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Introduction
The following agreements have been reached in RAN1#90Bis and RAN1#91: 

Agreement:
When SS block and PDSCH are scheduled in the same symbols, DMRS and SS block can be in a same symbol.
Above applies at least for the case where DMRS and SS block are not overlapping in the frequency domain
[bookmark: _Hlk495360026]Above applies at least for the case where SS block and DMRS are spatially QCL-ed
Above applies at least for the case where the same subcarrier spacing is used for SS block and DMRS

Agreement:
Multiplexing schemes for TRS with DMRS/PDSCH/PDCCH/SS block follow the multiplexing schemes for CSI-RS with DMRS/PDSCH/PDCCH/SS block.

Agreement:
A CSI-RS resource can be configured on RBs outside CORESET in CORESET symbols from UE perspective.
Above applies at least for the case where PDCCH and CSI-RS are spatially QCL-ed, and FFS for multi-panel UEs
FFS: Use case when the above is applicable (ex: CSI reporting for wideband and partial band)
Note: CSI-RS BW discussion should be taken into account
Above at least applies for non-slot based cases
Above feature is supported for slot-based transmissions as well

Agreement:
A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
Above applies at least for the case where SS block and CSI-RS are spatially QCL-ed, FFS for multi-panel UEs. 
FFS: If non-QCLed, study UE’s behavior
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
Down select following alternatives:
Alt.1 Above applies for the cases: CSI-RS used for beam management and CSI acquisition
Alt.2 Above applies for the cases: CSI-RS only used for CSI acquisition
Alt.3 Above applies for the cases: CSI-RS only used for beam management
CSI-RS and SS-block multiplexing
It was agreed in RAN#91 that CSI-RS for BM can be FDMed with the PBCH in SS block, under the constraint that they will have the same SCS. 
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

In Section 5.1.6.1 (CSI-RS reception procedure) it was added in [1] that:
The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for CORESET.
which should be removed, because the agreement says that this applies for CSI-RS for beam management only.

Text proposal 1: Remove from Section 5.1.6.1 the sentence:
The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for CORESET.

Text Proposal 2: Update Section 5.1.6.1.2 as follows:
A UE may be configured to use the same OFDM symbols for a SS/PBCH block and a CSI-RS resource which has the higher-layer parameter CSI-RS-ResourceRep configured and is associated with a CSI Reporting Setting set to ‘CRI/RSRP’, when those are spatially quasi co-located and PRBs associated with CSI-RS are outside of PRBs configured for SSB/PBCH, and the same subcarrier is used for CSI-RS and the SS/PBCH block within a CC.
The UE may be configured to use the same OFDM symbols for the CSI-RS and SSB/PBCH when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for SSB/PBCH.
DMRS and SS-block multiplexing
The following agreement has been made in RAN1 #91 but has not been implemented in the specs:
Agreement:
· When SS block and PDSCH are scheduled in the same symbols, DMRS and SS block can be in a same symbol.
· Above applies at least for the case where DMRS and SS block are not overlapping in the frequency domain
· Above applies at least for the case where SS block and DMRS are spatially QCL-ed
· Above applies at least for the case where the same subcarrier spacing is used for SS block and DMRS

Note however, that based on the following working assumption, the numerology of PDCCH is allowed to be different that the numerology of SSB, and since PDCCH and PDSCH carrying RMSI have the same numerology, the latter can be FDMed with the SSB with a different numerology. 
Working assumption:
· The frequency offset in PRB level between RMSI CORESET and SS/PBCH block in the table is define as the frequency difference from the lowest PRB of RMSI to the lowest PRB of SS/PBCH block
· Note: The offset in subcarrier level between the edge of SS/PBCH block PRB and RMSI CORESET PRB grid is indicated by PRB grid offset (SSB-subcarrier-offset) in PBCH (5 bits for below-6GHz and 4 bits for above-6GHz)
· For each of the following combination of SS/PBCH SCS and RMSI CORESET SCS, the multiplexing patterns between SS/PBCH block and RMSI (CORESET and PDSCH), RMSI CORESET BW, RMSI CORESET duration, and PRB-level offset are jointly coded in a table using 4 bits of RMSI configuration in NR-PBCH.
· {SSB SCS, RMSI SCS} = {15, 15}, {15, 30}, {30, 15}, {30, 30}, {120, 60}, {120,120},{240, 60}, {240, 120}} kHz
· Definition for the multiplexing pattern tables SS/PBCH SCS and RMSI CORESET SCS
· “Pattern 1” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in different time instances, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET overlap
· “Pattern 2” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in different time instances, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET do not overlap
· “Pattern 3” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in the same time instance, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET do not overlap
 
Therefore, we make the following text proposal. 
[bookmark: _Hlk503525714][bookmark: _Hlk506305177]Text proposal 3: Add the following text in Section 5.1.6.2:
The UE may be scheduled PDSCH such that the same OFDM symbols for the DM-RS and a SS/PBCH block are used when those are spatially quasi co-located (when applicable), resource elements associated with DM-RS are outside of PRBs configured for SSB/PBCH and 
· for PDSCH not carrying RMSI, the same subcarrier spacing is used for PDSCH and the SSB/PBCH block within a CC, 
· otherwise, for PDSCH carrying RMSI, the subcarrier spacing used for PDSCH and the SSB/PBCH block within a CC may be the same or different.


CSI-RS on a CDM group with potential MU-MIMO ports
It has been agreed that DM-RS and CSI-RS are not supposed to collide from UE perspective, and the following text has been captured in 211 in Section 7.4.1.5.3:
The UE is not expected to receive CSI-RS and DM-RS on the same resource elements.
Yet, at the same time, in 38.214 in Section 5.1.6.2, the following text has been captured according to agreements:
A UE shall assume that the CDM groups indicated in the configured index from Table 7.3.1.2.2-1-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission, where “1”, “2” and “3” for the number of DMRS CDM group(s) in Table 7.3.1.2.2-1-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
Also, the PDSCH to DMRS EPRE depend on the number of CDM groups without data. Measurement of interference for demodulation purposes will be problematic when the following two occur concurrently:
· the UE is signaled in DCI that one or more CDM groups contain potential co-scheduled downlink DM-RS and no data transmission, 
· CSI-RS is received in those CDM groups.
since the UE is supposed to measure co-scheduled interference in those CDM groups with a specified PDSCH to DMRS EPRE ratio, whereas now CSI-RS is received in this symbol. To correct this problem, we propose the following minimal change in 38.214 Section 5.1.6.2:
Text Proposal 4 (Section 5.1.6.2, 38.214): A UE shall assume that the CDM groups indicated in the configured index from Table 7.3.1.2.2-1-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data or CSI-RS transmission, where “1”, “2” and “3” for the number of DMRS CDM group(s) in Table 7.3.1.2.2-1-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
CSI-RS and DM-RS on the same symbol
[bookmark: _Hlk506545650]It has been agreed that a UE does not expect to receive CSI-RS and DM-RS on the same resource elements. 
However, this may have the following interpretations:
· CSI-RS and DM-RS are always on different OFDM symbols, and therefore the resource elements do not collide
· CSI-RS and DM-RS may be on the same OFDM symbol but different PRB, and therefore the resource elements do not collide
· CSI-RS and DM-RS may be on the same OFDM symbol and same PRB, but different resource elements, and therefore collision is avoided.
It is clear that each one has a different complexity involved, so we propose to introduce a UE capability to differentiate between the following three capabilities:
· Mandatory capability without capability signalling: A UE only supports DM-RS and CSI-RS on different OFDM symbols.
· Optional capabilities: 
· A UE supports CSI-RS and DM-RS on the OFDM symbol in different PRBs.
· A UE supports CSI-RS and DM-RS on the same PRB and OFDM symbol with non-colliding resource elements.

Proposal 1: Introduce a UE capability to differentiate the following three with respect to DM-RS and CSI-RS multiplexing:
· A UE only supports receiving DM-RS and CSI-RS on different OFDM symbols per CC. 
· Mandatory capability without capability signalling
· A UE additionally supports receiving CSI-RS and DM-RS on same OFDM symbols but in different PRBs per CC.
· Optional
· A UE additionally supports receiving CSI-RS and DM-RS on the same PRB and OFDM symbol with non-colliding resource elements per CC.
· Optional

On the PTRS collision with CORESET
Based on the current 38.211, a PT-RS RE is punctured if it collides with a configured CORESET as:
	
If present, the UE shall assume the PDSCH PT-RS being mapped to resource elements  according to


[bookmark: _Hlk500883235]when all the following conditions are fulfilled

-	 is within the OFDM symbols allocated for the PDSCH transmission

-	resource element  is not used for DM-RS, CSI-RS, SS/PBCH, or by a configured CORESET



We find it unnessary to punctured the PT-RS in the CORESET RBs scheduled for PDSCH; as (i) grant level rate matching is supported; and reducing the number of PT-RS tones may lead to performance degradation due to larger phase tracking errors . Therefore we have the following proposal. 
Text proposal 5: PT-RS is not punctured over the CORESET but rather than on the RBs colliding with PDCCH. We propose the following text change in 38.211:
	
resource element  is not used for DM-RS, CSI-RS, SS/PBCH, or by a configured CORESET is not declared as not available for PDSCH due to a detected PDCCH in a CORESET that scheduled the PDSCH or a configured CORESET.


SRS & PUSCH in a slot
When it comes to PUSCH and SRS, in 38.211, it is added that the PUSCH will be rate matched due to SRS collision. There has not been any such agreement, and therefore it should be removed.
Note, already 38.214 captures the agreement from RAN1 #AH3 that: 

“When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS”

Therefore, there is no scenario that PUSCH’s allocation and SRS allocation are colliding. Therefore we propose:


Text Proposal 6 (Section 6.3.1.6, 38.211): mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission, and
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, or SRS, or DM-RS intended for other co-scheduled UEs as described in clause 6.4.1.1.3
Conclusions 
Text proposal 1: Remove from Section 5.1.6.1 the sentence:
The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for CORESET.
Text Proposal 2: Update Section 5.1.6.1.2 as follows:
A UE may be configured to use the same OFDM symbols for a SS/PBCH block and a CSI-RS resource which has the higher-layer parameter CSI-RS-ResourceRep configured and is associated with a CSI Reporting Setting set to ‘CRI/RSRP’, when those are spatially quasi co-located and PRBs associated with CSI-RS are outside of PRBs configured for SSB/PBCH, and the same subcarrier is used for CSI-RS and the SS/PBCH block within a CC.
Text proposal 3: Add the following text in Section 5.1.6.2: The UE may be scheduled PDSCH such that the same OFDM symbols for the DM-RS and a SS/PBCH block are used when those are spatially quasi co-located (when applicable), resource elements associated with DM-RS are outside of PRBs configured for SSB/PBCH and 
· for PDSCH not carrying RMSI, the same subcarrier spacing is used for PDSCH and the SSB/PBCH block within a CC, 
· otherwise, for PDSCH carrying RMSI, the subcarrier spacing used for PDSCH and the SSB/PBCH block within a CC may be the same or different.

Text Proposal 4 (Section 5.1.6.2, 38.214): A UE shall assume that the CDM groups indicated in the configured index from Table 7.3.1.2.2-1-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data or CSI-RS transmission, where “1”, “2” and “3” for the number of DMRS CDM group(s) in Table 7.3.1.2.2-1-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
Text proposal 5 (Section 7.4.1.2.2, 38.211): PT-RS is not punctured over the CORESET but rather than on the RBs colliding with PDCCH. We propose the following text change in 38.211:
	
resource element  is not used for DM-RS, CSI-RS, SS/PBCH, or by PDCCH in a configured CORESET



Proposal 1: Introduce a UE capability to differentiate the following three with respect to DM-RS and CSI-RS multiplexing:
· A UE only supports receiving DM-RS and CSI-RS on different OFDM symbols per CC. 
· Mandatory capability without capability signalling
· A UE additionally supports receiving CSI-RS and DM-RS on same OFDM symbols but in different PRBs per CC.
· Optional
· A UE additionally supports receiving CSI-RS and DM-RS on the same PRB and OFDM symbol with non-colliding resource elements per CC.
· Optional



Text Proposal 6 (Section 6.3.1.6, 38.211): mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission, and
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, or SRS, or DM-RS intended for other co-scheduled UEs as described in clause 6.4.1.1.3
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