: can follow the multiplexing of CSI-RS
ZTE, Sanechips, Samsung, Huawei, HiSilicon

Proposal 6:  Multiplexing schemes for TRS with DMRS/PDSCH/PDCCH/SS block follow the multiplexing schemes for CSI-RS with DMRS/PDSCH/PDCCH/SS block.
3 Possible conclusions in this meeting:

Proposal 1: For multiplexing between CSI-RS and DMRS, CSI-RS cannot be FDMed with front-loaded DMRS, but CSI-RS can be FDMed with additional DMRS from UE’s perspective.
Proposal 2: When SS block and PDSCH are scheduled in the same symbols, DMRS and SS block can be in a same symbol.
Proposal 3: CSI-RS can be mapped on REs outside CORESET in PDCCH symbols.

Proposal 4: Support multiplexing between CSI-RS and SS block in the same symbols. 
· In the case of a collision, the CSI-RS is punctured.
· FFS: the CSI-RS is for CSI acquisition and/or beam management
Proposal 5:  Confirm the working assumption with supporting the prioritization rule of SRS and short PUCCH as follows: sPUCCH > SRS
· Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
Proposal 6:  Multiplexing schemes for TRS with DMRS/PDSCH/PDCCH/SS block follow the multiplexing schemes for CSI-RS with DMRS/PDSCH/PDCCH/SS block.
Agreements in previous meetings
In RAN1 NR Ad-Hoc#3 meeting:
Agreement:
· Down-select among the following two options

· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)

· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)

· FFS on the conditions when multiplexing is allowed 

· Down-select among the following two options

· From a UE perspective, for REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 

· Option 2-1: NZP CSI-RS can be multiplexed

· FFS: Whether or not a UE needs to be aware of the CORESET of another UE, e.g., through configuration of a ZP-CSI-RS

· FFS: Whether or not PBCH is affected for common CORESET configuration, e.g., through a configuration of ZP-CSI-RS

· Option 2-2: NZP CSI-RS is not multiplexed

· Down-select among the following two options

· Option 3-1: Within a BWP, a UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS

· E.g., 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 3-1, CSI-RS is not multiplexed on the potential front-loaded DMRS OFDM symbol(s)

· Option 3-2: From a UE perspective, CSI-RS can be multiplexed on all any potential DMRS OFDM symbol locations(s)

· Note: Additional restriction from cell-/UE-group perspective will be further discussed based on the down-selection above
In RAN1#90 meeting:
Conclusion:

Regarding CSI-RS and TRS multiplexing/sharing, discuss after the TRS design is mature (target later this week)
Agreements:
· For UE’s perspective,

· For REs that is configured as a CORESET,

· NZP CSI-RS is not multiplexed.

· For REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 

· FFS: Whether NZP CSI-RS can be multiplexed or not

Agreements:

· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports signaling for PDSCH rate matching in DMRS symbols

· FFS details

Agreements:
· When one or more of PT-RS RE(s) is overlapped with CSI-RS

· The one or more overlapping PT-RS RE(s) is punctured

Agreements:
· For collision avoidance between short PUCCH and SRS, from a UE perspective, NR supports at least the following two options on a given carrier

· Collision is defined whenever SRS and PUCCH are transmitted in the same symbol, regardless of whether there are overlapped REs or not

· Option 1-1: symbol level TDM

· (Working assumption) Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision

· FFS whether to have one prioritization rule, or configurable prioritization

· Examples of prioritization rules

· Example 1

· Always prioritize PUCCH over SRS

· Example 2

· If PUCCH contains ACK/NACK, prioritize PUCCH

· Otherwise prioritize SRS

· FFS the case of FDM SRS and short PUCCH

In RAN1 NR Ad-Hoc#2 meeting:

Agreements:
· In NR, for a given BWP, support the case where CSI-RS for CSI acquisition and beam management is always transmitted with the same numerology as the PDSCH of the UE if PDSCH is present
· FFS the case when PDSCH is not present
Agreements:

· Down-select among the following two options in the next meeting

· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)

· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)

Agreements:

· Down-select among the following two options in the next meeting:

· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 

· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 

· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.

· 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
Agreements:

· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.

· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)

Agreements:

· Study further how to handle DM-RS and SS block collision (if any)

· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.

Agreements:

· Study further how to handle PT-RS collision with CSI-RS

References
[1] RAN1-89 Chairman Notes.
[2] RAN1 NR-AH2 Chairman Notes.

[3] RAN1-90 Chairman Notes.
[4] RAN1 NR-AH3 Chairman Notes.
[5] R1-1715447
Discussion on multiplexing of different RSs
ZTE, Sanechips

[6] R1-1715470
Multiplexing different types of RSs for DL and UL
Huawei, HiSilicon

[7] R1-1715511
On DL RS multiplexing
Spreadtrum Communications

[8] R1-1715621
On multiplexing of different types of RSs
vivo

[9] R1-1715705
Discussion on RS multiplexing
Guangdong OPPO Mobile Telecom.

[10] R1-1715805
Consideration on RS multiplexing
CATT

[11] R1-1715863
On multiplexing of different types of RSs
LG Electronics

[12] R1-1715965
Discussion on DL/UL RS multiplexing
Samsung

[13] R1-1716051
Discussion on multiplexing of different types of RSs
CMCC

[14] R1-1716170
Multiplexing different type of RSs
AT&T

[15] R1-1716227
On multiplexing of different reference signals
MediaTek Inc.

[16] R1-1716298
On multiplexing of different RS types
Intel Corporation

[17] R1-1716370
On Multiplexing of RS types
Ericsson

[18] R1-1716404
On multiplexing of different types of RSs
Qualcomm Incorporated

[19] R1-1716507
On multiplexing of different RS types
Nokia, Nokia Shanghai Bell
[20] R1-1717304      Multiplexing different types of RSs for DL and UL, Huawei, HiSilicon
[21] R1-1717371     On multiplexing of different RS types Intel Corporation
[22] R1-1717431     On multiplexing of different RS types ZTE, Sanechips
[23] R1-1717475     On multiplexing of different types of RSs vivo
[24] R1-1717628     Discussion on DL/UL RS multiplexing Samsung
[25] R1-1717744     Consideration on DL RS multiplexing Spreadtrum Communications
[26] R1-1717816     Consideration on RS multiplexing CATT

[27] R1-1717881     Discussion on multiplexing of different types of RSs CMCC
[28] R1-1717944     On multiplexing of different types of RSs LG Electronics
[29] R1-1718027     Discussion on RS multiplexing Guangdong OPPO Mobile Telecom
[30] R1-1718350     On RS multiplexing MediaTek Inc.
[31] R1-1718391     Multiplexing different type of RSs AT&T
[32] R1-1718446     On multiplexing of RS types Ericsson
[33] R1-1718514     On multiplexing of different RS types Nokia, Nokia Shanghai Bell
[34] R1-1718545     On multiplexing of different types of RSs Qualcomm Incorporated
