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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we provide our view and the text proposal for the remaining issues on PT-RS.

2 Issues
2.1 Density table
The RRC indicates the PTRS density in frequency domain and time domain, which are as the function of the scheduled BW and the scheduled MCS, respectively. The UE can also report the density thresholds as the capability. 

The density thresholds could be different for different numerologies. The maximum number of RBs in the channel bandwidth is defined as 273 by RAN4. As such, the compression mechanisms are proposed by some companies for claiming that the signalling overhead should be reduced.

Whether the compression is needed is still under discussion. Before analysing the compression method, let’s first analyse the potential bitwidth without compression. 

For 273 RBs as the maximum BW, we think 8 bits for range from 0(+1) to 255(+1) is very sufficient for defining the threshold. Furthermore, since the thresholds are with increasing order, there are two solutions to further reduce the bitwidth,
· The threshold with lower order, for example Nrb0 for DL PTRS, or Nrb0, Nrb1 and Nrb2 for UL TP PTRS, can be confined with smaller BW, for example, by using 4 or 5 bits to represent BW from 1~16 RBs or 1~32 RBs
· Signal the difference between the thresholds instead of signalling the absolute value of each threshold

Note that the bitwidth for the above two solutions can be further reduced by considering RBG as the basic unit.

The lossy compression, for example the alt. 2 in feature lead’s summary report, can actually save the bitwidth under the constraint of using limited threshold values. Several concerns are raised from our side,
· If the lossy compression is considered, why not further consider using a fixed table specified in 38.214 so that there is no any RRC overhead
· The lossy compression also means the significant quantization. Then it makes the UE reporting of the PTRS density less meaningful. If NR supports the UE to report the density capability, there is no reason to further restrict the reporting and RRC parameters based on the limited threshold values. After all, the threshold values are only delivered to the UE, and are only reported to the gNB once




The lossless compression by using combinatorial index, for example the alt. 4 in feature lead’s summary report, is to leverage the approach for resource allocation to further apply to the indication of threshold values. Several concerns are raised from our side,
· The combinatorial index also considers the increasing order. However, it doesn’t consider that the thresholds with lower order are actually with smaller BW. For example, for 5 values of Nrb0 to Nrb4 for UL TP PTRS, the values can be 269, 270, 271, 272, 273. It is a reasonable configuration for resource allocation but it doesn’t make sense as the threshold values
· The overhead reduction by using combinatorial index seems not much as shown in case 4 in TABLE 3. The case 2 in TABLE 3 is to consider restricting the BW for Nrb0, Nrb1 and Nrb2 for no compression aspect. As a result, the consumed bitwidth is less than case 4
· Even though combinatorial index has been applied since in LTE for resource allocation, it doesn’t mean it can be reasonably applied to other aspects. The threshold values are configured once. The resource allocation could happen dynamically

Based on the above, we tend to consider the approach without compression, and together with
· Restrict the BW for the thresholds with lower order. For example the smaller BW for Nrb0, Nrb1 and Nrb2 among Nrb0 to Nrb4 
· The differential values between the thresholds, instead of the absolute values, are indicated. So it is, Nrb0, Nrb1 - Nrb0, Nrb2 - Nrb1, Nrb3 -Nrb2, Nrb4 - Nrb3

So, we propose that,
Proposal 1: For density indication from RRC, and for UE reporting on the preferred density, no compression method is applied

Proposal 2: For the method without compression for density table indication, restrict the BW for the thresholds with lower order, for example the smaller BW for Nrb0, Nrb1 and Nrb2 among Nrb0 to Nrb4. Also the differential values between the thresholds, instead of the absolute values, are indicated. For example, Nrb0, Nrb1 - Nrb0, Nrb2 - Nrb1, Nrb3 -Nrb2, Nrb4 – Nrb3 are signalled to the UE for saving the bitwidth



	
	Number of thresholds for time domain density, related to scheduled MCS
	Number of thresholds for frequency domain density, related to scheduled BW
	Number of thresholds for sample density, related to scheduled BW

	DL ( also for UE report)
	4
	2
	

	UL with TP off
	4
	2
	

	UL with TP on
	
	
	5


TABLE 1: number of thresholds for PT-RS
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TABLE 2: left: 5 thresholds for UL with TP on; right: 2 thresholds for DL and UL with TP off

	
	Case 1: 
No compression, 
	Case 2:
No compressions
(confine Nrb0, Nrb1, Nrb2 in 32RBs and apply difference of thresholds)
	Case 3:
Lossy compression
2n, n=0~9 (need 4 bits for 10 values)
	Case 4:
Lossless compression using combinatorial index

	UL TP on
	8*5=40bits
	5+5+5+7+7= 29bits
	4*5=20bits
	C2735 = 1.218e10 ~ 34bits


TABLE 3: the estimated bitwidths for different methods for 5 thresholds
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TABLE 4: number of PRBs for different channel bandwidth and numerology, defined by RAN4


2.2 Parameter in the sequence for initialization
In 6.4.1.2.1.2 of 38.211, the equation of the initialization of pseudo-random sequence generator uses the value of 14, which should be further modified as the number of symbols in a slot. So we propose that the original equation



is to be modified minorly as




Proposal 3:
	Text proposal 6.4.1.2.1.2 38.211








2.3 DL PTRS port number indication
The procedure of DL PTRS port number indication is defined in 5.1.6.3 of 38.214. It is seen that different procedure applies when TCI-PresentinDCI is ‘enabled’ or ‘disabled’. Also we can observe that the rule for TCI-PresentinDCI set as disabled is much lengthy. We would like to discuss whether this is reasonable.

	Current 5.1.6.3 38.214
If the higher layer parameter TCI-PresentinDCI is set as ‘Enabled’, tThe scheduled number of PT-RS ports for a UE is indicated by TCI in DCI.
If the higher layer parameter 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 when the scheduling offset is above the threshold indicated by the UE reported ThresholdSched-Offset. If the scheduling offset is less or equal than the 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. If all configured TCI states do not contain ‘QCL-TypeD’, the UE shall obtain the number of PT-RS ports from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH




The main reason to indicate PTRS port number through the TCI state is to support the dynamic switching between single/multiple TRP, or single/multiple panel transmission. So, if the TCI state is not indicated through DCI, namely when TCI-PresentinDCI is ‘disabled’, the PTRS port number for downlink should be a semi-static configuration, which is either 1 or 2.

We have concern on the current procedure that, when TCI-PresentinDCI is “disabled”, the scheduling offset and the threshold, say ThresholdSchedOffset, are taken jointly to determine which CORESET to indicate the PTRS port number.

Fig. 1 shows the example that the scheduling offset is shorter than the ThresholdSchedOffset by UE reporting. The scheduling offset in the example is 1-slot time, and ThresholdSchedOffset is 2-slot time. Before the UE decodes the DCI, the incoming signal is buffered. It is reasonable to assume the spatial RX filter for buffering the data, which is shown in 5.1.5 of 38.214. However, we don’t see the need to know the PTRS port number before DCI decoding is finished.

The PDCCH in slot 1 is to schedule the PDSCH in slot 2 by CORESET-2 in Fig. 1. Based on current specification, the PTRS port number for slot 2 is indicated in the TCI state for CORESET-1, which is the latest CORESET. It means the UE can know the PTRS port number earlier than knowing the DMRS port number. We don’t see the significance why PTRS port number needs to be known earlier. 

So we propose to remove the usage of the scheduling offset and the threshold to determine the CORESET. The indication by using the CORESET for PDCCH transmission for scheduling the PDSCH is sufficient. 

For the condition that when there is no TCI state for the CORESET, we propose to assume 1 PTRS port to simplify the procedure, because it is believed that one PTRS port is the most common case.

	Text proposal 5.1.6.3 38.214
If the higher layer parameter TCI-PresentinDCI is set as ‘Enabled’, the scheduled number of PT-RS ports for a UE is indicated by TCI in DCI.
If the higher layer parameter 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 TCI state is not present, the UE shall assume PT-RS port number equal to one. when the scheduling offset is above the threshold indicated by the UE reported ThresholdSched-Offset. If the scheduling offset is less or equal than the 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. If all configured TCI states do not contain ‘QCL-TypeD’, the UE shall obtain the number of PT-RS ports from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH
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Fig. 1: The actual scheduling offset is shorter than ThresholdSchedOffset


[image: ]
Fig. 2: The actual scheduling offset is longer than ThresholdSchedOffset


[bookmark: _GoBack]2.4 Consistency on generation and mapping rule for DMRS and PTRS
TABLE 5 shows the analysis of DMRS and PTRS generation and mapping rule for uplink. It is observed that for DMRS, the precoding matrix W is applied during the physical resource mapping. For PTRS when transform precoding is enabled, the precoding matrix is equivalently applied during the physical resource mapping.
However for PTRS when TP is disabled, the precoding matrix is applied during the sequence generation. Since PTRS can be treated as DMRS for phase tracking, we tend to consider that the same generation and mapping rule should apply for both DMRS and PTRS for uplink.
So we propose that,

Proposal 5: For uplink when transform precoding is disabled, the PTRS generation and mapping rule should follow that for uplink DMRS. More specifically, the precoding matrix W should be applied during the physical resource mapping (current W is on sequence generation)
	DMRS UL TP off
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Note: W is applied during resource mapping
	DMRS UL TP on
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Note: W is applied during resource mapping

	PTRS UL TP off
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Note: W is applied during sequence generation
	PTRS UL TP on
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Note: W is applied during resource mapping


TABLE 5

2.5 Power boosting for NCB transmission scheme
The power boosting on uplink PTRS for codebook based transmission has been agreed in previous meeting. The power boosting factor is related to
· Precoder type, namely full coherent, partial coherent or non-coherent
· Whether the UE is HPUE (high power)
· Number of PTRS ports
· Number of PUSCH layers

For both CB and NCB transmission scheme, the number of PTRS ports and PUSCH layers are indicated through uplink DCI. It is up to UE capability to support high power transmission. So, the only uncertainty is the precoder type.

For high power UE, the power boosting value is the same among full coherent, partial coherent and non-coherent types for CB transmission. Then the boosting value can be reused for NCB transmission for high power UE. For the UE without supporting high power mode, we propose to use the boosting value for non-coherent type in CB transmission. 

So we propose the following power boosting table for NCB transmission,


Proposal 6:

	
	1 PUSCH layer
	2 PUSCH layers
	3 PUSCH layers
	4 PUSCH layers

	00
	0
	Q
	Q
	Q

	01
	0
	3
	4.77
	6


· Q= 0 for 1 PTRS port, Q=3 for 2 PTRS ports


3 Conclusion
Proposal 1: For density indication from RRC, and for UE reporting on the preferred density, no compression method is applied

Proposal 2: For the method without compression for density table indication, restrict the BW for the thresholds with lower order, for example the smaller BW for Nrb0, Nrb1 and Nrb2 among Nrb0 to Nrb4. Also the differential values between the thresholds, instead of the absolute values, are indicated. For example, Nrb0, Nrb1 - Nrb0, Nrb2 - Nrb1, Nrb3 -Nrb2, Nrb4 – Nrb3 are signalled to the UE for saving the bitwidth


Proposal 3:
	Text proposal 6.4.1.2.1.2 38.211








Proposal 4: There is no strong reason that the UE should know PTRS port number earlier than DMRS port number. Also, when TCI-PresentinDCI is disabled, it doesn’t support the intention that PTRS port number should be dynamically changed due to dynamic switching between single/multiple TRP, or single/multiple panel transmission

	Text proposal 5.1.6.3 38.214
If the higher layer parameter TCI-PresentinDCI is set as ‘Enabled’, the scheduled number of PT-RS ports for a UE is indicated by TCI in DCI.
If the higher layer parameter 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 TCI state is not present, the UE shall assume PT-RS port number equal to one. when the scheduling offset is above the threshold indicated by the UE reported ThresholdSched-Offset. If the scheduling offset is less or equal than the 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. If all configured TCI states do not contain ‘QCL-TypeD’, the UE shall obtain the number of PT-RS ports from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH



Proposal 5: For uplink when transform precoding is disabled, the PTRS generation and mapping rule should follow that for uplink DMRS. More specifically, the precoding matrix W should be applied during the physical resource mapping (current W is on sequence generation)



Proposal 6: For the power boosting issue for NCB transmission, we propose that the boosting value for CB transmission can be reused for NCB transmission for high power UE. For the UE without supporting high power mode, we propose to use the boosting value for non-coherent type in CB transmission

	
	1 PUSCH layer
	2 PUSCH layers
	3 PUSCH layers
	4 PUSCH layers

	00
	0
	Q
	Q
	Q

	01
	0
	3
	4.77
	6


· Q= 0 for 1 PTRS port, Q=3 for 2 PTRS ports
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