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Introduction
Here follows a summary of PT-RS open issues. 
· Proposals and summaries from the feature lead (FL) are highlighted in this color
· Proposals for agreement are highlighted in this color.
[bookmark: _In-sequence_SDU_delivery]Open issues – essential to resolve for Rel.15 completion
[bookmark: _Hlk500883235]PT-RS procedures in 38.214 
The views are summarized as
· Working assumption: 
· Confirm: Nokia (5110), CMCC(4096)
· PTRS is not present when scheduled from DCI format 1_0, DCI format 0_0 and RAR
· Nokia (5110)
· Configured PTRS densities is not used when scheduled from DCI format 1_0, 0_0, instead default is used 
· Ericsson (4984)
Summary: Other companies view on whether to restrict PTRS to be present or the use of the configured PTRS table to scheduling from DCI formats 1_0 and 1_1 is encouraged. A TP for the whole paragraph in 214 may be needed.
	Companies
	Views

	Intel
	Do not support PT-RS is not present in DCI format 0_0 and 1_0. High order transmission is also possible for those DCI formats. To disable PT-RS in DCI format 0_0 and 1_0 looks to be an optimization not essential issue, suggest discussing it at next release.

	ZTE, Sanechips
	PTRS is not present when scheduled from DCI format 1_0, DCI format 0_0 and RAR

	Huawei, HiSilicon
	Agree with Intel.

	Samsung
	Agree with Intel

	vivo
	Agree with Intel

	MTK
	PTRS is not present when scheduled from DCI format 1_0, DCI format 0_0 and RAR, same view as Nokia and ZTE

	LGE
	We also agree with Intel. 

	Mitsubishi
	Agree with Intel. Moreover, DCI format configuration has not been finalized yet in the control session, so we may disable PTRS in a much larger (and unnecessary) number of cases besides RRC reconfiguration. We can discuss RAR separately.

	Qualcomm	
	Similar view as Intel.

	CATT
	Similar view as Intel.



Discussion summary: No consensus. No change to specification.  

UL PT-RS power boosting for non-codebook UL
The views are summarized as
· A definition of  full/partial and non-coherent regarding to UL codebook transmission is missing
· Nokia (5110), Ericsson (4984), Panasonic (4273)
· A TP capturing the definition is provided in Ericsson (4971)
· An alternative definition is provided in Panasonic (4273)
· Coherent type should be recognized by higher layer parameter ULCodebookSubset = {‘fullAndPartialAndNonCoherent’, ‘PartialAndNonCoherent’, ‘Non-Coherent’}. In the draft specification, coherent type in the table is described as {“full coherent”, “partial coherent”, “partial and non-coherent”, “non-coherent”}. How they are corresponded to each other should be clarified.

Discuss which definition should be used for PT-RS power boosting purpose. 
For non-codebook PC:
· Re-use the same table as for codebook PC and the columns for non-coherent
· Nokia (5110), Ericsson (4984), Intel (4721), Mediatek (4076), vivo (3824)
· Note; Mediatek (4076) also propose to add a row corresponding to the columns representative of fully coherent as well 
· Note: Nokia (5110) propose to add the “all zero” row as well
· Re-use the same table as for codebook PC and the columns for coherent
· Huawei/HiSilicon (3706), CATT (3478)
· Re-use the current table as for DL PT-RS power boosting (0-3-4..7-6 dB and 0-0-0-0 dB)
· LGE (4547), ZTE/Sanechips (3912)
· Note: ZTE/Sanechips (3912) propose to add the “all zero” row as well
· Leave to implementation
· CATT (3748)
· UCI feedback
· CATT (3748)
Additionally, Samsung (4367) has this alternative  proposal: 
For codebook based UL  transmission, PT-RS power boosting should depend on UE capability report on codebook coherency subset type. If full coherent or non-coherent is reported, same power boosting table as codebook based power boosting can be used. If partial coherent is report, same power boosting table as DL can be used with layers up to 4.

FL Proposal: For non-codebook based UL, re-use the same table for PT-RS boosting as for codebook based UL and re-use the columns for non-coherent UE
	Companies
	Views

	Intel
	Support this proposal

	ZTE, Sanechips
	Fine with this proposal 

	Huawei, HiSilicon
	Generally ok. Perhaps can try the TP in 4984.

	Samsung
	Support re-use the current table as for DL

	Spreadtrum
	Support the proposal

	MTK
	Okay with feature lead’s suggestion

	LGE
	We are OK with this proposal.

	Ericsson
	Support


	Panasonic
	Support this proposal. (Aside from this, for codebook based UL, the definition of coherent type should be clarified as comment above.)

	Qualcomm
	We do not support this proposal. We think that this can be left up to UE implementation. Depending on the UE type, and what it choses in each PUSCH scheduling to do, the exact precoder used by the UE is not clear, which results in multiple power boosting possibilities. PT-RS is supposed to be for phase tracking, where only the phase variation is required during phase noise estimation, so missing the accurate power information seems will no break the system. We believe it should be left up to UE implementation.



Discussion summary: : 8 companies support the FL proposal, 2 companies against

Proposal and text proposal: For non-codebook based UL, re-use the same table for PT-RS boosting as for codebook based UL and re-use the columns for non-coherent UE
<<<< begin text proposal <<<
6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
 [---unchanged and omitted text---]

For PT-RS, the transmit power of PT-RS is derived from , which is the power ratio between power of PUSCH and power of PT-RS per port.

For codebook based uplink transmission, when the UE is scheduled with Qp={1,2} PT-RS port(s) in uplink and the number of scheduled layers is ,





-	If the UE is configured with higher layer parameter UL-PTRS-power, the PUSCH to PT-RS power ratio per layer per RE  is given by , where  is shown in the Table 6.2.3.1-3 according to the higher layer parameter UL-PTRS-power, the PT-RS scaling factor  specified in subclause 7.4.1.2.2 of [4, TS 38.211] is given by   and  also on the higher layer configured parameter ULCodebookSubset according to according to [7, TS 38.212].
-	The UE shall assume UL-PTRS-power is set to state “00” in Table 6.2.3.1-3 if not configured.

Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases Any
ULCodebookSubset and non-codebook based UL
	Full coherent 
‘fullAndPartialAndNonCoherent’ 
	Partial, non- coherent 
‘partialAndNonCoherent’ and ‘Non-Coherent’ and non-codebook based UL
	Full coherent
‘fullAndPartialAndNonCoherent’
	Partial non- coherent 
‘partialAndNonCoherent’ and ‘Non-Coherent’ and non-codebook based UL
	Full coherent
‘fullAndPartialAndNonCoherent’
	Partial coherent
‘partialAndNonCoherent
	Non-coherent 
'Non-Coherent' and non-codebook based UL

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved





UCI only PUSCH
A related agreement as made last meeting:
Agreements (RAN1 #92):
For UCI-only multiplexed on PUSCH without UL-SCH
· Modulation order and code rate are signalled in DCI.
· Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  
· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.
· FFS: how modulation and code rate are signalled.

Hence, whether reserved states will be used to trigger UCI only PUSCH, or if another method is used, has not been agreed.
The views on the issue “When reserved MCS to indicate PUSCH without UL-SCH” are summarized as
· The UE shall use the most robust PT-RS density of the corresponding modulation order indicated by the reserved MCS state to select the time density LPT-RS
· Nokia (5110), Ericsson (4984), CATT (3478), Huawei/HiSilicon (3706)
· The UE shall use the closest MCS in the corresponding PUSCH MCS with its code rate higher than the calculated code rate
· Qualcomm (4793), vivo (3824) [transform a reserved MCS into a valid MCS based on effective spectral efficiency]
· Follow MCS as signalled in DCI
· DCM (5046), IDC (4847), LGE (4547), Samsung (4367), Panasonic (4273), CMCC (4096)
· Use a fixed time density
· Intel (4721), LPT-RS=1
· ZTE/Sanechips (3912) , LPT-RS=2
A first step towards issue resolution can be to see if we can agree on this principle: 
FL Proposal: Support variable time density LPT-RS for UCI-only PUSCH where information (e.g. MCS) in DCI is used to determine LPT-RS
In addition, DCM (5046) propose:
· If UE is not configured higher layer parameter PTRS-UplinkConfig, UE shall not transmit PTRS for UCI on PUSCH with or without UL-SCH. 
· If UE is configured higher layer parameter PTRS-UplinkConfig, UE shall transmit PTRS for UCI on PUSCH with or without UL-SCH.

FL Proposal: Other companies view on this DCM proposal is encouraged
	Companies
	Views

	Intel
	Support to fix the PT-RS density to be every or every other symbol symbol (every symbol is slightly preferred). We can also support to follow MCS indicated in DCI if it is supported in control session. Suggest waiting for control session decision whether MCS is indicated.

	ZTE, Sanechips
	Suggest waiting for control session decision

	Huawei, HiSilicon
	Judging from the number of supporting companies for different options, we think the proposal from feature lead is a reasonable step to move forward. 

	Samsung
	Support the first proposal.

	Spreadtrum
	Support the proposal provided by the feature lead, and support the one-step-further proposal
· The UE shall use the most robust PT-RS density of the corresponding modulation order indicated by the reserved MCS state to select the time density LPT-RS

	vivo
	Support the first proposal

	LGE
	We support the first proposal given by the feature lead. 

	Ericsson 
	Support first proposal

	Qualcomm	
	We also support the proposal for variable time density, so we support the first proposal

	Panasonic
	How gNB triggers UCI only PUSCH is not concluded yet in control session. We recommend to wait for the control session decision. If it is triggered by reserved MCS in DCI as LTE, we support the most robust PT-RS density of the corresponding modulation order for LPTRS selection. Otherwise if non-reserved MCS is indicated in DCI, we support to follow it.
Anyway, for both cases, we support variable LPTRS.

	CATT
	Support first proposal



Discussion summary: 9 companies support FL proposal, 1 company prefer fixed density, 1 or 2 companies want to postpone decision
Proposal: Support variable time density LPT-RS for UCI-only PUSCH where information (e.g. MCS) in DCI is used to determine LPT-RS. 

On the PT-RS symbol mapping rule
In Qualcomm (4793), it is pointed out that the current mapping rule may give some problematic cases, with a resulting time density lower than the intended, which may degrade performance. The proposed resolution is to add the following condition to whether a symbol contains PT-RS, i.e. if symbol  satisfies also the conditions below:
· it contains at least X=[NRB0] RBs of PDSCH that are not used for CSI-RS, SS/PBCH block, a detected PDCCH, or are not declared as ‘not available for PDSCH’ according to 5.1.4.1 in TR 38.214

FL Proposal: Other companies view is encouraged
	Companies
	Views

	Intel
	This is an optimization not an essential issue. It can be discussed in next release.

	Huawei, HiSilicon
	Agree with Intel

	Spreadtrum
	It can be avoided by gNB.

	vivo
	We sympathize QC’s proposal.

	MTK
	We tend to agree with Spreadtrum

	LGE
	We agree with Intel.

	CATT
	Not essential



Discussion outcome: No consensus for this proposal. No change to specifications.

DL power boosting
In IDC (4847) it is proposed that max power boosting is limited to 6 dB. In CATT (3748) it is suggested to send an LS to RAN2 about the 6 dB limit and whether it applies to PT-RS boosting In Intel (4721) it is proposed to introduce two new rows in the ratio table where a cap on the boosting ratio to 3 dB and 0 dB is introduced. Additionally, Intel suggest that the 0 dB boosting is the default.

Proposal: Revise the PT-RS-to-PDSCH EPRE Ratio table as follows 
Revised PT-RS-to-PDSCH EPRE Ratio
	PDSCH-to-PT-RS EPRE ratio
	
The number of DM-RS ports associated to PT-RS port I, ()

	
	1
	2
	3
	4
	5
	6

	00
	0
	0
	0
	0
	0
	0

	01
	0
	3
	3
	3
	3
	3

	10
	0
	3
	4.77
	6
	6
	6

	11
	0
	3
	4.77
	6
	7
	7.78



Proposal: Revise the PT-RS-to-PDSCH EPRE Ratio table as follows 
Revised PT-RS-to-PDSCH EPRE Ratio
	PDSCH-to-PT-RS EPRE ratio
	
The number of DM-RS ports associated to PT-RS port i, ()

	
	1
	2
	3
	4
	5
	6

	00
	0
	3
	4.77
	6
	7
	7.78

	01
	0
	3
	4.77
	6
	6
	6

	10
	0
	3
	3
	3
	3
	3

	11
	0
	0
	0
	0
	0
	0



	Companies
	Views

	Intel
	Support this proposal

	ZTE, Sanechips
	Fine with this proposal

	Huawei, HiSilicon
	Fine to add options, but disagree to change the default configuration. Revised the proposal accordingly. 

	Samsung
	Not essential, to be discussed in the next release.

	MTK
	Adding more rows is not necessary. If boosting 6dB is the limitation identified by RAN4(2?), then we can trim the value from the current table to max of 6dB boosting

	LGE
	This table does not include the PT-RS power boosting borrowed from muted REs when two PT-RS ports are configured. So, if supported, the ratio of PDSCH EPRE to PT-RS EPRE would be represented as

           

	Qualcomm
	Not essentially for us either. We are not fine to add additional configuration options unless it is clear that it enables a specific use-case in mind. We currently do not see this.

	CATT
	Support this proposal



Discussion Summary:  4 companies for support the proposals. 3 companies see this as not essential. No consensus for adding more rows. 
Capturing of PT-RS precoding in TS 38.211
In Spreadtrum (4216) it is pointed out that the description for UL precoding may cause misinterpretations. Companies are encouraged to verify and share their view on the text proposal in Section 2.1 of (4216). In Mediatek (4076), the same issue has been raised. 
FL Proposal: Unless concerns are raised, agree on the clarifying text proposal of Section 2.1 of R1-1804216
	Companies
	Views

	Intel
	This is not an essential issue. Suggest not discussing it. It can be up to editor.

	Spreadtrum
	Agree it is up to editor how to capture. Yet the problem of the current PT-RS is that precoding is not described for PT-RS of DFT-s-OFDM, which needs fixing.

	Qualcomm
	We also think this is not essential. The specification works, this look like editorial.

	CATT
	Agree



Discussion summary: The change is up to the editor, companies are encouraged to make the comments to the editor in the spec email review.
DCI bits for UL PT-RS ports indication in TS 38.212
In Spreadtrum (4216) it is pointed out that TS 38.212 does not fully cover the cases or well reflect the agreement. It is proposed to a revisit to the number of bits in the DCI to indicate the PTRS-DMRS association, and the interpretation thereof. Moreover, in Lenovo/Motorola Mobility (4199), CATT (3478), vivo (3824) and in ZTE/Sanechips (3912) the same topic is discussed, and solutions are proposed.
FL Proposal: Harmonize offline to reach a stable solution for the number of and interpretation of DCI bits for UL PT-RS ports indication in TS 38.212

In addition, in Spreadtrum (4216) it is proposed a clarification as follows:
FL Proposal: If 2 PT-RS ports are configured, UE does not expect to be configured with an SRS resource set used for non-codebook based UL, in which all SRS resources share a single PT-RS port.
	Companies
	Views

	Intel
	Support this proposal in principle. The reason is that in Rel-15 we do not have multiple SRS resource set for non-codebook based transmission, and the power control is set based. So there is no multiple panels for non-codebook based transmission. 
How about the following wording:
“For non-codebook based UL transmission, only 1 PT-RS port is supported in Release 15.”

	ZTE, Sanechips
	Actually, the solutions of CATT, vivo, Spreadtrum and ZTE are not controversial,we are fine to go for CATT/vivo/Spreadtrum’s TP.
Don’t understand Intel’s proposal. Set level power control is to fairly compare the channel conditions of different SRS resources within the set, please note that per SRI power control for PUSCH has been supported and one spatial parameter(one beam) can be configured for each SRS resource for the SRS resource set for non-codebook transmission.

	Huawei, HiSilicon
	Suggest to have more offline discussions on this. 

	Spreadtrum
	We can go offline to discuss if the bits should be different between 3+1 and 2+2 when L_max is 3.
Also fine with Rel-15 only focusing 1 PT-RS port.

	vivo
	More offline is needed



Proposal: Discuss the proposal in the related way forward(s)
Parameter in the sequence for initialization for TP enabled

In Mediatek (4076) is proposed to change “14” in the formula for sequence generation initialization for transform precoding to  
FL Proposal: Other companies views are appreciated
	Companies
	Views

	Intel
	Current spec is clear. Do not support this change.

	ZTE, Sanechips
	Support this TP because of ECP.

	Huawei, HiSilicon
	Support this change. 

	Spreadtrum
	Generally support this change. Should sequence generation for DL DMRS and CSI-RS also be changed accordingly?

	LGE
	Support this TP.§

	Ericsson
	Non essential enhancement. Do not support this change.



Discussion Summary: No consensus for a change in specifications. 

On interpretation of RNTI for grant free type 1 scheduling
In vivo (3824), it is observed that for RRC-configured scheduling without DCI, the value of the parameter RNTI in Section 6.4.1.2.2.1 and 7.4.1.2.2 of TS38.211, is still unclear. It is proposed that Section 6.4.1.2.2.1 and 7.4.1.2.2 are changed as

FL Text proposal:  is the C-RNTI, which can be C-RNTI/SPS-CSI-RNTI for DCI-based scheduling, and CS-RNTI for grant-free type 1 transmission.
	Companies
	Views

	Intel
	Similar wording is capture in 214. Do not support this TP. 

	Huawei, HiSilicon
	Agree with Intel

	vivo
	Don't understand Intel and HW’s comment. Without above clarification, the description is wrong. For type 1 grant free transmission, it is not triggered by DCI.



Summary: No consensus for a change of specificatons.

  Signaling of BW threshold for PT-RS frequency density
The views are summarized as
· For DFT-s-OFDM, use values on the grid defined as [image: ]
· Nokia (5110), Huawei, HiSilicon
· Use values on the 2^n grid
· Ericsson (4984) {1,2,4,8,16,32,64,128,256,276}, Huawei, HiSilicon
· Panasonic (4273)
· NEC (3623) {possibly remove 1,2}
· Use combinatorial number 
· Intel (4721) (based on RBG), Ericsson (4984), Mitsubishi (4469)
· Signal differential values between the thresholds, and restrict the BW for the thresholds with lower order
· Mediatek (4076)
· Signaling of BW thresholds do not need to be compressed
· ZTE/Sanechips (3912), CATT
FL Proposal: A WF is needed with a single view and detailed proposal on how to resolve this. 
Proposal: Open an associated WF, if any is provided. Otherwise, no change to specifications.
On m and m’ issue for DFT-s-OFDM
Huawei and Mitsubishi brought forward the following view offline: In email discussion after RAN1#92, the phase shifting of PTRS for DFT-s-OFDM has been mistakenly updated, i.e., the variable m in the exponential operator in subclause 6.4.1.2.1.2 has been changed as m’. It appears the proponent of this change assumed this as a typo and the editor accepted this change without further checking. 
Proposal : Agree on the following text proposal TS 38.211 v15.0.0 Section 6.4.1.2.1.2 to implement the previous agreement by changing m’ in the exponential to m:
< Unchanged parts are omitted >






 If transform precoding is enabled, the phase-tracking reference signal  to be mapped in position  before transform precoding, where  depends on the number of PT-RS groups , the number of samples per PT-RS group , and   according to Table 6.4.1.2.2.2-1, shall be generated according to




< Unchanged parts are omitted >

Issues related to multiple TRP/panel/beam transmission at gNB
DL power boosting for 2 PTRS ports
Open issues are related to two DMRS groups and thus 2 PTRS ports for DL. Not in the scope of the December drop that was defined at RAN#77.
Indication of the number of DL PT-RS ports
Open issues are related to two DMRS groups and thus 2 PTRS ports for DL. Not in the scope of the December drop that was defined at RAN#77.

Editorial text proposals
Many contributions contains editorial corrections, typos etc, that are useful for the editor and that don’t need online discussion. It is recommended that the editors become aware of the editorial nature text proposals in these contributions for the next update of the specifications, alternatively, the feature lead will compile these into TPs for endorsement during the meeting week:
· For 211:
· Mitsubishi (4469, Section 2.1)
· Mitsubishi (4469, Section 2.3)
· Lenovo, Motorola (4199, Section 2.2)
· ZTE/Sanechips (3912, Section 2.6)
· Huawei/HiSilicon (3706, Section 2.1.1)
· Huawei/HiSilicon (3706, Section 2.1.2)

· For 212:
· Ericsson (4984, Section 9)

· For 214:
· Ericsson (4984, Section 3)
· vivo (3824, Section 2.4)
· Huawei/HiSilicon (3706, Section 2.2.1)
· Huawei/HiSilicon (3706, Section 2.2.2)
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