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Introduction
In RAN1-NRAH3, the following agreements were made:
Agreement:
· The subcarrier for which the PTRS associated with a certain DMRS port is mapped is the same in all RBs where PT-RS is present 
· The maximum number of DL PT-RS ports is the same as the number of DMRS groups per PDSCH, which is 2 in Rel-15
· The subcarrier in the RB where PTRS is mapped among the subcarriers used for the associated DMRS port, consider further these alternatives until Wednesday: 
· Alt.1 Fixed to smallest subcarrier index k 
· 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 
Agreement: 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 if supported. 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
Agreement: For chunk-based pre-DFT PTRS insertion for DFTsOFDM, support the following
· The supported values for K (chunk size) are 2 and 4
· Implicit configuration depending on MCS/BW
· The supported values for X (number of chunks/DFTsOFDM symbol) are at least 2 and 4
· X implicitly depends on allocated bandwidth and/or MCS and/or K value
· Implicit configuration can be subcarrier spacing dependent
· FFS if K=1 is also supported and exact mechanism
· When X=2 is configured, downselect among the following:
· Alt. 1: chunks are placed head/tail of DFTsOFDM symbols containing PTRS
· Alt. 2: chunks are placed middle/tail of the  DFTsOFDM symbols containing PTRS
· Alt. 3: chunks are placed head/middle of the  DFTsOFDM symbols containing PTRS
· Alt. 4: chunks are placed middle of each of the X equally-sized parts of the  DFTsOFDM symbols containing PTRS
· For PTRS sequence, downselect from the following options:
·  Option 1:
· pi/2 BPSK PTRS is used for pi/2 BPSK PUSCH
· [FFS] PTRS sequence consists of the outermost points of the PUSCH constellation
· Option 2
· Reuse the same sequence as PTRS or DMRS sequence for UL CP-OFDM
· FFS: Time-domain PTRS density reduction is supported at least for allocated bands below N RB and/or some MCS
· Time-domain pattern depends on DM-RS positions (DFTsOFDM positions near DMRS do not contain PTRS)
· FFS: N value
· FFS: every other DFTsOFDM symbol not neighbouring DM-RS positions does not contain PTRS
· For RB allocation larger than N, PTRS density reduction is configured by RRC

[bookmark: _Ref178064866]Discussion
In this contribution, we discuss different aspects related with the design of the Phase Tracking Reference Signal (PTRS), used to estimate, and compensate for phase noise related errors.
This contribution is divided in two main sections, one focused on the open issues of the PTRS design for the CP-OFDM waveform (both for DL and UL) and the second one focused on the open issues of the PTRS designed for DFT-S-OFDM waveform.
PTRS design for CP-OFDM
Time and frequency density
As previously discussed in [1], the thresholds of the predefined density tables for PTRS is an important open issues left in the PTRS design for NR. We think that for NR Rel.15 the default tables must offer performance benefits for the most usual cases (radios with the current state of the art oscillators for mmWave frequencies). A UE must obtain a good performance without the need of signalling the tables, and if this performance should be further optimized when more data about devices phase noise characteristics becomes available, RRC signalling will be used. Based on the evaluations results presented in [2], we propose to use Table 1 and Table 2 as the default tables for 60 and 120 kHz, which are valid for both DL and UL. 
[bookmark: _Toc494732289]The default PTRS time density, used unless the UE is RRC configured other values,  every 4th symbol for QPSK and 16 QAM and every 2nd symbol for 64 QAM is used. TBD for 256QAM.
[bookmark: _Toc494732290]The default PTRS frequency density, used unless the UE is RRC configured other values, every n:th scheduled RB carries PTRS, where n={1,2,4} for <8 RBs, between 8 and 31 RBs and more than 31 RBs respectively. 
	Scheduled MCS
	Time density

	QPSK and 16 QAM
	1/4

	64 QAM
	1/2

	256 QAM
	TBD


[bookmark: _Ref485307247]Table 1. Association table between PTRS time density and MCS for 60kHz and 120 kHz SCS.
	Scheduled BW
	Freq. density

	0  NRB  8 PRB
	1

	8 PRB NRB  32 PRB
	1/2

	32 PRB NRB 
	1/4


[bookmark: _Ref485307461]Table 2. Association table between PTRS freq. density and scheduled BW for 60kHz and 120 kHz SCS.
Table 1 and Table 2 do not include the NO PTRS option, hence PTRS is always present by default. The main motivation for removing this option is that at least for UL PTRS, PTRS always present could be needed for proper CFO compensation, meaning that in some cases the option of PTRS always ON is needed (even for sub-6 GHz transmissions). Also, if we use PTRS always ON as default option, UE and gNB will be able to obtain more statistics of the phase noise produced by the local oscillator, which is a desired property because it helps to obtain more optimized density tables that will be later signalled by RRC. Moreover, removing the NO PTRS entry from the default table does not have a significant impact because the presence of PTRS is configured by RRC as agreed in [3] so in the cases in which PTRS is not required, RRC signalling can be used to disable PTRS transmission.
PTRS could be used for CFO estimation for UL, even for sub-6 GHz transmission and for all subcarrier spacings.
A default configuration with PTRS always ON helps to obtained more optimized density tables.
[bookmark: _Toc494732291]Do not include the PTRS OFF entry in the default time/freq. density tables for PTRS.
An important detail related with the PTRS presence is that it should be independent for DL and UL, because each case has different requirements (for DL PTRS is just used for phase noise compensation and for UL it could be used also for CFO and Doppler compensation). Therefore, we propose to have independent indication by RRC of the PTRS presence for DL and UL.
[bookmark: _Toc494732292]Higher layers indicate the possible presence of PTRS for both DL and UL independently.
PTRS port signalling
It was previously agreed that for the 1 CW case the PTRS port is associated with the lowest DMRS port index among the DMRS group. In order to transmit PTRS in the best transmission port, precoding permutation could be used. Therefore, additional signaling to inform the gNB about the required transmission precoding vector permutation is needed. We think that signalling this information is very important because it assures a good accuracy in the phase estimation. As previously discussed in [1], UCI is the preferred signalling option to include information about the best transmission precoding vector because it can track the fast changes in the channel (while RRC can’t). The information about the best transmission precoding vector must be based on CSI-RS measurements.
RRC is not a good option for transmitting information about the best transmission port because it can’t track the quick changes in the the quality of the transmission ports.
[bookmark: _Toc489947328][bookmark: _Toc490218113][bookmark: _Toc492908391][bookmark: _Toc494732293]Support UCI signaling to assist gNB in determining a preferred transmission precoding vector for PTRS, based on CSI-RS measurements.
The UCI signaling is a tradeoff between overhead and performance. It is observed that for rank 1 feedback there is no need to feedback preferred transmission port, while for rank 2 feedback there are two options. 
[bookmark: _Toc489947315]Required bits to indicate preferred precoding vector column and RI are dependent
For example, for up to 4 CSI-RS ports and up to rank 4 transmission, 2 bits are required in the CSI-feedback for the Rank Indicator. By increasing the number of bits to 3, we can include also information about the best transmission port (or precoding matrix column) as shown in Table 3. The presented solution does not allow to signal the best port in all the cases but limits the impact on overhead. For example, for the case with Rank Indicator 4 just 2 ports among 4 can be selected. However, even if we cannot select the best transmission port in all the cases, this scheme ensures that PTRS is not transmitted in the worst port, using just 1 additional bit in the UCI. Other options may allow to signal which is the best transmission port in all the cases, but they have the disadvantage of requiring more signaling bits, which is not desired because there are few available bits in the UCI.  Moreover, the performance loss of not transmitting PTRS in the best transmission port for transmissions with high Rank Indicator is not as important as for transmission with low Rank Indicator, because the number of antennas in the receiver is usually higher, so more accuracy in the estimation is obtained thanks to the averaging of the estimation over the different antennas. 
[bookmark: _Toc492908392][bookmark: _Toc489947329][bookmark: _Toc490218114][bookmark: _Toc494732294]Information about the preferred transmission port is jointly encoded with the Rank Indicator.

	Signaled bits
	Rank indicator
	Preferred transmission port

	000
	1
	0

	001
	2
	0

	010
	2
	1

	011
	3
	0

	100
	3
	1

	101
	3
	2

	110
	4
	0

	111
	4
	2


[bookmark: _Ref494454791]Table 3.  Example of joint CSI-feedback information for Rank Indicator and preferred port transmission
Port selection for PTRS for 2 CW transmission
In this subsection we study the association of PTRS to a transmission port for the 2 CW case. Two different alternatives are considered:
· 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).
For the case in which both CW have the same MCS, the SINR levels of the different ports associated with each CW should not be very different. Thus, in this case there is not significant difference between Alt.1 and Alt.2 (in terms of phase estimation accuracy). For the case with 2 CW with different MCS, the CW with highest MCS is usually transmitted in the subset of ports with best SINR. Hence, Alt.2 could lead to low accuracy in the phase estimation in some cases (as the case in which the PTRS port is associated with a port assigned to the CW with lowest MCS). Alt.1 does not present this problem because the PTRS port is always associated with a port assigned to the CW with highest MCS. Moreover, Alt.1 does not require additional signalling even though the PTRS port is not always associated with the DMRS port with lowest index in the DMRS group. Therefore, Alt.1 is preferred.
[bookmark: _Toc492908390][bookmark: _Toc494732295]For PTRS port mapping in the case of 2 CW, the PT-RS port associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS is selected. If MCS of the 2 CWs is the same, CW 0 is selected (Alt.1)
For the 2 CW case, precoder permutation in the gNB based in UCI signaling could lead to a scenario in which the MCS obtained with CQI for each CW is outdated (because the CQI reporting is done per CW, not per port). For example, the case in which we permute two ports associated with a different CW (as shown in Error! Reference source not found.). 

[image: ]
Figure 1. Example of 2 CW transmission in which the precoder permutation produces that the CQI for each CW is outdated.
In order to avoid this situation, the UCI signaling information about the best transmission port for PTRS must be limited to the set of ports associated with the CW with highest CQI. For example, if DMRS ports 0/1/2/3 are associated with a CW0 with CQI0 and ports 4/5/6/7 associated CW1 with CQI1, (with CQI1>CQI0) UCI signaling must only include a port from 4 to 7 for the precoding permutation. This solution not only avoids the scenario shown in  Error! Reference source not found. in many cases but also reduces the required number of bits in the UCI for indicating the precoder permutation (in the example case the number of bits is reduced from 4 to 2). However, in some few cases it could be that the CW associated with the highest CQI is not the CW associated with the highest MCS. In this cases the precoder permutation could also lead to the scenario shown in Error! Reference source not found.. The best alternative to avoid this situation is that if the CW associated with the highest CQI is not the CW associated with the highest MCS the precoding permutation indicated in the UCI is ignored by the gNB, i.e. an implementation issue. This would not have a significant effect on the phase accuracy because PTRS is still transmitted in a port associated with the highest MCS, which assures a good quality for the phase estimation.
[bookmark: _Toc494732296]For the 2 CW case, the preferred transmission precoding vector for PTRS included in UCI must be selected from the set of ports associated with the CW with highest CQI.
For the 2 CW case, if the CW associated with the highest CQI is not the CW associated with the highest MCS, the permutation indicator in the UCI is ignored by the gNB.
PTRS to subcarrier mapping
In the last RAN1 meeting companies were encouraged to choose one of the following alternatives for selection of 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 
· 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 
Some companies claim that with a fixed PTRS mapping (as in Alt.1, Alt.2, and Alt.4) in which interfering UE’s or gNBs map PTRS to the same subcarrier (as shown in Error! Reference source not found.a) the effect of the PTRS to PTRS interference causes several degradations in the performance. They suggest to avoid this degradation by randomization of the PTRS mapping (Alt. 3) because the PTRS to PTRS interference is avoided and PDSCH to PTRS interference is achieved. With the randomization option interfering UE’s and gNBs place PTRS in different subcarriers as shown in Error! Reference source not found.b. 
	[image: ]
a) PTRS fixed mapping
	[image: ]
b) PTRS randomized mapping


Figure 2. RS mapping for two different types of PTRS mapping for the layer associated with PTRS.
However, in [2] we present evaluation results showing that PTRS to PTRS interference offers better performance than PDSCH to PTRS interference. It is important to highlight that this is true only if DMRS symbol repetition is used as PTRS sequence, because the interference in the reference for the phase estimation (DMRS symbol) and in the symbol in which we want to estimate the phase is the same. The DMRS repetition sequence consist in for a given subcarrier the PTRS symbol sequence should be formed by repeating the value of the DMRS symbol on that subcarrier (where the symbol is taken from the first DMRS OFDM symbol in case the front loaded DMRS uses two OFDM symbols). Moreover, in Appendix 5.1 in [4] we presented the derivations that support this argument. Therefore, Alt.3a and Alt.3b offer worst performance than any Alternative with PTRS to PTRS interference.
Fixed mapping for PTRS is more robust to interference than randomized PTRS mapping if DMRS symbol repetition is used as PTRS sequence .
Moreover, the PTRS mapping is closely related with the multiplexing of PTRS and CSI-RS. In the cases in which CSI-RS and PTRS are FDM, the CSI-RS configuration must avoid the subcarriers in which PTRS is mapped (in order to obtain a phase estimate for the data symbols mapped to this OFDM symbol). It has been already agreed that CSI-RS uses in all cases FD2, and so each CSI-RS port includes 2 adjacent CSI-RS RE in the frequency domain. This fact produces that a configurable PTRS mapping (Alt 3a and 3b) could lead to a low number of available RE for CSI-RS in some cases, as shown in Figure 3. This is an important drawback of the configurable PTRS mapping.
Configurable PTRS subcarrier selection offers less flexibility for PTRS and CSI-RS multiplexing.

	[image: ]
a) PTRS fixed mapping
	[image: ]
b) PTRS configurable mapping


[bookmark: _Ref492651029]Figure 3. Example of PTRS fixed and configurable mapping and the available CSI-RS ports.
Regarding Alt.1 and Alt 2, they do not allow to multiplex different PTRS ports when its associated DMRS ports use the same COMB but different OCC sequence, while Alt.4 allows it without additional signaling. Therefore, we think that Alt.4 is the best option for PTRS mapping because it is more robust to interferences and offers more flexibility for PTRS and CSI-RS multiplexing than Alt.3a and Alt3b, it allows multiplexing of PTRS ports when its associated DMRS ports use the same COMB but different OCC sequence and does not require additional signaling. The fixed rules for association of PTRS to one subcarrier according to its associated DMRS port that we propose are shown in Figure 4 for DMRS type 1 and 2. 
[bookmark: _Toc492908397][bookmark: _Toc494732297]Adopt Alt.4 for PTRS subcarrier selection, where PTRS is mapped to local subcarrier index k’{0,1} within the FD-CDM group in the RB with lowest subcarrier index k, and when FD-OCC=[1 1] then k’=0 and when FD-OCC=[1 -1],  k’=1. 

	[image: ]
a) PTRS ports for DMRS type 1
	[image: ]
b) PTRS ports for DMRS type 2


[bookmark: _Ref492652917][bookmark: _Ref494478402]Figure 4. Proposed subcarrier allocations for PTRS for each PTRS port.
[bookmark: _Toc485298800][bookmark: _Toc485298862][bookmark: _Toc485298801][bookmark: _Toc485298864]PTRS sequence 
Based on the observations in the previous section, we make the following proposal:
[bookmark: _Toc494732298]On a given subcarrier, the PTRS symbol sequence should be formed by repeating the value of the first front loaded DMRS symbol on that subcarrier.

PTRS RB offset
It was agreed in the last RAN1 meeting that RB offset 0 is supported as default value. Different alternatives for handling different RB offset were proposed:
· 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) 
The main reason to introduce PRB offset in the PTRS mapping is to randomize the interference. However, we just saw in the previous section that randomization is not needed if DMRS symbol repetition is used as PTRS sequence. Therefore, we think that Alt.1 is the most suitable option because does not depend on any system parameter and does not require additional signalling.
[bookmark: _Toc494732299]PTRS RB offset is fixed to 0.
Power considerations for PTRS in SU-MIMO
It was previously agreed that for SU-MIMO, NR should use orthogonal multiplexing for PTRS when more than 1 port is used in the transmission [7]. Due to the orthogonality, in one RE NZP-PTRS is just transmitted in one of the ports while the other ports are blanked. This allows power boosting of the NZP-PTRS because the power of the blanked RE in other ports can be used by the PTRS port (keeping the same EPRE than in a PDSCH RE). Power boosting also improves the phase estimation accuracy. An important aspect of power boosting of NZP-PTRS is that does not require additional signalling because the Rx side does not need to know the power of the NZP-PTRS to perform an accurate phase estimation (because with PTRS we are just interested in estimating the phase, not the amplitude). 
[bookmark: _Toc494732300]Support power boosting of NZP-PTRS for SU-MIMO without any additional power offset signalling.
PTRS multiplexing for MU-MIMO
It has not been yet agreed if NR should support orthogonal multiplexing of PTRS for co-scheduled UE’s in MU-MIMO (using ZP-PTRS). In [5] we discussed about the different advantages and disadvantages of orthogonal and non-orthogonal multiplexing of PTRS for MU-MIMO. The main conclusion was that orthogonal PTRS multiplexing for MU-MIMO has higher overhead, requires additional signaling and may present EPRE (Energy per RE) imbalance problems in some cases. 
Moreover, if overhead and imbalance problems is ignored, in [6] it is shown that the performance that could be obtained with non-orthogonal multiplexing is almost as good as the one with orthogonal multiplexing. Therefore, non-orthogonal multiplexing is preferred because it has lower overhead, does not require additional signaling, and has good EPRE properties.
[bookmark: _Toc485298872][bookmark: _Toc485399129][bookmark: _Toc489947332][bookmark: _Toc490205834][bookmark: _Toc494732301]Orthogonal PTRS and ZP-PTRS for MU-MIMO are not supported.
PTRS design for DFT-S-OFDM
X and K selection
It has been already agreed that at least X={2,4} and that K={2,4}. However, it is still not clear which parameters are associated with X and K. In [8] we present evaluation results showing that the value of X and K should be independent of the scheduled MCS. Also, the results show that K must be associated with the scheduled BW and X must be associated with the value of K and with the scheduled BW. Therefore, we propose to use the association table in Table 4 to determine the value of X and K. Similar to the CP-OFDM case, a default association table must be designed. Also the thresholds of the default association table can be override using RRC according to the properties of the oscillators used.
[bookmark: _Toc494732302]Adopt association between K and the scheduled BW.
[bookmark: _Toc494732303]Adopt association between X and K and the scheduled BW.
[bookmark: _Toc494732304]Adopt Table 4 as default association table for X and K.
[bookmark: _Toc494732305]The thresholds in the default table can be overridden by RRC signalling.

	Scheduled BW
	K (Samples per chunk)
	X (Number of chunks)

	0  NRB  NRB1
	2
	2

	NRB1  NRB  NRB2
	2
	4

	NRB2 NRB  NRB3
	4
	2

	NRB3 NRB
	4
	4


[bookmark: _Ref494705915]Table 4. Association table for X and K.
Chunk placement when X=2
In the previous RAN1 meeting companies were encourage to select one of the following alternatives for the chunk placement when X=2:
· Alt. 1: chunks are placed head/tail of DFTsOFDM symbols containing PTRS
· Alt. 2: chunks are placed middle/tail of the DFTsOFDM symbols containing PTRS
· Alt. 3: chunks are placed head/middle of the DFTsOFDM symbols containing PTRS
· Alt. 4: chunks are placed middle of each of the X equally-sized parts of the DFTsOFDM symbols containing PTRS
In [8] we show evaluation results comparing the performance of these alternatives. From the results it is clear that configurations with a chunk in the Tail offer better performance without any processing delay (in configurations without a chunk in the Tail the performance could be improved by interpolation with the chunks of the following OFDM symbol). Middle/Tail and Head/Tail alternatives offer very similar performance, so we prefer to select the Head/Tail placement because it can offer a more harmonized design between the case X=2 and the cases when X>2.

[bookmark: _Toc494732306]NR should adopt a Head/Tail placement for PTRS when X=2.
Chunk placement when X=4
As we previously discussed, it is very important to place a chunk in the Tail of the samples in DFT domain in order to obtain a good performance without any processing delay. Therefore for the case of X=4 we propose a chunk placement based on the following principles:
· The samples in the DFT domain are divided in X intervals (where the number of intervals is equal to the number of chunks)
· For the first interval the chunk is placed in the Head.
· For the last interval the chunk is placed in the Tail.
· For the other intervals the chunk is placed in the middle of the interval.
In Figure 5 we show and example of the previously described placement for the case with X=4 number of chunks and K=4 PTRS samples per chunk. The proposed placement not only offers the performance gains of placing a chunk in the Tail but also offers a common method for chunk placement for X=2 and X=4.
[bookmark: _Toc494732307]For X=4 chunks, 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.
[image: ]
[bookmark: _Ref494468833]Figure 5. Example of proposed chunk placement for X=4 and K=4.
Design in time domain
One of the main advantages of pre-DFT PTRS scheme is that it allows to perform full phase noise estimation, which means that both Common Phase Error (CPE) and Inter-Carrier Interference (ICI) can be corrected. Different receiver implementation could have different kinds of estimation, i.e., just CPE estimation or full phase noise estimation. Therefore, to obtain a simple design for PTRS, it must be compatible with both kinds of receiver implementations. PTRS time densities smaller than 1 are not compatible with full phase noise compensation. Therefore, it is preferred a time density of always 1.
[bookmark: _Toc485400386][bookmark: _Toc489947438][bookmark: _Toc492908402][bookmark: _Toc494732308]When PTRS is configured for DFT-S-OFDM, it is always present in all the OFDM symbols in which data is also scheduled, i.e. only time density 1 is supported.
Conclusions
We make the following additional proposals: 
Proposal 1	The default PTRS time density, used unless the UE is RRC configured other values,  every 4th symbol for QPSK and 16 QAM and every 2nd symbol for 64 QAM is used. TBD for 256QAM.
Proposal 2	The default PTRS frequency density, used unless the UE is RRC configured other values, every n:th scheduled RB carries PTRS, where n={1,2,4} for <8 RBs, between 8 and 31 RBs and more than 31 RBs respectively.
Proposal 3	Do not include the PTRS OFF entry in the default time/freq. density tables for PTRS.
Proposal 4	Higher layers indicate the possible presence of PTRS for both DL and UL independently.
Proposal 5	Support UCI signaling to assist gNB in determining a preferred transmission precoding vector for PTRS, based on CSI-RS measurements.
Proposal 6	Information about the preferred transmission port is jointly encoded with the Rank Indicator.
Proposal 7	For PTRS port mapping in the case of 2 CW, the PT-RS port associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS is selected. If MCS of the 2 CWs is the same, CW 0 is selected (Alt.1)
Proposal 8	For the 2 CW case, the preferred transmission precoding vector for PTRS included in UCI must be selected from the set of ports associated with the CW with highest CQI.
Proposal 9	Adopt Alt.4 for PTRS subcarrier selection, where PTRS is mapped to local subcarrier index k’{0,1} within the FD-CDM group in the RB with lowest subcarrier index k, and when FD-OCC=[1 1] then k’=0 and when FD-OCC=[1 -1],  k’=1.
Proposal 10	On a given subcarrier, the PTRS symbol sequence should be formed by repeating the value of the first front loaded DMRS symbol on that subcarrier.
Proposal 11	PTRS RB offset is fixed to 0.
Proposal 12	Support power boosting of NZP-PTRS for SU-MIMO without any additional power offset signalling.
Proposal 13	Orthogonal PTRS and ZP-PTRS for MU-MIMO are not supported.
Proposal 14	Adopt association between K and the scheduled BW.
Proposal 15	Adopt association between X and K and the scheduled BW.
Proposal 16	Adopt Table 4 as default association table for X and K.
Proposal 17	The thresholds in the default table can be overridden by RRC signalling.
Proposal 18	NR should adopt a Head/Tail placement for PTRS when X=2.
Proposal 19	For X=4 chunks, 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.
Proposal 20	When PTRS is configured for DFT-S-OFDM, it is always present in all the OFDM symbols in which data is also scheduled, i.e. only time density 1 is supported.
[bookmark: _GoBack]
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