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1. Clarification on the number of DL PT-RS ports without TCI in DCI

1.1. Description of issue
In section 5.1.6.3 of the current CR on TS38.214 [1], the scheduled number of DL PT-RS ports is described as follows:
“The scheduled number of PT-RS ports for a UE is indicated by TCI in DCI.” 

Therefore, the scheduled number of DL PT-RS ports is ambiguous if TCI-PresentInDCI = ”Disabled” in which TCI is not transmitted in DCI. In section 5.1.5, if TCI-PresentInDCI = ”Disabled”,  UE behavior on TCI state for the PDSCH is described as follows:
“If TCI-PresentInDCI is set as ‘Disabled’ for the CORESET scheduling the PDSCH, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. “
Accordingly, it is natural that the scheduled number of PT-RS ports for a UE is indicated by TCI state applied for the CORESET used for the PDCCH transmission when PresentInDCI = ”Disabled”.
1.2. Text proposals on TS38.214 
5.1.6.3  PT-RS reception procedure

A UE shall report the preferred MCS and bandwidth thresholds based on the UE capability at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, assuming the MCS table with the maximum ModOrder as it reported to support.
--------------- Unchanged parts omitted -------------
When a UE is receiving PDSCH for retransmission, if the UE is scheduled with an MCS index greater than V, where V=28 for in MCS Table 5.1.3.1-1 and V=27 for MCS Table 5.1.3.1-2 respectively, the MCS for the PT-RS time-density determination is obtained from the DCI received for the same transport block in the initial transmission, which is smaller than or equal to V.
If the TCI-PresentinDCI is set as ‘Enabled’, the scheduled number of PT-RS ports for a UE is indicated by TCI in DCI. If the TCI-PresentinDCI is set as ‘Disabled, the scheduled number of PT-RS ports for a UE is indicated by TCI state applied for the CORESET used for the PDCCH transmission.
A UE is configured by higher layer parameter nrofPorts with a number of DL PT-RS ports per TCI-state (as described in sub-clause 5.1.5) for PDSCH transmission.
2. Clarification on PT-RS port and DMRS port association for 2CW case
2.1. Description of issue

In section 5.1.6.3 of the current CR on TS38.214 [1], if the number of PT-RS port is equal to 1, the PT-RS port and DMRS port mapping is described as follows:
“If one PT-RS port is transmitted to a UE and the UE is scheduled with DM-RS ports from two DM-RS port groups, the UE may assume the PT-RS port is associated to two DM-RS port groups and the PTRS port is shared among the two DMRS port groups. 

--------------- Unchanged parts omitted -------------
“If a UE is scheduled with two codewords, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of the two codewords are the same, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port assigned for the codeword 0.”

Since two CWs can share the same PT-RS port, it is unclear which MCS is referred for PT-RS port. To resolve the issue, the dynamic presence/time density of the PT-RS port should be determined by the MCS of its associated DMRS port.
2.2. Text proposals on TS38.214 
5.1.6.3  PT-RS reception procedure

A UE shall report the preferred MCS and bandwidth thresholds based on the UE capability at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, assuming the MCS table with the maximum ModOrder as it reported to support.
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, 
3. Clarification on DL PT-RS power boosting
3.1. Description of issue

In section 4.1 of the current CR on TS38.214 [1], Table 4.1-2 is as follows:

 Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i (
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Here, the number of DM-RS ports associated to PT-RS port seems ambiguous since two DMRS port groups can share one PT-RS port. Also, the agreement on PT-RS power boosting, made in RAN1#91, defines that as “the number of PDSCH layers within the DMRS group associated with the PT-RS”. Accordingly, it should be changed as “the number of PDSCH layers within the DMRS port group containing DMRS port associated with the PT-RS port”.
3.2. Text proposals on TS38.214

4.1 Power allocation for downlink
The gNodeB determines the downlink transmit energy per resource element. 

--------------- Unchanged parts omitted -------------

-
the UE shall assume epre-RATIO is set to state ‘00’ in Table 4.1-2 if not configured.
Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i (
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4. Clarification on UL PT-RS power boosting
4.1. Description of issue

In section 6.2.3 of the current CR on TS38.214 [1], the following agreements on UL PT-RS power boosting, which were made in RAN1#90bis and RAN1#91, seem missing:
	In RAN1#90bis, the transmission power for the symbols with and without PTRS should be kept the same when more than 1 PTRS port is configured.

· Support power borrowing for PTRS from muted REs when more than 1 PTRS port is configured
· Note: Other power boosting scheme for UL PTRS can be further discussed
In RAN1#91, when one UL PTRS port is transmitted, PUSCH to PTRS power ratio per layer per RE is given by -A where A is given by the table below using the RRC parameter UL-PTRS-EPRE-ratio, with default value of 00.

Table 1
# of PUSCH layers

1

2

3

4

RRC parameters

00

0[dB]
3[dB]
4.77[dB]
6[dB]
01

reserved

10

reserved

11

reserved




In section 6.3.1.5 of TS38.211, precoding matrices for codebook based UL transmission are presented. The precoding matrices are designed based on per antenna power constraint. For example, Table 2 shows precoding matrices for single-layer transmission using four antenna ports with transform precoding disabled.
Table 2 Precoding matrix 
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for single-layer transmission using four antenna ports                                               with transform precoding disabled (Table 6.3.1.5-3 in TS38.211)
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(ordered from left to right in increasing order of TPMI index)
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	8 – 15
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	24 – 27
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Here, elements of each precoding matrix have constant magnitude, while norm2 of precoding matrices can be different each other. For example, the precoding matrix with TPMI index=0 has 1/4 of norm2, while that with TPMI index=24 has 1 of norm2.This is because power boost-up from un-used port(s) requires wider dynamic range of power amplifier, it may require more expensive RF-chains at UE. Also, antenna “turn-off” has a merit of UE battery saving. Further details can be found in our companion contribution [R1-171936]. Accordingly, UL PT-RS power boosting should be designed based on per antenna power constraint. On the other hand, it should be noted that power borrowing for PT-RS from muted REs is independent of UE implementation issue.
Proposal 1: UL PT-RS power boosting should be designed based on per antenna power constraint.
Table 3 Precoding matrix 
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 for three-layer transmission using four antenna ports (Table 6.3.1.5-6 in TS38.211)

	TPMI index
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(ordered from left to right in increasing order of TPMI index)
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	4 – 6
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Table 4 Precoding matrix 
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 for four-layer transmission using four antenna ports (Table 6.3.1.5-7 in TS38.211)

	TPMI index
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(ordered from left to right in increasing order of TPMI index)
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In the followings, we show how to boost PT-RS power for different precoding matrix types (full-coherent/non-coherent/partial-coherent), presented in Table 3 and Table 4, based on per antenna power constraint.
· Full-coherent precoding matrix case 

It was agreed that UE expects that the number of UL PTRS ports is equal to one if UE reported capability of supporting full-coherent UL transmission. Therefore, only one PT-RS port is considered when full-coherent precoding matrix is configured to UE. In this case, the UL PT-RS power boosting factor is determined by 10log10(X), where X is the number of PUSCH layers. For example, If UE is configured by precoding matrix of TPMI=4 in Table 4 and UL PT-RS port is associated to layer #0, we can see that the precoder of PT-RS port can be the precoding matrix of TPMI=13 in Table 2. This observation indicates that PUSCH to PT-RS EPRE ratio is given by 6dB, while keeping per antenna power constraint, which is illustrated in Figure 1.
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Figure 1 The precoding matrices used for PUSCH and PT-RS in the frequency domain.

· Non-coherent precoding matrix case 

In non-coherent precoding cases, each layer is transmitted on one antenna port. To keep the per-antenna power constraint, a PT-RS port cannot borrow power from other layers. On the other hand, for the case of two PT-RS ports, power can be boosted by 3dB borrowing from the muted REs in frequency. Accordingly, UL PT-RS power boosting is determined given by 10log10(Y), where Y is the number of UL PT-RS ports. For example, if UE is configured by precoding matrix of TPMI=0 in Table 4 and UL PT-RS port is associated to layer #0, we can see that the precoder of PT-RS port can be the precoding matrix of TPMI=0 in Table 2. Here, we can see that PUSCH to PT-RS EPRE ratio should be 0dB in order to keep per antenna power constraint, which is illustrated in Figure 2.
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Figure 2 The precoding matrices used for PUSCH and PT-RS in the frequency domain.
· Partial-coherent precoding matrix case

In partial-coherent precoding cases, each layer is transmitted on one or two antenna ports. Up to rank 3, the antenna port(s) transmitting each layer are not overlapped. In other words, each layer is transmitted on different antenna port(s).  In rank 4, however, each layer is transmitted on two antenna ports and a pair of layers is transmitted on the same set of antenna ports. Therefore, if one PT-RS port is configured, the power cannot be boosted up to rank 3 but can be boosted by 3 dB in rank 4 due to the overlapped antenna ports per layer. For the case of two PT-RS ports, power can be further boosted by 3dB up to rank 3 and by 6dB in rank 4 borrowing from the muted REs in frequency. In summary, UL PT-RS power boosting is given by 
· 10log10(Y), where Y is the number of UL PT-RS ports, in case of rank 1, 2, or 3
· 10log10(YZ), where Y is the number of UL PT-RS ports and Z is the number of PUSCH layers sharing the same UL PT-RS port, in case of rank 4.
For example, if UE is configured by precoding matrix of TPMI=2 in Table 4 and UL PT-RS port is associated to layer #0, we can see that the precoder of PT-RS port can be the precoding matrix of TPMI=6 in Table 2. This observation shows that PUSCH to PT-RS EPRE ratio can be 3dB, while keeping per antenna power constraint, which is illustrated in Figure 3. On the other hand, if UE is configured by precoding matrix of TPMI=2 in Table 3 and UL PT-RS port is associated to layer #0, the precoder of PT-RS port can be the precoding matrix of TPMI=5 in Table 2. Here, we can see that PUSCH to PT-RS EPRE ratio should be 0dB in order to keep per antenna power constraint. 
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Figure 3 The precoding matrices used for PUSCH and PT-RS in the frequency domain.
Based on the discussions, the following observations can be achieved. 

Observation 1: For full-coherent precoding matrices, UL PT-RS power boosting factor is given by 10log10(X), where X is the number of PUSCH layers. 

Observation 2: For non-coherent precoding matrices, UL PT-RS power boosting is given by 10log10(Y), where Y is the number of UL PT-RS ports. 
Observation 3: For partial-coherent precoding matrices, UL PT-RS power boosting is given by 
· 10log10(Y), where Y is the number of UL PT-RS ports, in case of rank 1, 2, or 3
· 10log10(YZ), where Y is the number of UL PT-RS ports and Z is the number of PUSCH layers sharing the same UL PT-RS port, in case of rank 4.
4.2. Text proposals on TS38.214
6.2.3 UE PT-RS transmission procedure

When transform precoding is not enabled and if a UE is configured with the higher layer parameter UL-PTRS-present set to ‘ON’, 
--------------- Unchanged parts omitted -------------
-
UL PT-RS port 0 is associated with the UL layer [x] of layers which are transmitted with SRS port 0 and SRS port 2 in indicated TPMI, and UL PT-RS port 1 is associated with the UL layer [y] of layers which are transmitted with SRS port 1 and SRS port 3 in indicated TPMI, where [x] and/or [y] are given by DCI parameter PTRS-DMRS association as shown in DCI format 0_1 described in Subclause 6.2.3 of [5, TS38.212].
When transform precoding is not enabled and if a UE is configured with the higher layer parameter UL-PTRS-present, the PT-RS scaling factor 
[image: image54.wmf]b

 specified in subclause 6.4.1.2.2.1 of [4, TS 38.211] is determined as follows. 
· 
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 is given by Table 6.2.3-x indicated by the RRC parameter UL-PTRS-EPRE-ratio with default value of 00 for the following cases:

· Two antenna ports, TRI=2 and TPMI={1,2}

· Four antenna ports, TRI=2 and TPMI={14,….,21}

· TRI=3 and TPMI={3,….,6}

· TRI=4 and TPMI={3,4}
Table 6.2.3-x
	
	The number of PUSCH layers

	
	1
	2
	3
	4

	UL-PTRS-EPRE-ratio
	00
	1
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01
	reserved

	
	10
	reserved

	
	11
	reserved


· 
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 is given by 
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 for the following cases:

· Two antenna ports, TRI=2 and TPMI={0}

· Four antenna ports, TRI=2 and TPMI={0,….,13}

· TRI=3 and TPMI={0,….,2}

· TRI=4 and TPMI={0}

where  
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 is the actual number of UL PT-RS ports.
· 
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 is given by 
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 for the following case:

· TRI=4 and TPMI={1,2}

· Otherwise, 
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 is given by 1.
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