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1. Introduction
In this contribution we provide our views on the remaining issues on NR Rel-15 PT-RS, CSI-RS, and SRS. 
2. PT-RS for URLLC
According to the current spec, for URLLC, MCS-C-RNTI is employed to indicate using a different MCS table to that configured for eMBB. As given in the following, Table 1 and Table 2 show the MCS tables for eMBB and URLLC, respectively. By comparison, with the same IMCS value, URLLC has lower modulation order/spectral efficiency than eMBB to fulfill the reliable transmission requirement.
Table 1: MCS index table 1 for PDSCH

	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral

efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.3320

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


Table 2: MCS index table 3 for PDSCH

	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	30
	0.0586

	1
	2
	40
	0.0781

	2
	2
	50
	0.0977

	3
	2
	64
	0.1250

	4
	2
	78
	0.1523

	5
	2
	99
	0.1934

	6
	2
	120
	0.2344

	7
	2
	157
	0.3066

	8
	2
	193
	0.3770

	9
	2
	251
	0.4902

	10
	2
	308
	0.6016

	11
	2
	379
	0.7402

	12
	2
	449
	0.8770

	13
	2
	526
	1.0273

	14
	2
	602
	1.1758

	15
	4
	340
	1.3281

	16
	4
	378
	 1.4766

	17
	4
	434
	1.6953

	18
	4
	490
	1.9141

	19
	4
	553
	2.1602

	20
	4
	616
	2.4063

	21
	6
	438
	2.5664

	22
	6
	466
	2.7305

	23
	6
	517
	3.0293

	24
	6
	567
	3.3223

	25
	6
	616
	3.6094

	26
	6
	666
	3.9023

	27
	6
	719
	4.2129

	28
	6
	772
	4.5234

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


In NR, the time domain density of PT-RS is determined by the scheduled MCS according to Table 3. The thresholds ptrs-MCSi, i=1,2,3 are RRC configured. According to the current specification, the same thresholds are used for all the MCS tables. If the thresholds are optimized for eMBB, the PT-RS time domain density would be over-budgeted for URLLC, which causes PT-RS resource waste. 
Table 3: Time density of PT-RS as a function of scheduled MCS

	Scheduled MCS
	Time density (
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	IMCS < ptrs-MCS1 
	PT-RS is not present

	ptrs-MCS1 
[image: image2.wmf]£

 IMCS < ptrs-MCS2
	4

	ptrs-MCS2 
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 IMCS < ptrs-MCS3
	2

	ptrs-MCS3 
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Instead of introducing an additional time density table for URLLC [1], we propose to define an equivalent MCS to the scheduled MCS for URLLC. The PT-RS time domain density would be determined by the equivalent MCS. One possible definition is that the MCS index of Table 2 and its corresponding equivalent MCS index of the other MCS tables have the closest and smaller spectral efficiency. For instance, if the scheduled MCS for URLLC PDSCH is IMCS=17, then its equivalent MCS index in Table 1 is IMCS=12. Assume ptrs-MCS2 =10 and ptrs-MCS3 =17, with such mapping rule, the PT-RS density could be reduced by a half (from LPT-RS=1 to LPT-RS=2).
Proposal 1:
· Define an equivalent MCS to the scheduled MCS for URLLC. The PT-RS time domain density would be determined by the equivalent MCS.

· Apply the following TP for 38.214:
-----------------------------------------------------Start of TP for 38.214--------------------------------------------------------
5.1.6.3
PT-RS reception procedure

-------------------   omitted  -----------------
If a UE is configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig,
-
the higher layer parameters timeDensity and frequencyDensity in PTRS-DownlinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3 and NRB,i , i=0,1, as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, respectively. 
-
if either or both of the additional higher layer parameters timeDensity and frequencyDensity are 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 given by PTRS-DownlinkConfig is not configured, the UE shall assume LPT-RS = 1.

-
if the higher layer parameter frequencyDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume KPT-RS = 2.
-
if either or both of the additional higher layer parameters timeDensity and frequencyDensity are configured, and the RNTI equals MCS-C-RNTI, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the corresponding equivalent MCS to the 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, where the equivalent MCS is the MCS in Table 5.1.3.1-1 or Table 5.1.3.1-2, which has the closest and smaller spectral efficiency to that of the scheduled MCS.
-
if the higher layer parameter timeDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume LPT-RS = 1.

-
if the higher layer parameter frequencyDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume KPT-RS = 2.

-
otherwise, if neither of the additional higher layer parameters timeDensity and frequencyDensity are configured and the RNTI equals MCS-C-RNTI, C-RNTI or CS-RNTI, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2, and the UE shall assume 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 scheduled MCS from Table 5.1.3.1-3 is smaller than 15, or 
-
the number of scheduled RBs is smaller than 3, or

--------------------------------------------------------------------END of TP------------------------------------------------------
-----------------------------------------------------Start of TP for 38.214--------------------------------------------------------
6.2.3.1
UE PT-RS transmission procedure when transform precoding is not enabled

When transform precoding is not enabled and if a UE is configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig , 
-
the higher layer parameters timeDensity and frequencyDensity in PTRS-UplinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3 and NRB,i , i=0,1, as shown in Table 6.2.3.1-1 and Table 6.2.3.1-2, respectively. 
-
if either or both higher layer parameters timeDensity and/or frequencyDensity in PTRS-UplinkConfig are 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 and scheduled bandwidth in a corresponding bandwidth part as shown in Table 6.2.3.1-1 and Table 6.2.3.1-2, respectively, 
-
if the higher layer parameter timeDensity is not configured, the UE shall assume LPT-RS = 1.
-
if the higher layer parameter frequencyDensity is not configured, the UE shall assume KPT-RS = 2.
-
if either or both higher layer parameters timeDensity and/or frequencyDensity in PTRS-UplinkConfig are configured, and the RNTI equals MCS-C-RNTI, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the corresponding equivalent MCS to the scheduled MCS and scheduled bandwidth in a corresponding bandwidth part as shown in Table 6.2.3.1-1 and Table 6.2.3.1-2, respectively, where the equivalent MCS is the MCS in Table 5.1.3.1-1 or Table 5.1.3.1-2, which has the closest and smaller spectral efficiency to that of the scheduled MCS.
-
if the higher layer parameter timeDensity is not configured, the UE shall assume LPT-RS = 1.
-
if the higher layer parameter frequencyDensity is not configured, the UE shall assume KPT-RS = 2.
--------------------------------------------------------------------END of TP------------------------------------------------------
3. CSI-RS
In the previous paper [2] last meeting, a minor correction is found missing in the final spec, so here we suggest to make it right.
-----------------------------------------------------Start of TP for 38.214--------------------------------------------------------
5.2.2.3
Reference signal (CSI-RS) 

5.2.2.3.1
NZP CSI-RS

The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer parameters CSI-ResourceConfig, and NZP-CSI-RS-ResourceSet. Each NZP CSI-RS resource set consists of K≥1 NZP CSI-RS resource(s).
----------------omitted-------------
-
repetition in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and defines whether UE can assume the CSI-RS resources within the NZP CSI-RS Resource Set are transmitted with the same downlink spatial domain transmission filter or not as described in Subclause 5.1.6.1.2. and can be configured only when the higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource set is set to 'cri-RSRP' or 'none'.

-
qcl-InfoPeriodicCSI-RS contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). If the TCI-State is configured with a reference to an RS with 'QCL-TypeD' association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.
-
trs-Info in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and for which the UE can assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same as described in Subclause 5.1.6.1.1 and can be configured when reporting setting is not configured or when the higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource set is set to 'none'.

--------------------------------------------------------------------END of TP------------------------------------------------------
4. SRS

4.1. Clarification on power control for SRS

In TS 38.213, the SRS transmission power 
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 determination procedure for SRS transmission occasion 
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 on active UL BWP 
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  is specified. In our interpretation, an SRS transmission occasion corresponds to a SRS resource. According to the specifications of R15, multiple SRS resources at the same CC can transmit simultaneously. As the transmit power is calculated per SRS resource, it is possible that the sum of transmit power of multiple SRS resources that transmit in the same OFDM symbol at the same CC is higher than the maximum output power of the UE. 

Observation: 
· When multiple SRS resources at the same CC are transmitted simultaneously, it is possible that the sum of transmit power is higher than the maximum output power.

To ensure the sum of transmit power of SRS resources in a OFDM symbol not exceed the maximum output power, the following scale rule is possible:

· For OFDM symbol m, if the sum of transmit power of SRS resources on a CC exceeds the maximum output power, the transmit power of SRS resources that transmitted in the OFDM symbol m is scaled by the ratio of 
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is the maximum output power for the CC,
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is the sum of transmit powers of SRS resources that transmit on the CC in OFDM symbol m. 

· For OFDM symbol m, if the sum of transmit power of SRS resources on a CC not exceeds the maximum output power, the transmit power of SRS resources on the CC is not scaled in the OFDM symbol.

With above power scaling rule, the transmit power of a SRS resource may be different when it occupies multiple OFDM symbols. In order to guarantee the performance, equal transmit power in all OFDM symbols in the same slot of a SRS resource is preferred. Then the transmit power scaling ratio of a SRS resource should be the same in the OFDM symbols in a slot, the above scaling rule can be modified to be: 

· For a SRS resource transmitted in a slot starting with OFDM symbol S and lasted for L OFDM symbols, the transmit power of the SRS resource calculated by Subclause 7.3.1 of TS38.213 is scaled by  
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is the maximum output power for the CC,
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is the sum of transmit powers of SRS resources that transmit on the CC in OFDM symbol m. 

Proposal 2: 
· Revise the power scaling rule for SRS in TS 38.213 to ensure the sum of transmit power of SRS resources in a OFDM symbol not exceed the maximum output power.  
The corresponding TP for TS 38.213 is as follows:

 -----------------------------------------------------Start of TP for 38.213--------------------------------------------------------
7.3
Sounding reference signals

For SRS, a UE first scales a linear value 
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 on active UL BWP 
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, with parameters as defined in Subclause 7.3.1, by 
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·  m is one of the OFDM symbol indices in SRS transmission occasion 
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is the configured UE transmit power defined in [8, TS 38.101-1] and [8-2, TS38.101-2] for carrier 
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 in SRS transmission occasion 
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, 
· 
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is the summary of transmit powers of SRS resources in OFDM symbol m on active UL BWP 
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 that calculated with parameters as defined in Subclause 7.3.1.
The UE splits the resulting scaled power equally across the configured antenna ports for the SRS resource in SRS transmission occasion 
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.
-------------------------------------------------------------END of TP-------------------------------------------------------------
4.2. Remaining issues on dropping rule of SRS resources

In RAN1 #94 meeting, an agreement on SRS dropping rule for same carrier was achieved that: Aperiodic SRS resources > Semi-persistent SRS resources > Periodic SRS. Whether Dropped SRS resource shall be at resource level or symbol level is FFS. Dropping SRS resource at symbol level is preferred as it is still useful for gNB to measurement SRS with the residual symbols.

Proposal 3: 
· When SRS resources with different time domain types are conflict, the SRS resource with lower priority should be dropped at symbol level.
The corresponding TP for TS 38.214 is as follows:
-----------------------------------------------------Start of TP for 38.214--------------------------------------------------------
6.2.1
UE sounding procedure

-------------------   omitted  -----------------
In case a SRS resource with SRS- resourceType set as ‘aperiodic’ is triggered on the OFDM symbol configured with periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and not transmit the periodic/semi-persistent SRS resource(s) overlapping within the symbol. In case a SRS resource with SRS- resourceType set as ‘semi-persistent’ is triggered on the OFDM symbol configured with periodic SRS transmission, the UE shall transmit the semi-persistent SRS resource and not transmit the periodic SRS resource(s) overlapping within the symbol. In case a SRS resource with SRS- resourceType set as ‘aperiodic’ is triggered on the OFDM symbol configured with periodic SRS transmission, the UE shall transmit the aperiodic SRS resource and not transmit the periodic SRS resource(s) overlapping within the symbol. 
<Unrelated part omitted>

--------------------------------------------------------------END of TP------------------------------------------------------------
4.3. Editorial changes on  SRS

The agreement that “ The SRS resources in different SRS resource sets can be transmitted simultaneously” was achieved for SRS resource sets for UL beam management in RAN1 #91 meeting, not for all types of SRS resource sets. The descriptions in TS38.214 should be aligned with the agreements. The corresponding TP for TS 38.214 is as follows:
-----------------------------------------------------Start of TP for 38.214--------------------------------------------------------
6.2.1
UE sounding procedure

The UE can be configured with one or more Sounding Reference s ignal (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSet. For each SRS resource set, a UE may be configured with 
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SRS resources (higher layer parameter SRS-Resource), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter usage in SRS-ResourceSet. When the higher layer parameter usage is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant, the SRS resources in different SRS resource sets can be transmitted simultaneously.

--------------------------------------------------------------END of TP------------------------------------------------------------
In RAN1 #93 meeting, an agreement on the SRS configurations on SRS resource sets for antenna switching was as follows:
If the UE indicates support of “1T4R/2T4R” antenna switching and is configured with SRS sets with SRS-SetUse set as “antenna switching”, the UE is only expected to be configured with same number of SRS ports, either one or two, for all SRS resources in the sets. 

The UE does not expect to be configured or triggered more than one SRS resource set with SRS-SetUse set as “antenna switching” in the same slot, if the UE indicates support of “1T2R, 1T4R, 2T4R, or 1T4R/2T4R” antenna switching, otherwise the UE does not expect to be configured or triggered more than one SRS resource set with SRS-SetUse set as “antenna switching” in the same symbol. 

 The agreement was achieved for SRS resource sets for antenna switching only, not for all types of SRS resource sets. The descriptions in TS38.214 should be aligned with the agreements.

In TS38.331, the candidate values of supportedSRS-TxPortSwitch in SRS-TxSwitch are { t1r2, t1r4, t2r4, t1r4-t2r4, tr-equal}. The reference of the value of these high layer parameters in physical specifications should follow the candidate values of these parameters in TS38.331. 
The corresponding TP for TS 38.214 is as follows:
-----------------------------------------------------Start of TP for 38.214--------------------------------------------------------
6.2.1.2
UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability (' t1r2t1r2', 't2r4', 't1r4', ' t1r4-t2r4', or ' tr-equal '):

-
up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or

-
up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or

-
zero or one SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' with four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of each resource is associated with a different UE antenna port, and
-
zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in given two sets is associated with a different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. The UE shall expect that the value(s) of the higher layer parameter aperiodicSRS-ResourceTrigger in each SRS-ResourceSet are the same, and the value of the higher layer parameter slottOffset in each SRS-ResourceSet is different. Or, 
-
up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4.
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.

If the indicated UE capability is ' t1r4-t2r4,' the UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s).

If the indicated UE capability is 't1r2', 't2r4', 't1r4', 't1r4/t2r4', the UE shall not expect to be configured or triggered with more than one SRS resource set with usage in SRS-ResourceSet set as 'antennaSwitching'  in the same slot. If the indicated UE capability is ' tr-equal ,' the UE shall not expect to be configured or triggered with more than one SRS resource set with usage in SRS-ResourceSet set as 'antennaSwitching'  in the same symbol.

--------------------------------------------------------------END of TP------------------------------------------------------------
5. Conclusions

In this contribution we provide our views on the remaining issues on NR Rel-15 PT-RS, CSI-RS and SRS. Based on the discussion our views are summarized below.

Observation: 

· When multiple SRS resources at the same CC are transmitted simultaneously, it is possible that the sum of transmit power is higher than the maximum output power.

Proposal 1: 

· Define an equivalent MCS to the scheduled MCS for URLLC. The PT-RS time domain density would be determined by the equivalent MCS.

Proposal 2: 
· Revise the power scaling rule for SRS in TS 38.213 to ensure the sum of transmit power of SRS resources in a OFDM symbol not exceed the maximum output power.  

Proposal 3: 

· When SRS resources with different time domain types are conflict, the SRS resource with lower priority should be dropped at symbol level.

The corresponding TPs for the proposals and some TPs for editorial changes are provided in subclause 2-4. 
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