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Issues with RRC impact
Value ranges for PT-RS density tables of scheduled BW
From previous meeting we have this agreement and open issue listed in the summary document [1]. 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}
· 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}  
· Other methods not precluded

The general principle of the RRC signalling of thresholds is to support full flexibility of the parameters scheduling with reasonably low overhead. Considering a bitmap encoding for all possible combinations of thresholds, the required number of bits for each threshold for a given subcarrier spacing is . Let Q be the number of thresholds to be scheduled. The total number of bits for a bitmap approach is . 
However, there exist further limitations of the scheduled thresholds such that the choice of each threshold is not mutually independent. Let be the chosen thresholds to be signalled. We must have the relation , hence the thresholds belong to a sorted list. There is a known solution for this in LTE as it is used in the Best-M aperiodic CSI feedback method where the UE selects M out of all subbands (PUSCH Mode 2-0 and 2-2). Also, for EPDCCH PRB set selection in LTE, the compression method is used to select M our of N PRBs.  
Therefore, the same lossless compression code for the thresholds signalling is proposed for PTRS thresholds. The algorithm is summarized as follows: 
Lossless compression algorithm:
· Define the set which contains the  allowed values for the thresholds (in increasing order). 
· Denote the Q thresholds to encode as  where , and .
· For each combination of thresholds we can generate a unique index r as follows:

where  and  is the binomial coefficient.
· Finally, the unique index r is encoded using  bits.
For the PTRS thresholds scheduling, in order to enable full flexibility to support every threshold number [1:276],  According to the spec TS38.214, in the case of UE PTRS reception and UE transmission with transform precoding OFF, there are two thresholds that may be signalled in the high layer message frequencyDensity, namely, NRB0 and NRB1. Henceforth, In the UE transmission procedure, when the transform precoding is enabled, the high layer message frequencyDensity contains thresholds NRB0, NRB1, NRB2, NRB3, and NRB4. Therefore, in this case . 
Considering the signalling for a single numerology, in the table below we compare the overhead difference of the bitmap and the proposed lossless compression in both cases. 
	
	Bit map
	Encoding in Algorithm 1

	
	18 bits
	16 bits (11% overhead reduction)

	
	45 bits
	34 bits (24% overhead reduction)


[bookmark: _Ref498094053]Table 1. Overhead comparison for bitmap and lossless compression for a single numerology.
For RRC contained PTRS thresholds signaling, Alt-4 should be considered for achieving both full flexibility in threshold determination and lowest possible overhead. 
The corresponding text proposals are
>>>>>>>>>>>> Start text proposal section 5.1.6.3  >>>>>>>>>>>>
The higher-layer parameter timeDensity can be configured with the values in 0-29 for MCS Table 5.1.3.1-1 and 0-28 for MCS Table 5.1.3.1-2, respectively. ptrs-MCS4 is not configured but always assumed 29 for MCS Table 5.1.3.1-1 and 28 for MCS Table 5.1.3.1-2, respectively. The higher-layer parameter frequencyDensity consists of combinatorial index r containing the parameters NRB0 and NRB1 which can be configured with the values in the range 1-276. The combinatorial index r is defined as 
· 
· where the NRBi, i=0,1 are the sorted thresholds NRBi+1≥NRBi and
 where  and  is the binomial coefficient

>>>>>>>>>>>> End text proposal section 5.1.6.3  >>>>>>>>>>>>

>>>>>>>>>>>> Start text proposal section 6.2.3.1  >>>>>>>>>>>>

The higher-layer parameter timeDensity can be configured with the values in 0-29 for MCS Table 5.1.3.1-1 6.2.3-1 and 0-28 for MCS Table 5.1.3.1-26.2.3-2, respectively. ptrs-MCS4 is not configured but always assumed 29 for MCS Table 5.1.3.1-1 6.1.4.1-1 and 28 for MCS Table 5.1.3.1-2 6.1.4.1-2, respectively. The higher-layer parameter frequencyDensity consists of combinatorial index r containing the parameters NRB0 and NRB1 which can be configured with the values in the range 1-276. The combinatorial index r is defined as 

· 
· where the NRBi, i=0,1 are the sorted thresholds NRBi+1≥NRBi and
 where  and  is the binomial coefficient

>>>>>>>>>>>> End text proposal section 6.2.3.1  >>>>>>>>>>>>

>>>>>>>>>>>> Start text proposal section 6.2.3.2  >>>>>>>>>>>>

When transform precoding is enabled and if a UE is configured with the higher layer parameter UL-PTRS-present-transform-precoding,
-	the UE shall be configured with the higher layer parameters sampleDensity consisting of combinatorial index r containing the parameters NRBi ,i=0,1,2,3,4, which can be configured with the values in the range 1-276. and The UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3-3. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than or equal to NRB0 if NRB0 > 0.
-  	The combinatorial index r is defined as 
· 
· where the NRBi, i=0,..,  4 are the sorted thresholds NRBi+1≥NRBi and
 where  and  is the binomial coefficient

-	and the UE shall be configured PT-RS time density LPTRS ={1,2} with the higher-layer parameter timeDensity. Otherwise, the UE shall assume PT-RS is present with LPTRS = 1.
>>>>>>>>>>>> End text proposal section 6.2.3.2  >>>>>>>>>>>>

[bookmark: _In-sequence_SDU_delivery]Issues related to 211
On PT-RS collision with CORESET
In section 7.4.1.2.2 it is stated that PT-RS is not mapped to “not used for DM-RS, CSI-RS, SS/PBCH or by a configured CORESET”.
However, a PDSCH can be mapped around either a detected PDCCH or around resources “declared as 'not available for PDSCH' according to clause 5.1.4 of [6, TS 38.214]”, see TS 38.211 section 7.3.1.5. Hence, PDSCH is not mapped around a CORESET but instead around reserved resources as defined in section 5.1.4 of TS 38.214. If the CORESET is not protected by reserved resources, then PDSCH is mapped around the detected PDCCH only.
Therefore, to keep the PT-RS section more in line with the remainder of the specifications, we propose to correct the condition to be fulfilled for PT-RS mapping to REs as follows:

>>>>>>>>>>>> Start text proposal section 7.4.1.2.2  >>>>>>>>>>>>


If present, the UE shall assume the PDSCH PT-RS is scaled by a factor  to conform with the transmission power specified in clause 4.1 of [6, TS38.214] and 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 block, or by a configured CORESET declared as 'not available for PDSCH' according to clause 5.1.4 of [6, TS 38.214]
>>>>>>>>>>>> End text proposal section 7.4.1.2.2  >>>>>>>>>>>>

Head-Tail potential issue for DFT-s-OFDM


It is observed that when is 4, the PTRS samples are placed in a head-middle-tail fashion. In [2], we show the evaluation results with difference chunk placements when the number of samples per PTRS group is 4. There is only negligible performance difference between placing the chunk in the middle of the interval and in the tail-middle-head of intervals, hence from performance perspective there is no degradation to make such move.  Furthermore, placing the chunks in the middle of the interval is robust to timing errors and is consistent with the placement for the case when is 2. We thus propose 

When is 4, the PTRS chunks can be placed around the middle of each interval, the corresponding rows Table 6.4.1.2.2.2-1 is then updated as follows (unchanged rows are not shown)
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>

Table 6.4.1.2.2.2-1: PT-RS symbol mapping.
	
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
	4
	

 where  


 where 

	4
	4
	

 where



 where 


	8
	4
	



 where
 where 




>>>>>>>>>>>> End text proposal >>>>>>>>>>>>
RNTI ambiguities in PTRS resource mapping


For the PTRS resource mapping formulas for CP-OFDM, i.e., in Section 6.4.1.2.2.1 for DL and in Section 7.4.1.2.2 for UL, it is observed that the mapping depends on the value of  among other parameters, where  is described as follows:

-	is the C-RNTI associated with the DCI scheduling the transmission.

However, for different channels RNTI can be different forms such as C-RNTI, CS-RNTI or SPS-CSI-RNTI, etc. Therefore, to avoid ambiguities in the specifications, we propose to clarify the definition of .

In Section 6.4.1.2.2.1 and 7.4.1.2.2, the parameter in the resource mapping formulas of PTRS is corrected as follows:
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>

-	is the C-RNTI associated with the DCI scheduling the transmission.
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>
Issues related to 214
Issues related to UL PT-RS power boosting
For UL PT-RS power boosting, the current specification TS38214 only captures the power boosting for fully coherent UL codebook based transmission. However, for partial and non-coherent transmission, the power boosting factor needs to be clarify mainly because of the transmitter structure indicated by TPMI and TRI. In other words, in the partial and non-coherent transmission, the power can only be transferred within a subset of antenna ports. 
To capture the power boosting factor for partial and non-coherent UL codebook based transmission, we propose to add two more categories in the UL power boosting table, namely, Table 6.2.3-5 in TS38214 to differentiate the transmission schemes. The specific paragraph should be changes to the following. 
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>

For codebook based uplink transmission, when the UE is scheduled with one PT-RS 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 , where  is shown in the Table 6.2.3-5 according to the higher layer parameter UL-PTRS-power, and the uplink codebook subset indicated by TPMI and the TRI, where the PT-RS scaling factor  specified in subclause 7.4.1.2.2 of [4, TS 38.211] is given by  .
-	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 / 
	Full coherent
	Partial coherent
	Non-coherent

	
	

	

	


	
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4

	00
	0
	3
	4.77
	6
	0
	0
	0
	3
	0
	0
	0
	0

	01
	reserved
	reserved
	reserved

	10
	reserved
	reserved
	reserved

	11
	reserved
	reserved
	reserved



>>>>>>>>>>>> End text proposal >>>>>>>>>>>>

Density in case of UCI on PUSCH without UL-SCH
It is observed in previous meeting that when PUSCH carries UCI only, the PTRS density can be undefined as MCS could be the reserved MCS. 
The following conclusion was made:
Conclusion
Make decision on the following issue in RAN1#92: For UCI on PUSCH without UL-SCH, the PT-RS time domain density for CP-OFDM

A simple approach would be to use the indicated reserved state, and use the highest MCS for the indicated modulation order as the basis for selecting the time density. 
In case of UCI on PUSCH without UL-SCH, use the highest MCS in the used MCS table for the indicated modulation order according to the reserved state for selecting the PT-RS time density . 

PT-RS presence for non-unicast transmissions
In case SI-RNTI etc is transmitted, then PT-RS should not be present since this is a broadcasted signal. Similarly, for UL, the PT-RS should not be present when scheduled using TC-RNTI in the initial access phase (note that the UE may have been configured by PT-RS from LTE in NSA operation, still the RNTI is unknown to the gNB on the NR network, hence when TC-RNTI is used, then PT-RS should not be transmitted). Hence, some restrictions pending on RNTI is needed on when PT-RS is present.
Moreover, there are some inconsistencies and ambiguities in the specification text.
Hence the 38.214 needs to be updated as follows:
>>>>>>>>>>>> Start text proposal Section 6.2.3.1 >>>>>>>>>>>>
When transform precoding is not enabled and if a UE is configured with the higher layer parameter UL-PTRS-present set to 'ON', 
-	if the additional higher layer parameters UL-PTRS-time-density and UL-PTRS-frequency-density are configured, and the RNTI equals C-RNTI, CS-RNTI or SPS-CSI-RNTI, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the corresponding scheduled MCS and scheduled bandwidth in a corresponding bandwidth part as shown in Table 6.2.3-1 and Table 6.2.3-2, 
- if the higher-layer parameter timeDensity is not configured, the UE may assume LPT-RS = 1.
-if the higher-layer parameter frequencyDensity is not configured, the UE may assume KPT-RS = 2.
-	otherwise, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2 and the UE may assume that PT-RS is not present when
-	the scheduled MCS is smaller than 0, or
-	the number of scheduled RBs is smaller than 1,
-  the RNTI equals TC-RNTI

>>>>>>>>>>>> End text proposal Section 6.2.3.1 >>>>>>>>>>>>

>>>>>>>>>>>> Start text proposal Section 6.2.3.2 >>>>>>>>>>>>
[bookmark: _Hlk506384525]When transform precoding is enabled and if a UE is configured with the higher layer parameter UL-PTRS-present-transform-precoding,
-	the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3-3. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than or equal to NRB0 if NRB0 > 0 or if the RNTI equals TC-RNTI.
-	and the UE shall be configured PT-RS time density LPTRS ={1,2} with the higher-layer parameter timeDensity. Otherwise, the UE shall assume PT-RS is present with LPTRS = 1.
>>>>>>>>>>>> End text proposal Section 6.2.3.2 >>>>>>>>>>>>

>>>>>>>>>>>> Start text proposal Section 5.1.6.3 >>>>>>>>>>>>
[bookmark: _Hlk500844944][bookmark: _Hlk500442245]If a UE is configured with the higher layer parameter Downlink-PTRS-Config, set to 'ON',
-	if either or both of the additional higher layer parameters timeDensity and frequencyDensity are both configured, and the RNTI equals C-RNTI or CS-RNTI, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the corresponding scheduled MCS of the corresponding codeword and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, 
		- if the higher-layer parameter timeDensity is not configured, the UE may assume LPT-RS = 1.
		- if the higher-layer parameter frequencyDensity is not configured, the UE may assume KPT-RS = 2.
-	otherwise, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2 and the UE shall assume that PT-RS is not present when,
-	the scheduled MCS from Table 5.1.3.1-1 is smaller than 10, or
-	the scheduled MCS from Table 5.1.3.1-2 is smaller than 5, or 
-	the number of scheduled RBs is smaller than 3, or
-  the RNTI equals RA-RNTI, SI-RNTI or P-RNTI
>>>>>>>>>>>> End text proposal Section 5.1.6.3 >>>>>>>>>>>>
References
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