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Introduction
This document provides a summary of prioritized remaining issues on PT-RS and a moderator’s proposal for agreement.
Open issues for CP-OFDM
Mapping to RBs
For mapping of PT-RS to RBs among the scheduled RBs for DL and UL: The no RB offset (=0, PT-RS is present in the scheduled RB with lowest RB index and then follows the pattern according to the PT-RS freq. density) is the default value. Down-selection among the following alternatives in RAN1#90bis:
· Alt.1: RB offset is fixed (e.g., RB offset=0) in Rel. 15
· Alt.2: RB offset is determined based on UE-specific configuration 
· FFS default RB offset is needed
· FFS the RB offset is explicitly signaled via higher layer signaling or implicitly determined based on the UE specifically configured parameter (e.g., C-RNTI, SCID) 
· Companies are encouraged to provide evaluation results for next meeting to assess whether higher layer configuration of RB offset is beneficial for interference randomization
Alt.1: Supported by: Ericsson, vivo, Spreadtrum, CMCC, NTT Docomo, Nokia, Nokia-SHB, LG Electronics
Alt.2: Supported by: Huawei, HiSi, Samsung, NEC, Qualcomm, InterDigital


Mapping within an RB

· Association with DMRS port
· For UL, the DMRS antenna port associated with PT-RS port is configured
· Supported by Intel

· Mapping to subcarrier within RB 

· The subcarrier in the RB where PTRS is mapped among the subcarriers used for the associated DMRS port 
· Alt.1 Fixed to smallest subcarrier index k in the RB also used by the associated DMRS port
· Alt.2 Default is fixed to largest subcarrier index k. Can be configured to other subcarriers by higher layer signalling.  
· Alt.3a Implicitly given by Cell ID 
· Alt.3b Implicitly given by another UE specific parameter (DMRS/PT-RS scrambling ID (if defined), C-RNTI,…) 
· Alt.4 Each DMRS port maps PT-RS to a different subcarrier by a specified rule 
Alt.1: Supported by: Ericsson, CMCC, vivo,Qualcomm, NTT Docomo, 
[bookmark: _GoBack]Alt.2: Supported by: Huawei, HiSi, CATT, LG Electronics, Nokia, Nokia-SHB, LG Electronics
Alt.3a: Supported by Samsung, Interdigital, Panasonic
Alt.3b: Supported by Intel,Panasonic, Interdigital, Huawei, HiSi
Alt.4: Supported by Ericsson, Spreadtrum, CATT, Lenovo, Motorola 

· Mapping to symbols within RB 

· For CP-OFDM and for DFT-s-OFDM, PTRS mapping starts from the first OFDM symbol in the slot that contains PDSCH/PUSCH
· Supported by: Huawei, HiSi, LG Electronics, Ericsson
· PT-RS is mapped to every n:th OFDM symbol counted from the location of 1st front-loaded DM-RS symbol within the slot/mini-slot.
· Supported by: NTT Docomo
· If additional DM-RS is configured and if PT-RS density is ½ or ¼
· Alt.0 PT-RS always punctured when colliding with DMRS
· Alt.1 PT-RS always punctured when colliding with DMRS and in adjacent symbols
· Alt.2 PT-RS shifted when colliding with DMRS 
· Supported by: Huawei, HiSi
· Alt:3 PT-RS behind additional DM-RS is mapped based on the location of the additional DM-RS symbol. 
· Supported by: NTT Docomo, Huawei, HiSilicon, LG Electronics, Ericsson
· If PT-RS is punctured by RS other than DMRS, PT-RS is shifted in time domain 
· FFS direction of PT-RS shifting
· Supported by: NTT Docomo, Huawei, HiSilicon

Example figures when colliding with DMRS (thanks to NTT Docomo, R1-1718199)
[image: ]
  (a) Before applying the method     (b) Alt. 1 (Puncturing)        (c) Alt. 2 (Shifting)       (d) Alt. 3 (New basis)

Mapping between DMRS and PT-RS ports
· The PT-RS port mapping for the two CW case, if one PT-RS port is configured for an DM-RS port group
· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
· If MCS of the 2 CWs is the same, CW 0 is selected
· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs)

Alt.1 Supported by Ericsson, LG Electronics, CMCC, NTT Docomo, Intel, ZTE, Sanechips
Alt.2 Supported by Lenovo, Motorola Mobility, vivo, CATT, Huawei, HiSi, Samsung, InterDigital
On the PT-RS sequence
· Symbol sequence on PT-RS
· Support using PN sequence for PTRS for CP-OFDM and selecting elements from PN sequence and mapping to PTRS REs based on PRB indices selected for mapping PTRS.
· Supported by Huawei, HiSi
· Configuration of scrambling ID is supported
· Supported by Intel
· Repeat the symbol on the associated DMRS port taken at the subcarrier for which the PT-RS is mapped, before applying FD-OCC
· Supported by Ericsson, ZTE, Sanechips, NEC, LG Electronics, NTT Docomo
· PT-RS should utilize the outer-most constellation points for its sequence to improve the phase estimation performance
· Supported by Nokia, Nokia-SHB, Huawei, HiSi

Configuration of frequency density
· Frequency domain PT-RS density
· The pre-defined value of N_RB1 in PTRS frequency density table for 60kHz and 120kHz subcarrier spacing is 1, while it can be configured with value larger than 1 by RRC signalling
· Supported by ZTE, Sanechips, Ericsson, Qualcomm, NEC Corporation, Nokia, Nokia.SHB, Samsung, NTT Docomo
· The pre-defined value of N_RB1 in PTRS frequency density table for 60kHz and 120kHz subcarrier spacing is 3, while it can be re-configured as 1 by RRC signalling
· Supported by Huawei, HiSi, , Spreadtrum, LG Electronics
· Density 1/3 is not supported, neither as default or by RRC configuration
· Supported by Ericsson, Nokia, Nokia-SHB, LG Electronics
· Density 1/1 is not supported, neither as default or by RRC configuration
· Supported by Nokia, Nokia-SHB
· N tables should be defined and dynamic switching should be possible
· Supported by Intel
· Should be determined by PRG size
· Supported by Intel
· Density is configured per BWP
· Supported by Intel, Huawei, HiSi


· Working assumption on frequency density table
· PT-RS frequency density table for 60 and 120 kHz SCS
· The listed BW thresholds are only for the predefined (default) table.
· As agreed before, the BW thresholds (N_RBi,i=1,…) in this predefined table can be replaced by RRC configuration 
· If frequency density is 1/n, then every n:th RB in the scheduled BW carry a PTRS port
· Confirm WA: Huawei, HiSilicon

Default frequency density tables for both 60 and 120 kHz SCS:

	Frequency density (1/n)
	Huawei
	Intel
	ZTE, Sanechips
	Spreadtrum
	Ericsson
	Nokia, Nokia-SHB

	No PT-RS
	NRB < 3
	-
	-
	NRB < 4
	NRB < 1
	-

	1
	3≤  NRB < 5
	0< NRB < 273
	NRB < 5
	4 ≤  NRB < 7
	NRB < 8
	-

	1/2 
	5≤  NRB < 10
	-
	
	7 ≤  NRB < 10
	8 ≤  NRB < 32
	0<NRB < 6

	1/3
	10≤  NRB < 15
	-
	
	10 ≤  NRB < 13
	-
	-

	1/4
	15≤ NRB
	-
	
	13 ≤ NRB
	32 ≤ NRB
	6 ≤ NRB



	LG Electronics 

	Contiguous Scheduled BW
	Frequency density (1/n)
	The maximum possible number of PT-RS subcarriers (LM)

	NRB < 3
	No PT-RS
	2 

	3 ≤  NRB < 7
	1
	4

	7 ≤  NRB < 13
	1/2
	4

	13 ≤  NRB
	1/4
	25 

	Spreadtrum 

	Contiguous Scheduled BW
	Frequency density (1/n)
	The maximum possible number of PT-RS subcarriers (LM)

	NRB < 3
	No PT-RS
	0

	3≤  NRB < [5]
	[1]
	4

	[5]≤  NRB < [10]
	[1/2]
	4

	[10]≤  NRB < [15]
	[1/3]
	4

	[15]≤ NRB
	1/4
	-



Configuration of time density
· Time domain PT-RS density
· The time density table cannot have the state “No PTRS”, this can only be present in the frequency density table
· Supported by Ericsson 
· In the case of two PTRS ports, the dynamic presence/time density of each PT-RS port should be determined by the MCS of its associated DMRS port 
· Supported by LG Electronics, ZTE, Sanechips
· N tables should be defined and dynamic switching should be possible
· Supported by Intel
· Density is configured per BWP
· Supported by Intel, Huawei, HiSi
Default time density tables for both 60 and 120 kHz SCS:
	
	Time density (1/m), every n:th OFDM symbol

	Modulation
	Ericsson
	Intel

	QPSK
	1/4 
	1

	16-QAM
	1/4
	1

	64-QAM
	1/2
	1

	256-QAM
	FFS
	1


· ZTE, Sanechips: support no PTRS for QPSK


· LG Electronics time density table proposal:
	Modulation
	Scheduled BW
	Time density

	QPSK
	-
	No PT-RS

	16-QAM
	-
	1/4

	64-QAM
	NRB <16
	1/2

	
	NRB≥16
	1

	256-QAM
	NRB <8
	1/2

	
	NRB ≥8
	1


Related to power boosting and MU-MIMO
· Power boosting
· No support for PT-RS power boosting by specifications (e.g. signalling)
Supported by Ericsson, Samsung, NTT Docomo, Nokia, Nokia-SHB 
· Power boosting of PT-RS relative to its associated DMRS can be applied on DL and UL PT-RS and EPRE ratio between PT-RS and PDSCH/PUSCH is explicitly signalled
· Supported by Intel
· Support power boosting for PTRS for CP-OFDM with predefined EPRE ratio between PTRS and {PDSCH or PUSCH} when more than one PTRS port are transmitted. No explicit signalling of EPRE ratio, the ratio is given by the number of layers and number of PTRS ports.
· Supported by Huawei, HiSi, LG Electronics

· ZP PTRS
· ZP PT-RS is supported. Details is FFS.
· Supported by Intel, ZTE, Sanechips, Panasonic, CMCC (for UL)
· ZP PT-RS is not supported
· Supported by Ericsson, Spreadtrum

Related to RRC & DCI configuration
· Configuration of PT-RS presence
· Higher layers indicate the possible presence of PTRS for both UL and DL simultaneously
· Supported by ZTE, Sanechips
· Higher layers indicate the possible presence of PTRS for both UL and DL independently
· Supported by Ericsson, Intel, InterDigital, LG Electronics
· Complemented dynamic presence of PT-RS for
· NR supports complementing UE-specific dynamic signaling (e.g. DCI) for
· Re-adjustment of PT-RS pattern time and/or frequency domain density parameters 
· Explicit indication of PT-RS transmission for UL, regardless of default configuration
· Supported by Ericsson, Nokia, Nokia-SHB
· Not supported by Huawei, HiSi

Related to UE feedback assistance 
· UE assistance related proposals:
· For CP-OFDM, support UE to report the desired number of DL and UL PTRS ports .
· Supported by: Huawei, HiSi, ZTE, Sanechips (the desired number of PTRS ports can be used for both DL and UL, the actual number of transmitted PTRS depends on gNB scheduling )
· Not supported by Ericsson
· For CP-OFDM, support UE to report the desired MCS/BW thresholds for presence/pattern indication for DL and UL PTRS.
· Supported by Huawei, HiSi, 
· Not supported by Ericsson
· Support UCI to carry the largest SINR layer indication if UE reporting is adopted.
· Supported by ZTE, Sanechips,Lenovo, Motorola Mobility, Ericsson, Intel 

Open issues with DFT-s-FDM
Related to location of chunks pre-DFT
· Support of chunk sizes in addition to K={2,4}:
· K=1
· Supported by vivo, Samsung, Nokia, Nokia-SHB, Qualcomm, LG Electronics
· Mapping of PT-RS
· For X=2 chunks, 
· Alt.1 HT- the chunks are located at the head and tail portions of the DFT input
· Supported by Mitsubishi, CMCC (?), Ericsson, LG Electronics
· Not supported by vivo, Huawei, HiSi
· Alt.2 MT- the chunks are located at the middle and tail portions of the DFT input
· Supported by Interdigitial, Nokia, Nokia-SHB
· Alt.3 HM- the chunks are located at the head and middle portions of the DFT input
· Supported by Huawei, HiSi
· Alt.4 MM- the chunks are placed middle of each of the X equally-sized parts of the DFTsOFDM symbols containing PTRS
· Supported by Samsung, Interdigitial, CMCC (?), Qualcomm
· For X=4 chunks, 
· The chunks are placed middle of each of the X equally-sized parts of the DFTsOFDM symbols containing PTRS
· Supported by Samsung, Interdigitial
· The PTRS sequence is inserted in samples 0…K-1, n…n+K-1, 2n…2n+K-1, M-K…M-1 among the M pre-DFT samples indexed 0…M-1, where n=floor((M-K)/3)
· Supported by: Mitsubishi
· The samples in DFT domain are divided in X intervals, where in the first interval the chunk is placed in the Head, in the last interval the chunk is placed in the Tail, and in the rest of intervals the chunk is placed in the middle of the interval
· Supported by Ericsson, LG Electronics


· NR supports PT-RS multiplexing with CDM within PT-RS chunks.
· Supported by Nokia, Nokia-SHB, Huawei, HiSi

· Time density (OFDM symbol)
· Support symbol-level time density of every 2nd symbol for PTRS for DFT-s-OFDM
· Supported by Huawei, HiSi, CMCC, InterDigital
· Supported symbol level time density is configurable
· Supported by Mitsubishi, Nokia, Nokia-SHB (every symbol is included), Huawei, HiSi, CMCC, InterDigital (MCS dependence)
· Configuration depends on DMRS positions (symbols near DMRS positions do not contain PTRS): Mitsubishi
· No other time density than in every OFDM symbol is supported
· Supported by Ericsson, Intel
Related to dynamic density and ON/OFF
· Configuration of chunk size, number of chunks and relation to MCS/BW
· For PTRS for DFT-s-OFDM, support predefined and RRC-configured association between presence/chunk-size/chunk-number and scheduled MCS/BW
· Supported by CMCC, Huawei, HiSi
· For PTRS for DFT-s-OFDM, support predefined and RRC-configured association between chunk-size/chunk-number and scheduled BW according to the table below. FFS on the values
· Supported by Ericsson, Mitsubishi (NRB1 = [16], NRB2 = [24], NRB3 = [32], NRB4 = [50], Y FFS)
	Scheduled BW
	X x K 
Mitsubishi, Ericsson

	0  NRB  NRB1
	2x2

	NRB1  NRB  NRB2
	2x4

	NRB2 NRB  NRB3
	4x2

	NRB3 NRB  NRB4
	4x4

	NRB  NRB4
	Yx4, Y=4 or Y>4 (FFS)




· Dynamic presence/absence of PTRS
· It should be possible to configure “NO PTRS” in the time density table, by RRC
· Supported by Ericsson, Huawei, HiSi
· NR should support both higher layer signalling to configure sets of K and X and DCI for selecting used K and X for pre-DFT PT-RS configuration
· Supported by Samsung
· When number of front-loaded DMRS symbol is 2 with TD-OCC, the PT-RS should not be used
· Supported by Intel, ZTE, Sanechips
· When the selected MCS is lower than a threshold, regardless of the density in the frequency domain indicated, PTRS should not be transmitted.
· Supported by vivo, ZTE, Sanechips, Huawei, HiSi
· Dynamic support for No PTRS
· PTRS for DFT-s-OFDM is mapped when scheduled MCS/BW are above pre-defined but RRC-configurable thresholds.
· Supported by Huawei, HiSi

Related to sequence for PTRS for DFT-s-OFDM
· Using pi/2 BPSK sequence for PTRS for DFT-s-OFDM when PUSCH is modulated as pi/2 BPSK
· Supported by Huawei, HiSilicon, IITH
· Using outermost points of PUSCH constellation for PTRS for DFT-s-OFDM, with possible phase shifting
· Supported by Nokia, NSB, IITH
· Using pi/2 BPSK sequence for PTRS for DFT-s-OFDM with its amplitude boosted to the same level as the outermost constellation points of the corresponding PUSCH
· Supported by Huawei, HiSi, IITH, Nokia, NSB (?)
· Using the same sequence as PT-RS for CP-OFDM
· Supported by Intel,vivo

Open issues for PT-RS for ECP
· For ECP, support reusing time/frequency densities of PTRS for CP-OFDM for NCP, and configuring MCS/BW thresholds for indicating presence/pattern of ECP PTRS by RRC signalling.
· Supported by Huawei,HiSi
Proposal from moderator
Proposal :
· On RB offset in DL and UL, Alt.1 RB offset is fixed to zero in Rel. 15, the PT-RS is mapped to the scheduled RB with lowest RB index
· 

The PT-RS symbol  on subcarrier k and symbol l use the same as the DMRS for the first front loaded symbol on that same subcarrier
· For DL and UL using CP-OFDM, the default PT-RS subcarrier k is the highest subcarrier k in the RB used by the associated DMRS port as given by the table below unless higher layer explicitly indicates a fixed subcarrier k={0,..,11} to be used for each PTRS.


	DMRS port
	Subcarrier k in the RB where PT-RS is transmitted for type 1 DMRS  
	Subcarrier k in the RB where PT-RS is transmitted for type 2 DMRS  

	1000
	10
	6

	1001
	8
	7

	1002
	11
	8

	1003
	9
	9

	1004
	10
	10

	1005
	8
	11

	1006
	11
	6

	1007
	9
	7

	1008
	-
	8

	1009
	-
	9

	1010
	-
	10

	1011
	-
	11




Way Forwards
TBD
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