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1
Introduction
In this contribution, we are providing our technical and editorial proposals on DL/ULreference signals.
2
Remaining issues on RS Multiplexing 

2.1 Multiplexing of CSI-RS and SS/PBCH block
When beamforming is used with a number of beams (e.g. more than 8 beams), there is not so enough opportunity to transmit multiple CSI-RSs with beamforming, and to improve the system capacity, multiplexing with SSB slot is very much beneficial. When receiving TRS, receiving SSB may be less significant than receiving TRS. In addition, as we have proposed in Section 7, multiplexing TRS and SSB is required when narrower UE beams are used for PDSCH transmission. Thus, we are proposing to remove the restriction for multiplexing CSI-RS and SSB in the same OFDM symbols with non-overlapping PRBs. 

Proposal 2-1: Allow CSI-RS for CSI acquisition/tracking and an SS/PBCH block to be multiplexed in the same OFDM symbol, but with non-overlapping PRBs. 

================= Text proposal for TS38.214 ===========================

5.1.6
UE procedure for receiving downlink reference signals

5.1.6.1
CSI-RS reception procedure

The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation, L1-RSRP computation and mobility.

If the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).
If the UE is configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in REs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.
The UE is not expected to receive CSI-RS and [SystemInformationBlockType1] message in the overlapping PRBs in the OFDM symbols where [SystemInformationBlockType1] is transmitted.

< Unchanged parts are omitted >
5.1.6.1.2
CSI-RS for L1-RSRP computation

If a UE is configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'on', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS-ResourceSet are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in periodicityAndOffset in every CSI-RS resource within the set. If repetition is set to 'off', the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter.

If the UE is configured with a CSI-ReportConfig with reportQuantity set to "cri-RSRP", or "none" and if the CSI-ResourceConfig for channel measurement (higher layer parameter resourcesForChannelMeasurement) contains a NZP-CSI-RS-ResourceSet that is configured with the higher layer parameter repetition  and without the higher layer parameter trs-Info, the UE can only be configured with the same number (1 or 2) of ports with the higher layer parameter nrofPorts for all CSI-RS resources within the set. 
< Unchanged parts are omitted >
================= End of Text proposal  ===========================

2.2 Multiplexing of DM-RS and SS/PBCH block

In the current specification, there is one restriction that DM-RS and SS/PBCH block can be multiplexed in the same OFDM symbol only when they are spatially QCLed. Assume that only one SSB is QCLed with the DM-RS for PDSCH transmiss, the opportunity of PDSCH transmission in SS/PBCH blocks is reduced seriously. In addition, the slots with SS/PBCH blocks may have two SS/PBCH occasions, and one of them may not be QCLed with the DM-RS. This gives two serious impact to NR system performance.

First, it degrades overall spectrum utilization low because many PRBs in the same OFDM symbols with SS/PBCH are likely to be empty due to the restriction.
Second, there is serious problem when scheduling packets of a time-sensitive URLLC service, and it is necessary to wait until QCLed SSB occasion comes (upto 5ms). Though we can use mini-slot in some case, they are vey marginal, and even for the consideration of RX beam switching requirement, the usage of the remaining OFDM symbols can be limited. 

In general, based on UE’s report, Newtork can determine if a SS/PBCH block is required to be measured or not. If SS/PBCH blocks in a slot are out of interest for a UE’s operation, it is natural to use the slot for data transmission of the UE. This can be easily implemented with “TRP with digital beamforming” or “multi-panel TRP with hybrid beamforming”. 

In UE’s operation aspect, if a UE is scheduled a PDSCH in the OFDM symbol having SS/PBCH block which is not spatially QCLed with the PDSCH, the UE may receive PDSCH and it is not necessary to receive SS/PBCH block. The table 2-1 shows the example operation of UE according to QCL assumption and UE capability.
Table 2-1. UE operation when DM-RS and SS/PBCH are received in the same OFDM symbols.

	UE Capability
	DM-RS and SS/PBCH are QCLed with type D
	DM-RS and SS/PBCH are not QCLed with type D

	Single panel UE
	Receive DM-RS and SS/PBCH
	Receive DM-RS only

	Multi-panel UE
	Receive DM-RS and SS/PBCH
	Receive DM-RS and SS/PBCH


Proposal 2-2: Allow DM-RS and an SS/PBCH block to be multiplexed in the same OFDM symbol, but with non-overlapping PRBs, and the UE prioritize PDSCH reception. 

================= 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
< Unchanged parts are omitted >
If the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may receive the DM-RS for PDSCH, and the UE may or may not receive SS/PBCH block according to UE’s capability. Furthermore, the UE shall not expect to receive DM-RS in resource elements that overlap with those of the SS/PBCH block, and the UE can expect that the same or different subcarrier spacing is configured for the DM-RS and SS/PBCH block in a CC except for the case of 240 kHz where only different subcarrier spacing is supported.

================= End of Text proposal  ===========================

3
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. 
The details on the issue and the text change on UL MIMO scheme are provided in [1].

Proposal 3-1: 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 3-2: 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 3-3: 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 3-4: Adopt the below proposed text on UL DMRS port mapping which are missed in the specification.  
=========================== Text Proposal for TS38.211   ==============================

6.4.1.1.3
Precoding and mapping to physical resources 

The sequence 
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< Unchanged parts are omitted >

The intermediate quantity 
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 shall be precoded, multiplied with the amplitude scaling factor [image: image76.wmf]DMRS
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 in order to conform to the transmit power specified in [6, TS 38.214], and mapped to physical resources according to
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where 

-
the precoding matrix 
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 is given by clause 6.3.1.5, 

-
the set of antenna ports 
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-
the set of antenna ports [image: image80.wmf]{
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 is given by [4, TS 38.212];

< Unchanged parts are omitted >

=========================== 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: image81.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 >

4
Remaining issues on PT-RS 

We are proposing to update the current text to reflect New MCS table 3 introduced during RAN1 #93. 

In addition, some editorial corrections have been provided.  

· Remove redundant text

· Simplify ambiguous text

Proposal 4-1: 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 >
-
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

< Unchanged parts are omitted >
The higher layer parameter PTRS-DownlinkConfig provides the parameters ptrs-MCSi, i=1,2,3 and with values in range 0-29 when MCS Table 5.1.3.1-1 or MCS Table 5.1.3.1-3 is configured and 0-28 when MCS Table 5.1.3.1-2 is configured, respectively. ptrs-MCS4 is not explicitly configured by higher layers but assumed 29 when MCS Table 5.1.3.1-1 or MCS Table 5.1.3.1-3 is configured and 28 when MCS Table 5.1.3.1-2 is configured, respectively. The higher layer parameter frequencyDensity in PTRS-DownlinkConfig provides the parameters NRBi i=0,1 with values in range 1-276.

< Unchanged parts are 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 MCS Table 5.1.3.1-1 and Table 5.1.3.1-3, and V=27 for MCS Table 5.1.3.1-2 respectively, the UE shall assume the PT-RS time-density is the same as the time-density used for initial transmission of the transport block. 
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 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 >
The higher layer parameter PTRS-UplinkConfig provides the parameters ptrs-MCSi, i=1,2,3 and with values in 0-29 when MCS Table 5.1.3.1-1 or MCS Table 5.1.3.1-3 is configured and 0-28 when MCS Table 5.1.3.1-2 is configured, respectively. ptrs-MCS4 is not explicitly configured by higher layers but assumed 29 when MCS Table 5.1.3.1-1 or MCS Table 5.1.3.1-3 is configured and 28 when MCS Table 5.1.3.1-2 is configured. The higher layer parameter PTRS-UplinkConfig provides the parameters NRBi i=0,1 with values in range 0-276. 

If the higher layer parameter PTRS-UplinkConfig indicates that the time density thresholds ptrs-MCSi = ptrs-MCSi+1, then the time density LPTRS of the associated row where both these thresholds appear in Table 6.2.3.1-1 is disabled. If the higher layer parameter frequencyDensity in PTRS-UplinkConfig indicates that the frequency density thresholds NRB,i = NRB,i+1, then the frequency density KPTRS of the associated row where both these thresholds appear in Table 6.2.3.1-2 is disabled.

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.

When a UE is scheduled to transmit PUSCH for retransmission, if the UE is scheduled with IMCS > V, where V = 28 for MCS table 5.1.3.1-1 and Table 5.1.3.1-3, and V = 27 for MCS table 5.1.3.1-2, respectively, the UE shall assume the PT-RS time-density determination is the same as the PT-RS time density used for  the initial transmission of the transport block. 

The maximum number of configured PT-RS ports is given by the higher layer parameter maxNrofPorts in PTRS-UplinkConfig. The UE is not expected to be configured with a larger number of UL PT-RS ports than it has reported need for.
If a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL PT-RS ports to be configured as one if UL-PTRS is configured..

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.

For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or TRI in DCI format 0_1:

-
if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI as:

-
SRS port 0 and 2 in indicated TPMI share PT-RS port 0, and SRS port 1 and 3 in indicated TPMI share PT-RS port 1.

-
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.

5
Remaining issues on SRS 

In NR, gNb configure BWPs within each CC, and most channel/RS configured within active BWP. For the UE clearly understand the frequency location of resources configured for channel/RS, the location of each configured resource should be indicated by utilizing PRB index which is defined within BWP, or be described according to common resource grid.

For example, frequency location of CSI-RS is indicated according to common resource as shown below in Subclause 7.4.1.5.3 of [TS 38.211] 


[image: image82.png]=7.4.153 Mapping to physical resources.

For each CSIRS configured, the UE shall assume the sequence 7() being mapped to resources elements (K.1),,,

according to «

a5 = Bosms we (k) w '),

:{Zp for X>1
n=01
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- the resource element (k.1),,,, is within the resource blocks occupied by the CSIRS resource for which the
UE is configured

The reference point for k= 0 is subcarrier 0 in common resource block 0.




According to the same reason, we suggest to clearly describe whether the value of index [image: image84.png]Nghife



 which indicates the starting location of SRS is counted as difference from common resource block 0 or from PRB=0 which means resource block of lowest frequency within PRB. 
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<Figure 1. Two possible way of understanding [image: image87.png]Nghife
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Considering that all other parameters related to determine resource block location of SRS is a multiple of 4 and the purpose of [image: image90.png]Nghife



 is to adjusts the SRS allocation to align with the common resource block grid in multiples of four, [image: image92.png]Nghife



 would be always a multiple four if it is referred from the common resource block 0. To be better aligned with related description of high layer parameter freqDomainShift in the SRS-Config IE, we suggest [image: image94.png]Nghife



 to be counted from PRB=0.
Proposal 5-1: Adopt the below proposed text on SRS resource mapping in Subclause 6.4.1.4.3 of TS38.211.  
------------------------------Text proposal on Subclaus 6.4.1.4.3 in [TS38.211]--------------------------------------
< Unchanged parts are omitted >
The frequency-domain starting position 
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The frequency domain shift value 
[image: image98.wmf]shift
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 adjusts the SRS allocation to align with the common resource block grid in multiples of four and is contained in the higher-layer parameter freqDomainShift in the SRS-Config IE. [image: image100.png]Nghife



 is PRB with [image: image102.png]


. The transmission comb offset 
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 is contained in the higher-layer parameter transmisisonComb in the SRS-Config IE and 
[image: image104.wmf]b
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 is a frequency position index.

< Unchanged parts are omitted >
--------------------------------------------------- End of Text Proposal -----------------------------------------------
6
Remaining issues on TRS 

6.1 TRS burst length X=1 for FR1

Beamforming is not only applied to FR2, and new bands specified in FR1 (e.g. n77/78, n79 etc) have to be deployed with higher beamforing antenna gain. NR is also supporting upto 8 SSB beams for FR1 above 3GHz carrier frequency. In this frequency region, in addition to upto 8 SSB beams, it is also considered to use more than 8 beams for UE beams with narrower beam width than SSB beams. 

In fact, FR1 and FR2 are the terminology for spectrum related, and we have other classification when we desiging SS/PBCH block pattern, which are 

· carrier frequencies smaller than or equal to 3 GHz
· carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz
· carrier frequencies larger than 6 GHz
	TS38.213 Subclause 4.1 Cell search

-  Case A - 15 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes of {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.

-
Case B - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies smaller than or equal to 3 GHz, n=0. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1.

-
Case C - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.

-
Case D - 120 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.

-
Case E - 240 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.




Beamforing reduces the FDM opportunities for user multiplexing, and TDM is promising to be used for efficient scheduling. When TRS is used for FR1, the two consecutive slots containing TRS should be scheduled to the same UE, this restriction may result in low scheuduling flexibility. Because time slot length in FR1 is relatively longer compared to FR2, assign two consecutive slots in DL generates big restriction for TRS scheduling when multiple beams are being used. (multiple two DL slot-pairs have to be transmitted for multiple beams.) 

In addition, even TRS is configured for UE-specific manner, in many case, TRS resource may be common to all UEs sharing beams for the purpose of reducing overhead. In this case, it is general to set TRS for all beams may be preconfigured and to be transmitted like a common channel. In that aspect, TRS is good to be multiplexed within SSB slots spatially QCLed with the corresponding TRS. As shown in figure 6-1, the consecutive SSB slots may have different spatial beams and hard to be used for TRS transmission. 

[image: image105]
Figure 6-1. Example of multiplexing of SSB and TRS with various parameters in Case C SSB pattern. (Assumes different beam with different color)

Observation 6-1: TRS burst length X=2 limits the scheduling flexibility when deployed with multi-beams.

· Limited scheduling flexibility with some TDD frame configuration

· No opportunity to be multiplexed with SSB slots (for QCL assumption)

 In fact, there are many similarities between FR1 and FR2 when beamforming is applied. Due to beamforming, relatively low delay spread is expected, and enough frequency domain combining gain can be obtained instead of time domain combining. 

Thus, for increasing spectral efficiency and scheduling flexibility with multi-beam based system, TRS pattern with burst length X=1 for FR1 is necessary when a number of beams are used.

Observationn 6-2: Support TRS burst length X=1 for FR1 at least for carrier frequency larger than 3GHz is beneficial to increase the spectrum utilization for beamformed system. 
6.2 TRS symbol position for FR1

With the same reasoning of the previous discussion, in order to facilitate flexible utilization of resource for TRS, similar level of freedom in TRS symbol location is required. Especially for multiplexing SSB and TRS in a slot, other postions are better adequatable than the existing patterns. 
Even with X=1, only {6,10} pattern can be used without violation of QCL-typeD assumption. 

As shown in figure 6-1, postions other than {4, 8}, {5,9} or {6,10} are beneficial to be adoped with multiple beams. Especially, {2,6} and {7,11} are showing better shape when considering switching time between beams. 
Proposal 6-1: Re-define the condition for TRS design from whether FR1 or FR2 to whether carrier frequency is larger than 3GHz or not, and adopt the following text proposal. 
· Note: the above applies at least when TRS is transmitted in SSB slots. 

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

5.1.6.1.1
CSI-RS for tracking
A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.

For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same. For carrier frequency is smaller than or equal to 3GHz , the UE may be configured with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. Otherwise, the UE may be configured with a NZP-CSI-RS-ResourceSet of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. 

< Unchanged parts are omitted >
Each CSI-RS resource, defined in Subclause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource with the following restrictions:

-
the time-domain locations of the two periodic CSI-RS resources in a slot, or of the four periodic CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of
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 for carrier frequency larger than 3GHz.

-
a single port CSI-RS resource with density 
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 given by Table 7.4.1.5.3-1 from [4, TS 38.211] and higher layer parameter density configured by CSI-RS-ResourceMapping.
-
the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 and 
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-
the UE is not expected to be configured with the periodicity of 
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 slots if the bandwidth of CSI-RS resource is larger than 52 resource blocks.

-
the periodicity and slot offset, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of 
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slots where 
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10, 20, 40, or 80 ms and where µ is defined in Subclause 4.3 of [4, TS 38.211]. 

-
same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.
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