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1	Introduction
Maintenance for Rel-15 RS and QCL is provided.
[bookmark: _Ref178064866]2	Multiplexing of SSB and CSI-RS for CSI acquisition
This issue has been discussed for several meetings, and the specifications does not prevent a CSI-RS to be configured as FDM with symbols containing SSB while the overlapping PRB case is not clear currently. In the beam management case, there specification clarifies a restriction when QCL Type D is applicable. We suggest making the same clarification for CSI-RS for tracking and for acquisition. 
[bookmark: _Ref510185993][bookmark: _Toc510186041][bookmark: _Toc513801346][bookmark: _Toc513802377][bookmark: _Toc506553872][bookmark: _Toc506579622]When at least one of the OFDM symbols of a CSI-RS resource configured for CSI acquisition or for tracking then the UE can ignore a configuration with overlapping PRBs. The UE may further assume that the CSI-RS and the SS/PBCH block are quasi co-located with QCL-TypeD, when QCL-TypeD is applicable.
A text proposal implementing the proposal is as follows:
>>> Text proposal for Section 5.1.6.1 of 38.214 >>>
[bookmark: _Toc501048173]5.1.6.1	CSI-RS reception procedure
[bookmark: _Hlk513800861]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 CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in the 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.
If the UE is configured with a CSI-RS resource within a CSI-RS resource set that is configured without the higher layer parameter repetition then the UE may be configured with the CSI-RS resource in the same OFDM symbol(s) but in non-overlapping PRBs as an SS/PBCH block, and 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.
The UE is not expected to receive CSI-RS and [SystemInformationBlockType1] message in the overlapping PRBs.
>>> End text proposal >>>

3 DMRS
When LTE and NR co-exist on the same carrier, the NR UE can, if operating on 15 kHz subcarrier spacing, be informed about the position of the CRS using the RRC parameter lte-CRS-ToMatchAround . 
However, as can be seen in Figure 1, when an additional DMRS symbol is configured to the UE, it collides with CRS, leading to degraded performance. 
[image: ]
Figure 1 LTE CRS pattern (upper) and DMRS pattern when PDSCH ends in symbol 14, the additional DMRS is in symbol 12.
A remedy could be to schedule a PDSCH that stops in symbol earlier than 13, in which case the DMRS is moved to positions which do not collide with CRS. The drawback is then at least 15% loss in NR throughput for the FDD system, compared to nominal, which is not an acceptable solution, See Figure 2.
[image: ]
Figure 2 Scheduling of a short slot where PDCSH ends in symbol 12. The DMRS is then moved to symbol 10 according to TS 38.211. The last two symbols are then unused in the FDD system.
For DCI format 1_0 and before RRC configuration, two additional DMRS symbols are used and these will also collide with LTE CRS. However, in these cases which are rarely used, it can be acceptable to take the hit in overhead and schedule a PDSCH that ends in symbol 12.  For high capacity data transmissions on the other hand, it would be detrimental to NR performance in such coexistence scenario to take the 15% overhead on top of the already present LTE CRS overhead.  Hence, we propose to move the last DMRS symbol as follows:
Proposal: For PDSCH mapping Type A, when lte-CRS-ToMatchAround is configured and dmrs-AdditionalPosition=’pos1’, and single-symbol DMRS, then the DM-RS positions for PDSCH duration (as measured from the beginning of the slot) of 13 and 14 are l0,12 instead of the default l0,11
Hence, the DMRS is moved one symbol as in below figure:
[image: ]
Figure 3 The additional DMRS is moved to the 13th symbol in case the PDSCH duration is 13 or 14 OFDM symbols, for the single-symbol DMRS case. Note that PDSCH duration is measured from the start of the slot irrespectively of whether PDSCH mapping starts from the first symbol.

The associated TP to capture this is given below:
Start TP for 38.211, Section 7.4.1.1.2:
[bookmark: _Toc516767363]7.4.1.1.2	Mapping to physical resources
[unchanged sections omitted] 

The position(s) of the DM-RS symbols is given by  and 
-	for PDSCH mapping type A, the duration is between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot 
-	for PDSCH mapping type B, the duration is the number of OFDM symbols of the scheduled PDSCH resources as signalled
[bookmark: _Hlk512350165]and according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4. The case dmrs-AdditionalPositionequal to 3 is only supported when dmrs-TypeA-Position is equal to 2. For PDSCH mapping type A, duration of 3 and 4 symbols in Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 respectively is only applicable for dmrs-TypeA-Position equals 2. The value  equals 12 if the higher layer parameter lte-CRS-ToMatchAround is configured and 11 otherwise. 
[unchanged sections omitted]

Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
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End TP for 38.211, Section 7.4.1.1.2
4 CSI-RS
4.1 Issue on CSI-RS to PDSCH EPRE ratio
Current spec text in 38.214, Section 4.1
The downlink PDCCH EPRE is assumed as the ratio of the PDCCH EPRE to NZP CSI-RS EPRE and takes the value of 0 dB.
Problems:
· Text is incorrect as an EPRE is not a ratio
· It has only been agreed in RAN1 that a relation between PDCCH and CSI-RS applies to BFR
· Multiple NZP CSI-RS resources can be configured, the paragraph does not clarify which of them
· The paragraph does not belong to 4.1 since it describes an assumption the UE may make, not a power control setting 

Details:
In RAN1#91, the following agreement was made:
Agreement:
Introduce parameter PC-PDCCH which has a fixed value of 0dB and indicates the power offset of PDCCH and CSI-RS
Then in RAN1 NR AH1801, the following agreement was made:
Agreement:
Remove Pc-PDCCH from RRC parameter list for NZP-CSI-RS and add clarification on 0dB power offset between CSI-RS for beam failure detection and PDCCH DMRS
Finally, the following agreement was made in RAN1 #93
Agreements:
· For connected mode, no explicit EPRE offset between SSS and PDCCH is specified by RAN1 in Rel-15.
· Note: the EPRE offset between SSS and PDCCH may be implicitly derived from other parameters, e.g. power offset of SSB to NZP CSI-RS and power offset of NZP CSI-RS to PDCCH. This does not mandate any gNB behaviour.
We observe that a power offset between CSI-RS and PDCCH has been captured in 38.214 in Section 4.1.4 which describes the power allocation for the downlink. Our understanding of the intention of the above agreements was to allow the UE to make an assumption on the power offset for the purposes of computation of BLER on a hypothetical PDCCH in order to detect possible beam failure. The 0 dB offset was not meant to affect the actual power allocation for the downlink. We also note that the CSI framework includes the possibility to set the power offset between CSI-RS and PDSCH on a per CSI-RS resource basis. The RRC parameter controlling this is powerControlOffset. This flexibility is useless if the power offset between the PDCCH and any CSI-RS resource is fixed to 0dB in the standard and it will seriously limit the possible deployments of NR, such as heterogeneous deployments.
Therefore, we propose the following TP that replaces the sentence in current spec, and moves the sentence to Section 6 to resolve the above issues:< Start of text proposal for 38.214, Section 4.1>
The downlink PDCCH EPRE is assumed as the ratio of the PDCCH EPRE to NZP CSI-RS EPRE and takes the value of 0 dB.
< End of text proposal for 38.214 >
< Start of text proposal for 38.213, section 6>
The ratio of the PDCCH EPRE to NZP CSI-RS EPRE is assumed to be 0 dB, when used for calculation of hypothetical PDCCH BLER described in [11, TS 38.133] where the NZP CSI-RS resource and PDCCH DMRS are configured as either QCL Type-A or when Type-D is applicable, as QCL Type-D.
< End of text proposal for 38.213 >


4.2 Issue on PowerControlOffset
It is reported that there are conflicting descriptions on the definition/usage of Pc, i.e., powerControlOffset. For TRS (CSI-RS for tracking), Pc should be configured as described in Section 5.1.6.1.1 of 38.214:
[bookmark: _Hlk512448230]-	same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.
However, as currently captured in Section 5.2.2.3.1 in 38.214, Pc is applicable only when “UE derives CSI feedback”:
powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
To resolve the conflictions, it was proposed in RAN1#94 to remove the condition of “when UE derives CSI feedback” in the definition of powerControlOffset.
Text proposal for Section 5.2.2.3.1 in 38.214:
	< Start of text proposal >
-	powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
< End of text proposal >



A discussion point was whether this should also apply for TRS, however, using the Pc for TRS is not necessary as UE does not perform any CSI feedback on TRS. 
4.3 Discussion of CSI-RS without a configured functionality
In Chairman notes from RAN1#94, it is captured:
For further discussion until the next RAN1 meeting:
UE is not expected to be configured with NZP-CSI-RS resource(s) without functionality
· FFS on whether specification change is needed
For reference the following is provided for consideration until the next RAN1 meeting
A configured NZP-CSIRS resource falls under at least one of the cases below:
1) a NZP-CSI-RS resource is included in a configured NZP-CSI-RS resource set with a configured field “repetition” or “trs-info”
2) a NZP-CSI-RS resource is included in a configured NZP-CSI-RS resource set which is included by a configured CSI-ResourceConfig included in a configured CSI-ReportConfig
3) a NZP-CSI-RS resource is included in a configured “RadioLinkMonitoringRS” IE
4) a NZP-CSI-RS resource is included in a configured PUSCH-PathlossReferenceRS
5) a NZP-CSI-RS resource is included in a configured PUCCH-PathlossReferenceRS
6) a NZP-CSI-RS resource is included in a configured SRS-ResourceSet 
7) a NZP-CSI-RS resource is included in a configured "SRS-SpatialRelationInfo"

In our view, it is already described in the spec in the relevant sections what CSI-RS is used for. This would then be a “note” in the specifications, and this is something we don’t do in RAN1 specification.  A better resolution would be to capture in chairman notes that a “UE is not expected to be configured with NZP-CSI-RS resource(s) without functionality”
Proposal: Capture “UE is not expected to be configured with NZP-CSI-RS resource(s) without functionality” in chairman notes, as a RAN1 understanding of this issue
5	SRS
5.1	Description for DL CSI acquisition for T=R
The intention of the T = R case is to allow DL CSI acquisition without antenna switching, i.e., for UEs that declare that they are not capable of antenna switching. Considering reciprocity-based DL precoding to support MU-MIMO, this seems like quite fundamental functionality. Hence,
· Support of SRS transmission, without antenna switching, for DL CSI acquisition purpose crucial for NW performance
· Support of basic antenna switching (1T2R) will give a significant capacity boost and enable multi-layer transmission also in reciprocity-based operation
[bookmark: _Hlk522901548]So, if the intention is that even for a UE that is capable of antenna switching, the gNB is allowed to configure T = R (no antenna switching), then
· The FG name for 2-55, “SRS Tx switching”, is misleading, since it controls the configuration of SRS transmission for DL CSI Acquisition purpose, with or without actual antenna switching
We therefore propose
A UE can report support of Tx antenna switching (1T2R, 2T4R, 1T4R) or support of only SRS transmission without switching (T = R)
A UE supporting ‘T=R’ should be capable of sounding on a fixed (non-switched) set of antennas according to its reported capability in FG 2-53
Clarify that indicating ‘T=R’ implies sounding using the maximum number of ports/resource a UE supports (which may be a subset of Rx antennas). Note: this applies at least to UE classes which use the same antennas for Tx and Rx 

5.2	Correction for SRS for DL CSI Acquisition
In Section 6.2.1.2, the current text often causes confusion regarding the purpose of each separate paragraph. A simple fix is suggested below. We note that this same fix has been proposed by other companies in prior meetings. 

Clarify in Section 6.2.1.2 that each paragraph corresponds to a different antenna switching configuration.
The following text proposal implements this proposal:
>>> Text Proposal for 38.214 Section 6.2.1.2
[bookmark: _Toc517439521]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 ('1T2R', '2T4R', '1T4R', '1T4R/2T4R', or 'T=R'):
-	For 1T2R, 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
-	For 2T4R, 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
-	For 1T4R, 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
[bookmark: _GoBack][bookmark: _Hlk493885834]-	For 1T4R, 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, 
-	For T=R, 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.
>>> End Text Proposal >>>

6	QCL
Note to the editor: 38.214 refers to an RRC field name CORESET-ID. It is called controlResourceSetId in 331 and 38.214 needs to be updated accordingly. 
6.1 QCL source for PDSCH and PDCCH
In Section 7.4.1 of 38.211, the QCL source for PDSCH and PDCCH DMRS is stated to be SS/PBCH block in the absence of a CSI-RS configuration or unless otherwise configured. It is not clear which SS/PBCH block amongst several that may be transmitted is intended to be the source. Also, the condition on absence of CSI-RS is not clear – which CSI-RS? Furthermore, this type of default QCL relationship should not be covered in 38.211. It should be covered in 38.214 (for PDSCH) and 38.213 (for PDCCH) where QCL assumptions are fully described including how the QCL relationships are signaled (through TCI states) and what are the default QCL assumptions.

Remove the source QCL description for PDSCH and PDCCH DMRS from 38.211. This is adequately described in 38.214 already. 
A text proposal implementing this proposal is as follows:

>>> Text Proposal for Section 7.4.1 of 38.211 >>> 
7.4.1.1            Demodulation reference signals for PDSCH
>>> Text Omitted >>
In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx. The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain.
>>> Text Omitted >>
7.4.1.3            Demodulation reference signals for PDCCH
>>> Text Omitted >>
In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDCCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, when applicable, spatial Rx parameters.

>>> End Text Proposal >>>

6.2   Defining the term “when applicable” 
Currently, there is no way for the network to know whether a UE needs QCL Type D assistance or not. Hence, network doesn’t know when Type D is “applicable” and QCL type D assistance must therefore always be assumed and configured, even for UEs that doesn’t require such assistance, which leads to excessive RS and signaling overhead. 
If the UE indicates, using existing UE capability signaling for a certain band, that it does not support multiple beam switches in a slot or if it indicates that it does not support RX beam sweeping using CSI-RS resource with repetition of the same TX beam, then the network can assume that RS with QCL Type D need not be configured to the UE.
Hence, we propose that whether UE requires type D assistance is part of the UE capability signaling and we suggest one of the MIMO-ParametersPerBand field descriptions as follows to be discussed in UE capability discussions:
· FG 2-27: maxNumberRxTxBeamSwitchDL, add value ‘n1’ and if ‘’1’ is indicated, then the UE does not need to be configured with QCL Type D type of QCL source RS (no QCL type D assistance needed). If ‘’4”,”7” or “14” is indicated, then the UE should be configured with QCL Type D type of QCL source RS (QCL type D assistance needed)
and thus the following TP 214
>>> Start 38.214 Text Proposal >>>
5.1.5 Antenna ports quasi co-location 
The UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell, where M depends on the UE capability. Each TCI-State contains parameters for configuring a quasi co-location relationship between one or two downlink reference signals and the DM-RS ports of the PDSCH. The quasi co-location relationship is configured by the higher layer parameter qcl-Type1 for the first DL RS, and qcl-Type2 for the second DL RS (if configured). For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are to the same DL RS or different DL RSs. The quasi co-location types corresponding to each DL RS are given by the higher layer parameter qcl-Type in QCL-Info and may take one of the following values: 
- 'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread} 
- 'QCL-TypeB': {Doppler shift, Doppler spread} 
- 'QCL-TypeC': {Doppler shift, average delay} 
- 'QCL-TypeD': {Spatial Rx parameter}
A UE may assume that QCL-TypeD is applicable depending on the reported UE capability [12, TS 38.331].

>>> End Text Proposal >>>

6.3 Aperiodic CSI-RS as a QCL source
In RAN1#94, there was some discussion to introduce limitations on what types of CSI-RSs can be used as a QCL source. In particular, it was proposed to disallow the use of aperiodic CSI-RS as a QCL source. 
Introducing such limitations would be unfortunate. As an example, if aperiodic CSI-RS is used as a tool for the UE to adjust its Rx beam, it must be possible to use that as a QCL source: how could the UE otherwise rely on that CSI-RS to adjust its Rx beam? As another example, CSI-RS for CSI acquisition can be used as a QCL source. It is quite likely that the aperiodic version of CSI-RS is used for CSI acquisition.
However, since the NW may transmit the aperiodic CSI-RS using different physical antennas in different time instances, the QCL properties of the aperiodic CSI-RS may change with time. A natural clarification is that the UE may then assume that the target RS (e.g., the PDCCH DMRS) is QCL with the latest aperiodic CSI-RS.
When an aperiodic CSI-RS is used as a QCL source, the UE may assume that the target RS is QCL with the latest reception of the aperiodic CSI-RS. 
7 PT-RS
7.1 Issue 1
We made an agreement in RAN1#91 related to non-slot scheduling of length 2 and 4 and related to PT-RS.
· For 2-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is smaller than 1 when configured present
· For 4-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is equal to ¼ when configured present

 But this has been wrongly captured in 38.214. We suggest the following TP:
>>> Text Proposal for Section 6.2.3.1 of 38.214 >>> 
 […]
When a UE is scheduled to transmit PUSCH with allocation duration of 2 symbols with mapping type B 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 B A, and if LPT-RS is set to 4, the UE shall not transmit PT-RS.
>>> End Text Proposal >>>

7.2 Issue 2
For PT-RS, the text in 38.214 still indicates that more than one antenna port for PT-RS can be present. 
>>> Text Proposal for Section 5.1.6.3 of 38.214 >>> 
 […]
if either or both 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 antenna ports' presence and pattern is 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, Table 5.1.6.3-2 and Table 5.1.6.3-3
>>> End Text Proposal >>>


8 TRS
No essential corrections found.  
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