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Introduction
Here follows a summary of PT-RS issues. They are categorized as
· Issues with RRC impact, needs to need to be discussed early in the week
· Issues of 211,212 and 214. I tried to sort the issues in order of “agreeability”
· Some highlighted issues need face to face discussions, and way forward during the week
· Other issues
· Editorial comments for spec editors
Note that in some contributions there are corrections that probably don’t need discussion or agreements, the editors can directly implement them. In that case, I have listed the contributions containing such corrections in Section 6.
[bookmark: _GoBack]Proposals for which there has not been any objections are marked in purple. 
Issues with RRC impact
Value ranges for PT-RS density tables
In the draft RRC specifications, the value ranges for the density tables are missing. The following is proposed by the feature lead:
Value range for MCS thresholds (for time density) are 0-31
Value range for Scheduled BW thresholds (for frequency density for CP-OFDM and sample density for DFTS-OFDM) are 1-275
Comment from Huawei: We are thinking the overhead for RRC configuration may be excessive and some overhead reduction may be considered.
Comment from Qualcomm: Indeed, could we discuss if these ranges can be with some granularity? 

Disabling rows in PT-RS density tables 
For CP-OFDM, the RRC parameters 'DL-PTRS-frequency-density-table' and 'UL-PTRS-frequency-density-table' contains the frequency density and RAN2 needs the number of parameters for this table, see Ericsson (707)
Add NRB2  to the last row of the frequency density tables for UL and DL for CP-OFDM so that the last row also can be disabled using the already captured principles of NRB(i) = NRB(i +1),

Table 5.1.6.3-2: Frequency density of PT-RS as a function of scheduled bandwidth
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB <  NRB1
	2

	

 NRB1   NRB NRB2
	4



Table 6.2.3-2: Frequency density of PT-RS as a function of scheduled bandwidth
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB <  NRB1
	2

	

 NRB1   NRB NRB2
	4



For DFT-S-OFDM, the RRC parameter 'UL-PTRS-pre-DFT-density' and RAN2 needs the number of parameters for this table.

Add NRB5  to the last row of the frequency density tables DFT-S-OFDM so that the last row also can be disabled 

[bookmark: _Hlk503435723]Table 6.2.3-3: PT-RS pattern as a function of scheduled bandwidth
	Scheduled bandwidth
	Number of PT-RS groups
	Number of samples 
per PT-RS group

	
NRB0 NRB < NRB1
	2
	2

	
NRB1  NRB < NRB2
	2
	4

	
NRB2  NRB < NRB3
	4
	2

	
NRB3  NRB < NRB4
	4
	4

	
NRB4  NRB < NRB5
	8
	4



EPRE per port
In CATT (267) it is discussed that in the case of two PT-RS ports for multi-TRP, each PT-RS port may be assigned to a TRP with different transmission architecture. Therefore, the power boosting value may be different for different PT-RS ports. It is proposed to configure the RRC parameter epre-RATIO for each PT-RS port individually.
The RRC parameter epre-RATIO is assigned per PT-RS port.

PT-RS prior to RRC
It is a working assumption that PT-RS is not transmitted unless explicitly configured by RRC. In Interdigital (630), DCM(667), IDC(630), Panasonic (219) it is suggested that the working assumption is confirmed. In Samsung (438) it is suggested that PTRS is by default present, also before RRC and in Intel (317) it is also suggested that PTRS is by default present, while only for FR2. Also Qualcomm, support that PTRS is be default present.
No evidence has been presented that prohibit the working assumption to be confirmed. 
Working assumption is confirmed, PTRS is not transmitted unless explicitly configured by RRC
Note that this issue may not have RAN2 impact. If contentious, it can be discussed more during the week.
[bookmark: _In-sequence_SDU_delivery]Issues with 211
RB offset formula
As reported by several companies 
Correct the formula for RB offset determination to


Middle of the interval issue 1
As reported by several companies
Revise the first row of Table 6.4.1.2.2.2-1 in TS 38.211 as follows
	
Number of 
PT-RS groups

	
Number of samples per PT-RS group

	

Index  of PT-RS samples in OFDM symbol  prior to transform precoding

	2
	2
	

 where 





Middle of the interval issue 2
As reported by Mitsubishi (555), the chunks are not placed exactly in the middle and this can be corrected by moving the s parameter inside the floor function as follows:
Revise the row of Table 6.4.1.2.2.2-1 in TS 38.211 as follows
	4
	2
	

  


  where 



As reported by Samsung (438), there is an issue with chunk placement and this can be corrected by moving the s parameter outside the floor function. On the email reflector, Mitsubishi raised concern on the necessity of this correction.  
Discuss and decide whether to revise the last row of Table 6.4.1.2.2.2-1 in TS 38.211 as follows

	8
	4
	
 



where






Removal of βPUSCH 
In Mitsubishi (555), it is observed that βPUSCH will be applied twice with the current specification. 

Remove PTRS multiplication by factor in clause 6.4.1.2.2.2
Pi/2 BPSK related issues
Several contributions address pi/2 BPSK implementation in 211: Mitsubishi (555), Qualcomm (864), Vivo (191), Huawei(087) and Spreadtrum (273).
Discuss offline to reach consensus and a way forward on all issues related to pi/2 BPSK and the sequence for DFT-s-OFDM
[Offline discussions and WF needed]
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. 
[Offline discussions and WF needed]
OCC code selection
In Nokia (757), it is suggested to revert the working assumption and make OCC selection depending on the DMRS antenna port selection instead of the C-RNTI. 
The issue is whether there are concerns with the working assumption and whether it should be reverted.
If concerns are found with the working assumption, the following is proposed in (757) as an alternative:
Use DMRS port number instead of C-RNTI for PT-RS port mapping if transform precoding is applied for example as indicated below

			Table 6.4.1.2.1.2-1: The orthogonal sequence .
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	0
	

	


	1
	

	


	2
	-
	


	3
	-
	




If no strong concern or justification to change the WA can be demonstrated, it is proposed that
Working assumption on OCC code selection for DFT-s-OFDM is confirmed

Head-Tail potential issue
A potential issue with head and tail placement of PT-RS samples for DFT-s-OFDM is discussed by several companies: Qualcomm (864), Ericsson (707), Samsung (438), Mitsubishi (555) and Huawei (087). It seems there are different views on whether this is needed and if it is needed, what the solution would be. 
Discuss offline to reach consensus and a way forward on this potential issue
[Offline discussions and WF needed]

On the introduction of (K=1,X=16) for DFT-s-OFDM
A remaining FFS point from RAN1#90bis is the following:
· FFS: Whether to introduce (K=1, X=16) and the impacts on existing design. If supported, K={1,2,4} is supported and the following applies
The samples in DFT domain are divided in X intervals, and the chunks (K=1) are located in the middle of each interval
(K=1, X=16) applies when NRB4<NRB NRB5, and Yx4 applies for NRB  NRB5

Samsung propose to close this FFS point by the following proposal:
In the PT-RS symbol mapping for DFT-s-OFDM, K=1,X=16 is not supported in NR Release 15.
Issues with 212 and 214
Proposals 6 to 9 may be rather easily agreeable. 

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 its associated DMRS port 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.”

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
In Intel (317) it is observed that the LI should thus be reported in the second CSI part. In CATT (246), since LI is related to RI and it has been agreed that the RI payload depends on rank restriction, it is more reasonable to support that the LI payload also depends on rank restriction, which is beneficial to save the CSI payload

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 RI and is also adjusted according to rank restriction.
Comment from ZTE, Sanechips “Since maximum 2 bits L1 payload is enough, the gain of this proposal is marginal”.
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 for online decision
Decide one of these two 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))


Comment from ZTE, Sanechips “Alt.2 is ok for one PTRS port case. However, we should consider the case when two PTRS ports are configured” 
Comment from QC: “Some preference over Alt. 2.”
LGE support Alt.3

Default PT-RS thresholds
From last meeting, we have the following working assumption which handles the PTRS presence when PTRS is enabled while a full RRC table of thresholds has not been configured.
· X={10 for MCS table with up to 64QAM, 5 for MCS table with up to 256QAM, corresponding to switch point between QPSK and 16QAM}, Y=3, X_UL=0, Y_UL=1 (for UL CFO tracking)
Hence, for UL, the default is, unless a full table is configured by RRC, that PTRS is always present. For DL, the PTRS presence in the corresponding case depends on the MCS.
In Intel (317) and Samsung (438) it is suggested that PTRS is by default present for DL and UL for all MCS and scheduled BWs.  
No evidence has been presented that prohibit the working assumption to be confirmed. 
Working assumption is confirmed, that is X={10 for MCS table with up to 64QAM, 5 for MCS table with up to 256QAM, corresponding to switch point between QPSK and 16QAM}, Y=3, X_UL=0, Y_UL=1 (for UL CFO tracking)
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. Hence, default densities are lacking from DFT-s-OFDM case while are available for CP-OFDM cases. Hence, in Ericsson (707), the following is proposed:
Adopt NRB0=0, NRB1=8, NRB2=NRB3=32, and NRB4=108 as default values for the thresholds in the association Table 6.2.3-3 of TS 38.214 between scheduled BW and chunk-based configuration  
Comment from Huawei: “If we are going to define default association, we prefer to mute the patterns with chunk size = 4, due to the performance degradations from the tail chunk, as reported in our contribution.”
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 PUSCH transmission is indicated by the TCI state applied for the CORESET used for the PDCCH transmission that schedules the PUSCH.

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.
[Offline needed if Proposal 22 is agreed]

Issues related to DL PT-RS power boosting
There are several contributions discussing DL PT-RS power boosting.
· LGE (369) observes that the table (and thus table header) should indicate the “the number of PDSCH layers within the DMRS port group containing DMRS port associated with the PT-RS port” to follow the agreements
The proposal is thus
In Table 4.1-2 of TS 38.214, change the header “The number of PDSCH layers within the DMRS group associated with the PT-RS” to “The number of PDSCH layers within the DMRS port group containing DMRS port associated with the PT-RS port”.
Then, there are also 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. 
[Offline discussions and if needed, a WF ]

Issues related to UL PT-RS power boosting
For UL power boosting there are several contributions: LGE(369), Intel (317) and Panasonic (219).
Based on these proposals, it is useful to discuss more during the week and also get other companies view. 
Comment from Huawei: There is missing spec text for 213 and 214 related to UL power boosting.
[Offline discussions and a WF is needed]

PT-RS and OCC
In Samsung (438) it is proposed to ensure that PTRS and TD-OCC cannot be configured simultaneously below 6 GHz.
The proposal is to change the agreement: UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot in case of above 6 GHz.
The proposal to make a change is not supported by ZTE, Sanechips (“The previous agreements should be respected”) .
Comment from Qualcomm: The previous agreement should be respected. If the intention is to extend this for below 6 GHz, then we are fine with it 
Comment from Samsung “we are fine to keep the sentence but we propose to remove ‘in case of above 6 GHz’ since it should apply to both below and above 6 GHz” . This comment is also supported by Mitsubishi.

[Offline discussions is needed to reach consensus for a change in the agreement]
Other issues
Here follows a list of other issues. I have listed them here since the issues or benefits are not properly described in the contributions. It is up to the proponent to discuss these offline and to see if there is interests so that consensus can be reached for adopting these proposals. 
· In Intel (317), it is proposed to adjust the number of PTRS ports per subband. Applicability is unclear.
· In Intel (317), it is proposed that for DFT-s-OFDM, the presence should depend on MCS. Benefits are unclear.
· Samsung (438), it is proposed that two PTRS can be configured also in the case for full coherent uplink. Benefits unclear.
· Samsung (438) propose to reduce overhead in RRC signalling and DCI related to PTRS configuration for SCS. No concrete proposal is given.
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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