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Introduction
In this contribution, we discuss the remaining issues on CSI-RS, DMRS, PT-RS, SRS, and multiplexing of different types of RSs. Based on the discussion, we also provide several text proposals.

Discussion on CSI-RS design
CSI-RS bandwidth configuration
In the previous #92bis meeting, it was agreed that minimum bandwidth of a CSI-RS resource is the minimum of 24 RBs and the corresponding BWP size, i.e., , and the CSI-RS bandwidth is configured with the initial RB index (startingRB) and the number of RBs (nrofRBs) occupied by a CSI-RS resource according to the following rule, which is captured from 5.2.2.3.1 of TS 38.214 [1].
	If  the UE shall assume that the initial CRB index of the CSI-RS resource is , otherwise . If , the UE shall assume that the bandwidth of the CSI-RS resource is , otherwise . In all cases, the UE shall expect that .


According to the current rule, however,  cannot be greater than or equal to  in case of  and . Figure 1 shows an illustrative example assuming the higher layer parameter that , , , and . In this case, , and then CSI-RS bandwidth is configured as . This is obviously less than .
To address this issue, we have the following text proposal on section 5.2.2.3.1 of TS 38.214.
	< Unchanged parts are omitted >
If , or if  and   the UE shall assume that the initial CRB index of the CSI-RS resource is , otherwise . If , the UE shall assume that the bandwidth of the CSI-RS resource is , otherwise . In all cases, the UE shall expect that .
	< Unchanged parts are omitted >	


[image: C:\Users\admin\Desktop\minimum_CSIRRSZ.png]
Figure 1. An illustrative example for bandwidth configuration for a CSI-RS resource 

Range of the first OFDM symbol index
In TS 38.331, the value range of the higher layer parameter firstOFDMSymbolInTimeDomain in the CSI-RS-ResourceMapping IE is specified as an integer between 0 and 13, but this is specified in TS 38.211 as  which seems a typing error. We provide the following text proposal to address this issue.
	< Unchanged parts are omitted >
The time-domain locations  and  are provided by the higher-layer parameters firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2, respectively, in the CSI-RS-ResourceMapping IE and defined relative to the start of a slot.
< Unchanged parts are omitted >



Discussions on DMRS
[bookmark: _GoBack]In the current TS38.214 [1], there is typo in the equation for the DM-RS scaling factor, which is derived from the ratio of PxSCH EPRE to DM-RS EPRE. The DM-RS scaling factor in the current TS38.214 [1], i.e., , needs to be modified to or . There are the same issue in PT-RS scaling factor and we provide the following text proposal considering commonality with text proposal for PT-RS scaling factor in section 4.
Text proposals on TS 38.214
4.1 Power allocation for downlink

The gNodeB determines the downlink transmit EPRE.
---- Unchanged parts omitted ---


For downlink DM-RS associated with PDSCH, the UE may assume the ratio of DM-RS EPRE to PDSCH EPRE to DM-RS EPRE (1/[dB]) is given by Table 4.1-1 according to the number of DM-RS CDM groups without data as described in Subclause 5.1.6.2. The DM-RS scaling factor  specified in Subclause 7.4.1.1.2 of [4, TS 38.211] is given by .

Table 4.1-1: The ratio of DM-RS EPRE to PDSCH EPRE to DM-RS EPRE ()
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB


---- Unchanged parts omitted ---

6.2.2	UE DM-RS transmission procedure
---- Unchanged parts omitted ---

For uplink DM-RS with PUSCH, the UE may assume the ratio of DM-RS EPRE to PUSCH EPRE to DM-RS EPRE ( [dB]) is given by Table 6.2.2-1 according to the number of DM-RS CDM groups without data. The DM-RS scaling factor  specified in subclause 6.4.1.1.3 of [4, TS 38.211] is given by ..
Table 6.2.2-1: The ratio of DM-RS EPRE to PUSCH EPRE to DM-RS EPRE ()
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB



Discussions on PT-RS


In accordance with RAN plenary guidance (in RP-172108), the specification components related to multi-TRP operation which are DMRS port groups, 2 DL PTRS ports and related procedures have been removed from TS38.214 [1]. In this progress, relationship between  and  disappeared in section 4.1. Accordingly, we propose the following TP:

Text proposals on TS38.214
4.1 Power allocation for downlink

The gNodeB determines the downlink transmit EPRE.
---- Unchanged parts omitted ---

When the UE is scheduled with PT-RS ports associated with the PDSCH and when the PT-RS port is associated to  DM-RS ports, 




-	if the UE is configured with the higher layer parameter epre-Ratio, the ratio of PT-RS EPRE to PDSCH EPRE per layer per RE for PT-RS port () is given by Table 4.1-2 according to the epre-Ratio, the PT-RS scaling factor specified in subclause 7.4.1.2.2 of [4, TS 38.211] is given by.
-	otherwise, the UE shall assume epre-Ratio is set to state '0' in Table 4.1-2 if not configured.


Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE () 
	epre-Ratio
	The number of PDSCH layers

	
	1
	2
	3
	4
	5
	6

	0
	0
	3
	4.77
	6
	7
	7.78

	1
	0
	0
	0
	0
	0
	0

	2
	reserved

	3
	reserved



Discussions on SRS
In the current TS38.214 section 6.1.2.1, SRS configuration for antenna switching is described. In the antenna switching configuration, multiple SRS resources can exist in a SRS resource set for 1T2R, 2T4R, 1T4R, and T=R. These multiple SRS resources in each SRS resource set should be transmitted in different symbols as described in the current specification. On the other hand, there is no restriction on the other higher layer parameters given by SRS-Resource between SRS resources in the same set, e.g., transmission comb value, SRS bandwidth, frequency hopping pattern. However, in terms of antenna switching for DL CSI acquisition, multiple SRS resources in the same SRS resource set, which is transmitted on the same slot, should have at least same SRS bandwidth on the frequency domain to be measured by gNB as reciprocal channel quality of multiple antenna ports at the same time. Additionally, inter-slot hopping pattern of multiple SRS resources in the same SRS resource set should be the same for the same reason. Thus, the sentence below should be added for the antenna switching configuration.

Text proposal on TS38.214 section 6.1.2.1:
-------------------------------------------------------------------------------------------------------------------------------
If the indicated UE capability is '1T2R', '2T4R', '1T4R', '1T4R/2T4R', the UE shall not expect to be configured with SRS resources, in the same SRS resource set, with different values of higher layer parameters freqDomainPosition, freqDomainShift, freqHopping, groupOrSequenceHopping across the SRS resources.
-------------------------------------------------------------------------------------------------------------------------------

Also, there are some typos on the current TS38.214. Therefore, we propose TP including the issue mentioned above as below.

Text proposals on TS38.214
[bookmark: _Toc517439518]6.2	UE reference symbol (RS) procedure
[bookmark: _Toc517439519]6.2.1 UE sounding procedure
---- Unchanged parts omitted ---
The following SRS parameters are semi-statically configurable by higher layer parameter SRS-Resource.
-	srs-ResourceId determines SRS resource configuration identify.
[bookmark: _Hlk512512251]-	Number of SRS ports as defined by the higher layer parameter nrofSRS-Ports and described in Subclause 6.4.1.4 of [4, TS 38.211].
-	Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter SRS- resourceType, which can be periodic, semi-persistent, aperiodic SRS transmission as defined in Subclause 6.4.1.4 of [4, TS 38.211].
---- Unchanged parts omitted ---
-	Defining frequency domain position and configurable shift to align SRS allocation to 4 PRB grid, as defined by the higher layer parameters freqDomainPosition and freqDomainShift, respectivelyrespectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].
---- Unchanged parts omitted ---
In case of intra-band carrier aggregation, Aa UE shall not transmit simultaneously SRS resource(s) and PRACH. 
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching,' and a guard period of Y symbols is configured according to Subclause 6.2.1.2, the UE shall use the same priority rules as defined above during the guard period as if SRS was configured.
[bookmark: _Toc517439520]6.2.1.1 UE SRS frequency hopping procedure
---- Unchanged parts omitted ---
[bookmark: _Toc517439521]6.2.1.2 UE sounding procedure for DL CSI acquisition
---- Unchanged parts omitted ---
[bookmark: _Hlk493885834]-	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 slotOffsetslottOffset 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 YY 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 '1T4R/2T4R,' 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 '1T2R', '2T4R', '1T4R', '1T4R/2T4R', the UE shall not expect to be configured or triggered with more than one SRS resource set in the same slot. If the indicated UE capability is 'T=R,' the UE shall not expect to be configured or triggered with more than one SRS resource set in the same symbol.
If the indicated UE capability is '1T2R', '2T4R', '1T4R', '1T4R/2T4R', the UE shall not expect to be configured with SRS resources, in the same SRS resource set, with different values of higher layer parameters freqDomainPosition, freqDomainShift, freqHopping, groupOrSequenceHopping across the SRS resources.
The value of Y is defined by Table 6.2.1.2-1.

[bookmark: _Toc517439522]6.2.1.3	UE sounding procedure between component carriers
---- Unchanged parts omitted ---
For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall not transmit a periodic/semi-persistent type 0 SRS whenever periodic/semi-persistent SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL) on the carrier of the serving cell and PUSCH transmission carrying aperiodic CSI happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in the SRS_capability [13, TS 38.306]. 
---- Unchanged parts omitted ---
For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeA', and given by SRS-CarrierSwitching, without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells in the indicated set of serving cells configured by higher layers, where the UE in each serving cell transmits the configured one or two SRS resource set(s) with higher layer parameter SRS-SetUse set to 'antenna switching' and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'.  
For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB', and given by SRS-CarrierSwitching, without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI, and the UE in each serving cell transmits the configured one or two SRS resource set(s) with higher layer parameter SRS-SetUse set to 'antenna switching' and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'.
---- Unchanged parts omitted ---

Discussions on multiplexing of different types of RSs
In RAN1 #91 meeting, it was agreed that a CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
	Agreement
A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
Above applies for the case where SS block and CSI-RS are spatially QCL-ed 
Note: CSI-RS BW discussion should be taken into account. If beam management is agreed, the requirement on minimum BW for CSI acquisition and beam management may be different. 
Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS
Above applies for the cases: CSI-RS only used for beam management


According to this agreement, a CSI-RS resource and SS/PBCH block cannot be configured on the same RB, i.e., RB-level FDM is possible. However, it is captured in the current specification that “the UE shall not expect to be configured with the CSI-RS in REs that overlap with those of the SS/PBCH block”, which needs to be changed to be RB-level as in the agreement as well as to be aligned to the similar description on CSI-RS and CORESET in 5.1.6.1 of TS 38.214. Thus, we suggest the following text proposal on 5.1.6.1.2 of TS 38.214.

Text proposals on TS38.214
	< Unchanged parts are omitted >
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 PRBs 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.
< Unchanged parts are omitted >



Conclusion
In this contribution, we discussed the remaining issues on CSI-RS, DMRS, PT-RS, SRS, and multiplexing of different types of RSs, and provided several text proposals.
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