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Introduction
Here follows a summary 3 of PT-RS open issues. 
Issues with RRC impact
MCS thresholds
Agreement:
Value range for MCS thresholds (for time density) are 0-28 for MCS table 1 and 0-27 for MCS table 2
However, this implies that if e.g. the last row in the table below is disabled, then the behaviour for the largest value in the value range is undefined due to the strict inequality in the upper bound for each row.
Revise the agreement to: Value range for MCS thresholds (for time density) are 0-29 for MCS table 1 and 0-28 for MCS table 2

Table 5.1.6.3-1: Time density of PT-RS as a function of scheduled MCS
	[bookmark: _Hlk497926106]Scheduled MCS
	
Time density ()

	IMCS < ptrs-MCS1 
	PT-RS is not present

	
ptrs-MCS1  IMCS < ptrs-MCS2
	4

	
ptrs-MCS2  IMCS < ptrs-MCS3
	2

	
ptrs-MCS3  IMCS < ptrs-MCS4
	1



In addition, there is an undefined behaviour if ptrs-MCS4 is not the highest possible MCS. Hence,
For PTRS for CP-OFDM in both DL and UL, ptrs-MCS4 equals 29 for MCS table 1 and 28 for MCS table 2. Remove ptrs-MCS4 in related RRC parameters 

PT-RS sample density for DFT-s-OFDM
For DFT-s-OFDM, the condition when all three parameters (UL-PTRS-present-transform-precoding, UL-PTRS-time-density-transform-precoding and UL-PTRS-pre-DFT-density) are configured by RRC is specified in 214, while the same paragraph lacks information on the behavior when PTRS is enabled by configuration (UL-PTRS-present-transform-precoding) but no detailed density tables are configured. It is proposed that this is not an allowed configuration, hence
For DFT-s-OFDM, if PT-RS is enabled by UL-PTRS-present-transform-precoding, then the UE also expect configuration of the parameters (UL-PTRS-pre-DFT-density). Hence, there is no default sample density table for DFT-s-OFDM as there is in the CP-OFDM case.
[bookmark: _In-sequence_SDU_delivery]Issues with 211
Pseudo code for PTRS mapping to symbols issue
Several contributions address various issues with the pseudo code that determines the OFDM symbols in the slot that contains PT-RS,  SS(438), Lenovo (394), Spreadtrum (273), ZTE, Sanechips (115) and there are also contributions discussing the collisions with PBCH/SSB (E (707), Huawei(087)) and SRS,PUCCH (Huawei(087))
Discuss offline to reach consensus and a way forward on all issues related to pseudo code section and time domain PT-RS mapping. 
Way Forward available in R1-1801098 for CP-OFDM UL and DL

[bookmark: _GoBack]Reserved resource issue
Reserved resources are not defined in uplink.
Remove the sentence “Resource elements declared as 'reserved' according to clause 4.4.3 shall be counted in the mapping process but not used for transmission.” in Section 6.4.1.2.2.1

Collision with SS/PBCH 
When PT-RS collides with SS/PBCH, the PT-RS should be punctured, following the same rule as for CSI-RS. 
Agree to the following text proposal for Section 7.4.1.2.2

If present, the UE shall assume the PDSCH PT-RS being mapped to resource elements  according to


[bookmark: _Hlk500883235]when all the following conditions are fulfilled

-	 is within the OFDM symbols allocated for the PDSCH transmission

-	resource element  is not used for DM-RS, CSI-RS, SS/PBCH or by a configured CORESET
DFT-s-OFDM specific issues
Consider WF in R1-1801106 (Mitsubishi)
Consider WF in R1-1800nnn  (Huawei)
Issues with 212 and 214
LI report issue
For layer indication in CSI, we have a working assumption:
· For reporting preferred layer for mapping PTRS using layer indicator (LI), support a LI field separate from other CSI, following the encoding rule of wideband PMI
Proposal in online session:
· Correct so that LI is encoded in the second CSI part, which follows the same coding rule for wideband PMI per the working assumption.
· LI payload depends on the reported RI
[bookmark: _Hlk504552851]WF available from Samsung

Issues related to UL PT-RS power boosting
For UL power boosting there are several contributions: LGE(369), Intel (317) and Panasonic (219).
Agree in either of two alternative solutions:
a. The Way Forward provided by LG in R1-1801141
b. The text proposal for section 6.2.3 in TS38.214 below:

>>>>>> start >>>>>>>>>

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

When the UE is scheduled with one PTRS port 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

 [dB]

Where  is shown in the Table 6.2.3-5 according to the higher layer parameter UL-PTRS-power.
· The UE shall assume UL-PTRS-power is set to state “00” in Table 6.2.3-5 if not configured.
· 
Table 6.2.3-5: Factor related to PUSCH to PTRS power ratio per layer per RE () 
	
UL-PTRS-power / 
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	00
	0
	3
	4.77
	6

	01
	reserved

	10
	reserved

	11
	reserved



>>>>>> end >>>>>>>>>

PTRS time density for UCI only PUSCH
It is observed in Intel (317) that when PUSCH carries UCI only, the PTRS density can be undefined as MCS could be the reserved MCS. The proposal in (317) can be rephrased as (considering that this only applies for CP-OFDM). 
For UCI on PUSCH without UL-SCH, the PT-RS time domain density for CP-OFDM is every OFDM symbol
Note that this proposal does not affect the previously agreed mechanism for determining the time density for data retransmissions.
Comment from ZTE, Sanechips “The proposal seems unnecessary since we have agreed PTRS density can be based on the initial MCS if indicated MCS is the reserved MCS”
Comment from QC: We also think this proposal seems unnecessary, but we are open to discuss it further to see if indeed there is any problem in the spec.

PT-RS port assignment issues related to two CW scheduling
In CATT (246) it is observed if a DMRS port group has 2 CW, then it is not captured in 214 which DMRS port is associated with the PTRS port. It is proposed
Proposal is “Capture in 214 that if one DMRS port group includes the DMRS ports assigned for two codewords, PT-RS antenna port should be associated with the lowest indexed DMRS port assigned for the codeword with the higher MCS within the DMRS port group.”
Comment from ZTE, Sanechips “…maybe the case in above proposal does not exist”

In LGE (369) a related issue is observed, that two CWs can share the same PT-RS port, it is unclear which MCS is referred for PT-RS port in this case. 
The proposal is highlighted in red below
If a UE is configured with the higher layer parameter Downlink-PTRS-Config, set to ‘ON’, if the additional higher layer parameters timeDensity and frequencyDensity are both configured, the UE shall assume the PT-RS antenna ports’ presence and pattern are a function of the scheduled MCS of the corresponding CW and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2.
Comment from Huawei “DMRS port does not have a MCS associated with it. We may need to mention the corresponding CW.”
Number of PT-RS ports indicated by DCI
In LGE (369), it is observed that if the TCI presence is disabled in DCI, then it is not possible to indicate the number of PTRS ports. However, in this case, 214 specifies that UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. Hence, the proposal is
If the TCI-PresentinDCI is set as “Disabled”, the scheduled number of PT-RS ports for a UE PDSCH transmission is indicated by the TCI state applied for the CORESET used for the PDCCH transmission that schedules the PDSCH. If the offset is less than a threshold, the scheduled number of PT-RS ports for a UE PDSCH transmission is indicated by the TCI state applied for the CORESET with the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.

Moreover, how many bits there are in the DCI to indicate PT-RS for DMRS port association for UL needs more discussion, current agreement says “up to 2 bits”. This was discussed in Spreadtrum (273) and vivo (191). A first step is to agree on this proposal:
[bookmark: _Ref504133339]The DCI payload for indicating PT-RS to DMRS port association for UL in CP-OFDM is 0,1 or 2 bits, taking into account the number of SRS ports, maximum ranks supported, and number of PT-RS ports.
A second step would be to define the conditions of 0,1 and 2 bits in DCI and the interpretation of these bits. It is suggested that this is performed by offline discussions to come up with a harmonized proposal.
Issues that needs more discussion 
Value ranges for PT-RS density tables of scheduled BW
Agreement:
Value range for Scheduled BW thresholds (for frequency density for CP-OFDM and sample density for DFTS-OFDM) is between minimum value of 1 and maximum value of 276
FFS: Compression method for reducing the RRC overhead
[Offline discussions and WF needed on compression method]
Possible solutions for compression of the Q RRC signalled thresholds Tq , q=1,..,Q
· Alt.1 Uniform sampling grid Tq →{ 1:n:276}, n needs to be defined, e.g. related to RBG 
· Alt.2 Non-uniform sampling grid, i.e. Tq →{ 2^n, n=0..9}
· Preferred by Huawei, HiSi
· Alt.3 Non-uniform sampling grid, i.e.,  Tq →{ n^2 where n=1..17}
· Alt.4 Lossless compression, using combinatorial index (i.e. as in LTE EPDCCH set configuration method) to jointly encode  Tq →{1:276}  
· Preferred by Ericsson
· Other methods not precluded
RB offset formula
Correct the formula for RB offset for the downlink


Note: Not clear if spec change is needed as 38.211 states:


For the purpose of PT-RS mapping, the resource blocks allocated for PUSCH transmission are numbered from 0 to  from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of resource blocks are numbered in increasing order starting from the lowest frequency from 0 to . The subcarriers to which the PT-RS shall be mapped are given by
Collision with CORESET
Puncturing of PTRS around the CORESET may not work when the UE rate matches PDSCH around only the grant (In the scheduling session, they have agreed that rate matching can be either on CORESET level, or on grant level). If we only puncture PTRS around the CORESET, which is a superset of the grant, then there will be PRBs that do not have PTRS even though they are needed.
Discuss further whether/how to resolve this issue and if needed, the corresponding TP.
Issues related to DL PT-RS power boosting
There are several contributions discussing DL PT-RS power boosting, there are proposals to replace one or both reserved states in the DL power boosting table with new boosting behaviours. 
· Intel (317) suggest to utilize the reserved states in the PT-RS boosting table with entries that puts a cap on the allowed power boosting for DL to 3 and 6 dB respectively
· CATT (246) discuss that to cover all gNB implementations, the power boosting expression -10*log10(NPT-RS)[dB] also needs to be supported. It is also proposed that epre-RATIO is configured per port.
Based on these conflicting proposals, it is useful to discuss more and get other companies view. 

PTRS ports for non-codebook based UL
In case of non-codebook based UL, it is observed by vivo (191) and ZTE, Sanechips (115) that if more than one SRI’s are indicated in DCI, further indication is needed to map a PTRS port to a unique DMRS port/layer, since each SRS resource is associated with a PTRS port. 
To resolve this there are three proposals 
Decide one of these three methods for non-codebook based UL transmission
· Alt.1 one PTRS port is associated with the SRS resource or DMRS port which corresponds to the lowest index SRI among DCI indicated SRIs with the same PTRS port index.
· Alt.2 map a PTRS port to the DMRS port with the lowest port index.
· Alt.3 map PT-RS port to DMRS port having the lowest port index among DMRS ports having the same PT-RS port index 
· Note: Although PT-RS port index is configured per SRS resource, the DMRS ports having the same PT-RS port index can be identified through the mapping between indicated SRI(s) in the UL grant and the scheduled DMRS port(s))

Other issues
Here follows a list of other issues.. 
· In Intel (317), it is proposed to adjust the number of PTRS ports per subband. 
· In Intel (317), it is proposed that for DFT-s-OFDM, the presence should depend on MCS. 
· Samsung (438), it is proposed that two PTRS can be configured also in the case for full coherent uplink. 
· Samsung (438) propose to reduce overhead in RRC signalling and UE reporting related to PTRS configuration for SCS. 
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:
· For 211:
· Nokia (757)
· Mitsubishi (555, Section 2.1)
· OPPO (500) 
· Lenovo (394)
· ZTE, Sanechips (115)
· For 214:
· Nokia (757) 
· Ericsson (707)
· CATT (246)
· NEC (224, Appendix A-2)
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