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1
Introduction
In this contribution, we are providing our technical and editorial proposals on DL/ULreference signals oo top of the previous agreements[1]. The proposals are covering the following issues, and also related to the UL port indexing which was postponed from RAN1 #94 meeting.
· DM-RS port indexing

· PT-RS patterns for MCS-C-RNTI

· SRS Resource Sharing

· SRS port mapping

2
Remaining issues on DM-RS 
There is still problem on UL antenna port indexing. Different from downlink, UL has additional procedure of precoding and we have defined PUSCH port after precoding while DM-RS is being defined before precoding. In addition, though PDSCH ports are defined as cell common, PUSCH/SRS ports are defined as UE-specific. However, for DM-RS, both DL and UL DM-RS are defined as cell-common index. 
In DL, since both PDSCH and DL DM-RS are defined as cell-common, it is possible to share the same port indexing. On the other hand, in UL, since PUSCH and UL DM-RS are defined differently, they cannot share the same index.

Regarding to SRS port, in fact, both for codebook based and non-codebook based, PUSCH ports are determined based on SRS ports. In that sense, SRS ports should share the index with PUSCH ports. 

Thus, we propose to correct the current UL port indexing as below.

Proposal 2-1: Adopt following principle for UL antenna port indexing

· Define PUSCH and SRS using the same antenna port
· Define separate DM-RS port indexing from PUSCH indexing
================================= Text Proposal for TS38.211 ===============================

6.2
Physical resources
The frame structure and physical resources the UE shall use when transmitting in the uplink transmissions are defined in Clause 4.
The following antenna ports are defined for the uplink:

-
Antenna ports starting with 0  demodulation reference signals for PUSCH
-
Antenna ports starting with 1000 for PUSCH and SRS

-
Antenna ports starting with 2000 for PUCCH

-
Antenna port 4000 for PRACH
================================= End of Text proposal  ===============================

The RRC parameter of dmrs-AdditionalPosition can be 0 or 1 when UL/DL-DMRS-max-len equal to 2 [2], the additional column should be removed to be aligned with the text in TS38.214.
Proposal 2-2: Remove the case when dmrs-AdditionalPosition =2 and 3 from Tables 6.4.1.1.3-4 and dmrs-AdditionalPosition = 2 from 7.4.1.1.2-4 in TS38.211:

=========================== Text Proposal for TS38.211   ==============================

Text proposal for Tables 6.4.1.1.3-3, 6.4.1.1.3-4, 7.4.1.1.2-3, and 7.4.1.1.2-4 in TS38.211:

Table 6.4.1.1.3-4: PUSCH DM-RS positions 
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 for double-symbol DM-RS and frequency hopping disabled.
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Table 7.4.1.1.2-4: PDSCH DM-RS positions [image: image45.wmf]l

 for double-symbol DM-RS.
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During the previous meeting, though we have agreed to remove the redundant part in UL DMRS procedure, there is still the corresponding text in DL part and not beed removed. We are proposing to remove the redundant text which increase the reader’s confusion or effort to understand the specification. 

	Agreement
TP for Section 6.2.2 in 38.214:

6.2.2
UE DM-RS transmission procedure

When transmitted PUSCH is not scheduled by PDCCH format 0_1 with CRC scrambled by C-RNTI or CS-RNTI, the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission except for PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, additional DM-RS can be transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211] for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled, and
If frequency hopping is disabled:
-
The UE shall assume dmrs-AdditionalPosition=’pos2’ and up to two additional DM-RS can be transmitted according to PUSCH duration.


If frequency hopping is enabled:
-
The UE shall assume dmrs-AdditionalPosition=’pos1’ and up to one additional DM-RS can be transmitted according to PUSCH duration.



Proposal 2-3: Remove the redundant text in DL part, the corresponding part has already been removed in UL part. 
=========================== Text Proposal for TS38.214   ==============================

5.1.6.2
DM-RS reception procedure

When receiving PDSCH scheduled by DCI format 1_0 or receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, maxLength and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B (described in subclause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE and 
the UE shall assume dmrs-AdditionalPosition='pos2'  and up to two additional single-symbol DM-RS can present in a slot according to the PDSCH duration indicated in the DCI as defined in Subclause 7.4.1.1 of [4, TS 38.211] 



< Unchanged parts are omitted >
There is a missing description in both TS38.211 and TS38.214 on determination of UL DMRS ports. Current 38.211 text indicated that it is given in TS38.214, but the text is still missed. So, for simple reading, it is recommended to refer TS38.212 directly as specified in DL DMRS part.  

Proposal 2-4: Adopt the below proposed text on UL DMRS port mapping which are missed in the specification.  
=========================== Text Proposal for TS38.212   ==============================

7.3.1.1.2
Format 0_1

DCI format 0_1 is used for the scheduling of PUSCH in one cell. 

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or new-RNTI:

< Unchanged parts are omitted >
-
Antenna ports – number of bits determined by the following and, the DM-RS antenna ports [image: image73.wmf]{
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 in Subclause 6.4.1.1.3 of [4, TS38.211] shall be determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23.
< Unchanged parts are omitted >

================================= Text Proposal for TS38.214 ===============================

6.1.1.1
Codebook based UL transmission

< Unchanged parts are omitted >
For codebook based transmission, the UE may be configured with a single SRS-ResourceSet set to 'codebook' and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. If aperiodic SRS is configured for a UE, the SRS request field in DCI triggers the transmission of aperiodidc SRS resources.
The DM-RS antenna ports [image: image74.wmf]{
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 in Subclause 6.4.1.1.3 of [4, TS38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Subcalause 7.3.1.1.2 of [5, TS38.212] given by DCI format 0_1 or by ConfiguredGrantConfig according to subclause 6.1.2.3 in increasing order. 
When multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codebook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.
6.1.1.2
Non-Codebook based UL transmission
< Unchanged parts are omitted >

The DM-RS antenna ports [image: image75.wmf]{
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 in Subclause 6.4.1.1.3 of [4, TS38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Subcalause 7.3.1.1.2 of [5, TS38.212] given by DCI format 0_1 or by ConfiguredGrantConfig according to subclause 6.1.2.3 in increasing order. 
For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS in SRS-ResourceSet for SRS resource set.

For non-codebook based transmission, the UE can be scheduled with DCI format 0_1 when at least one SRS resource is configured in SRS-ResourceSet with usage set to 'nonCodebook'.

< Unchanged parts are omitted >
3
Remaining issues on PT-RS 

We are proposing to update the current text to reflect New MCS table 3 introduced during RAN1 #93. We have still open issue for PTRS time density when PDSCH or PUSCH are scheduled by MCS-C-RNTI when no PT-RS density table is configured for MCS table 3. 
Since MCS table 3 is introduced for URLLC purpose, using most robust pattern is simplest solution without losing the intended goal. 

So, we are proposing to use default PT-RS density when PDSCH/PUSCH are scheduled by MCS-C-RNTI.

In addition, some editorial corrections have been provided.  

· Remove redundant text

· Correction with incorrect references.

Proposal 3-1: Adopt the below proposed text on PT-RS procedures in Subclause 5.1.6.3 and 6.2.3 of TS38.214.  
=========================== Text Proposal for TS38.214   ==============================

5.1.6.3
PT-RS reception procedure
< Unchanged parts are 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.

-
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

-
otherwise, if the RNTI equals RA-RNTI, SI-RNTI, or P-RNTI, the UE shall assume PT-RS is not present 
< Unchanged parts are omitted >
The DL DM-RS port(s) associated with a PT-RS port are assumed to be quasi co-located with respect to {QCL-TypeA' and QCL-TypeD'}.
< Unchanged parts are omitted >
6.2.3
UE PT-RS transmission procedure
If a UE is not configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE shall not transmit PT-RS. The PTRS may only be present if RNTI equals MCS-C-RNTI, C-RNTI, CS-RNTI, SP-CSI-RNTI.
6.2.3.1
UE PT-RS transmission procedure when transform precoding is not enabled

< Unchanged parts are omitted >
If either or both of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 6.2.3.1-1 and Table 6.2.3.1-2, indicates that are configured as 'PT-RS not present', the UE shall assume that PT-RS is not present.


When a UE is scheduled to transmit PUSCH with allocation duration of 2 symbols with mapping type A, and if LPT-RS is set to 2 or 4, the UE shall not transmit PT-RS. When a UE is scheduled to transmit PUSCH with allocation duration of 4 symbols with mapping type A, and if LPT-RS is set to 4, the UE shall not transmit PT-RS.

< Unchanged parts are omitted >
For codebook or non-codebook based UL transmission, the association between UL PT-RS port(s) and DM-RS port(s) is signalled by PTRS-DMRS association field in DCI format 0_1 .

For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on SRI(s). A UE may be configured with the PT-RS port index for each configured SRS resource by the higher layer parameter ptrs-PortIndex configured by SRS-Config. If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM-RS ports are associated to the one UL PT-RS port.

4
Remaining issues on SRS 

SRS resource sharing among different SRS resource set

 In the current RAN1 specification, no strict restriction would be found on SRS resource sharing among multiple SRS resource sets, but it is obvious that depending on SRS power control configuration given per SRS resource set, resource sharing could be limited due to the difference of transmission power. 

In a technical perspective, there would be no further issues on the configuration of SRS transmission power control, since gNB has a flexibility whether to optimize transmission power per SRS resource set, or to increase resource efficiency by configuring resource sharing among multiple SRS resource sets. But if an ambiguity is found for UE’s understanding, it would be O.K. to add some modification that UE does not allowed to be configured with common SRS resource among SRS resource sets with different value of transmission power configured. 

Proposal 4-1: No further optimization is needed to supported SRS resource sharing among multiple SRS resource set

Proposal 4-2: UE does not expect to be configured with common SRS resource(s) among SRS resource sets configured with different transmission power 
SRS port indexing
NR specifies that PUSCH transmit ports are selected from the association with SRS ports, therefore we are proposing to share the same port number between PUSCH and SRS.

In the current specification, the SRS port number is indexed within a SRS resource, and we have agreed to indexed 
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 as sequential order from . This is aligned with codebook-based UL transmission mode, however, it is not aligned with non-codebook based UL transmission mode. For non-codebook-based mode, PUSCH ports are selected from multiple SRS resources in a SRS resource set where each SRS resource is configured with only one SRS port. In this case all SRS ports is indexed as 1000. Upto 4 SRS resources can be configured, and all SRS ports in each SRS resource indexed as the same number, and hard to distinguish SRS ports when mapping to PUSCH port. This results in  a confliction between port indexing and mapping from SRS port indices to PUSCH port indices. 
Because using the same port implies the meaning of the same transmission filter/precoding etc, it is important to make it clear such port indexing. To clarify the conflicition, we are proposing the following update.  
Observation 4-1: The current 38.211 text on SRS port index is correct only for codebook-based transmission. There is misalignment with SRS port indexing for non-codebook-based transmission

Observation 4-2: For non-codebook based transmission, SRS ports in different SRS resources are always mapped to the same number of “1000” always. When more than one SRS resources are indicated by DCI, there is ambiguity to map SRS ports to PUSCH ports. 
Proposal 4-3: Use following SRS port indexing for codebook and non-codebook-based transmission mode
· For Codebook, SRS ports indexed as
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 where i is the index of a SRS port in a SRS resource (as in the current specification)

· For non-codebook, SRS ports indexed as 
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 where i the the index of a SRS resource in a SRS resource set. 

Proposal 4-4: Adopt the below proposed text on SRS port indexing in subclause 6.4.1.4.1 of TS38.211 and 6.1.1 of TS38.214.  
=========================== Text Proposal for TS38.211  ==============================

6.4.1.4.1 SRS resource
An SRS resource is configured by the SRS-Resource IE and consists of

-
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and where the number of antenna ports is given by the higher layer parameter nrofSRS-Ports
-
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 consecutive OFDM symbols given by the field nrofSymbols contained in the higher layer parameter resourceMapping

================================= Text Proposal for TS38.214 ===============================

6.1.1.1
Codebook based UL transmission

< Unchanged parts are omitted >
For codebook based transmission, the UE may be configured with a single SRS-ResourceSet set to 'codebook' and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. If aperiodic SRS is configured for a UE, the SRS request field in DCI triggers the transmission of aperiodidc SRS resources.
The UE shall transmit PUSCH using the same antenna port as the SRS port(s) in the SRS resource indicated by the DCI format 0_1, where the SRS antenna ports in a SRS resource are indexed as 
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.
When multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codebook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.
6.1.1.2
Non-Codebook based UL transmission
< Unchanged parts are omitted >
The UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the indicated SRI(s) given by DCI format 0_1, where the SRS port in SRS resource i is indexed as 
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For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS in SRS-ResourceSet for SRS resource set.

For non-codebook based transmission, the UE can be scheduled with DCI format 0_1 when at least one SRS resource is configured in SRS-ResourceSet with usage set to 'nonCodebook'.

< Unchanged parts are omitted >
5. Conclusion

 In this contribution, we have proposed several corrections of the specification about NR MIMO RS, especially for below items.

· DM-RS port indexing

· PT-RS patterns for MCS-C-RNTI

· SRS Resource Sharing

· SRS port mapping

Also several editorial correction have been proposed.
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