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Key remaining issues for RS multiplexing
Key issue: Multiplexing for DMRS
Issue 1: DMRS and SS Block
Following agreement is not captured in 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


One of Text proposal is provided in R1-1800888------------------------------
The UE may be scheduled PDSCH such that the same OFDM symbols for the DM-RS and SSB/PBCH are used only when those are spatially quasi co-located, resource elements associated with DM-RS are outside of PRBs configured for SSB/PBCH and the same subcarrier spacing is used for PDSCH and SS-block, for SS-block’s SCS different than 240 Khz.
Proposal 1: Accept the proposal in Section 5.1.6.2 of 38.214 with some necessary revision based on the agreements, such as “are used only at least when those are spatially quasi co-located quasi-collocated with respect to spatial RX parameters” and “, for SS-block’s SCS different than 240 Khz.”.

Issue 2: DMRS and CSI-RS
Following agreement is not captured in 38.211:
	Agreements:
UE is not expected to receive CSI-RS and DMRS on overlapping REs
Current spec:
The UE is not expected to receive a CSI-RS in resource elements overlapping with configured DM-RS



Since Configured DMRS is not same as the actually received DMRS because the number of actual DMRS symbols may depends on the PDSCH duration,  ‘configured’ should be removed from the current spec.. The text proposal is provided in R1-1800113. 

Proposal 2: Accept the following modification of 38.211:
 The UE is not expected to receive a CSI-RS in resource elements overlapping with configured DM-RS.


Key issue: Multiplexing for CSI-RS
Issue 1: CSI-RS and SS Block
a) The agreement on “A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective” is incorrectly captured in Section 5.2.2.3.1 of 38.214, which need to be corrected.
	Agreement
· A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.



Supported by: Huawei, HiSilicon
One of text proposal is provided in R1-1800102------------------------------------------------
	5.2.2.3.1   Non-zero power CSI-RS
[bookmark: _Hlk498496053][bookmark: _Hlk497309579]<Unchanged parts are omitted>
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements resource blocks.
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements resource blocks, if the higher layer parameter NrofPorts is configured as 1 or 2.



Proposal 3: Accept the text proposal.

b) CSI-RS and SS block in same symbols are only for the CSI-RS for beam management. The condition in Section 5.2.2.3.1 of 38.214 (higher layer parameter NrofPorts is configured as 1 or 2) is not sufficient, need add higher layer parameter ReportQuantity is set to ‘CRI/RSRP’ or ‘No Report’

Supported by: LGE
One of text proposal is provided in R1-1800366------------------------------------------------
	5.1.6.1.2 CSI-RS for L1-RSRP computation
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 resource elements associated with CSI-RS are the outside of PRBs configured for SSB/PBCH, if the higher layer parameter NrofPorts is configured as 1 or 2 and the higher layer parameter ReportQuantity is set to ‘CRI/RSRP’ or ‘No Report’ .
5.2.2.3.1   Non-zero power CSI-RS
<Unchanged parts are omitted>
if the higher layer parameter NrofPorts is configured as 1 or 2 and the higher layer parameter ReportQuantity is set to ‘CRI/RSRP’ or ‘No Report’ .



Proposal 4: Since the ReportQuantity is for reporting setting, but not for CSI-RS setting, so accept the text proposal based on some revisions, i.e., “if the higher layer parameter NrofPorts is configured as 1 or 2 and the reporting setting linked to the CSI-RS resources are configured with the higher layer parameter ReportQuantity is set to ‘CRI/RSRP’ or ‘No Report’ .”

c) Clarify agreement “Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS” for CSI-RS and SS block:
	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 the same subcarrier spacing is used for SS block and CSI-RS


OPPO: CSI-RS and SS block is the same SCS
Qualcomm: CSI-RS and SCS should be less than 240Khz for the same SCS in same symbol case
Samsung: Both the same or different subcarrier spacing can be used for SS block and CSI-RS

Suggestion 1: Further discussion on this issue, capture the previous agreement if no further agreement.

Issue 2: CSI-RS and CORESET
a) The agreement on “A CSI-RS resource can be configured on RBs outside CORESET in CORESET symbols from UE perspective” is incorrectly captured in Section 5.2.2.3.1 of 38.214, which need to be corrected.

	Agreement:
A CSI-RS resource can be configured on RBs outside CORESET in CORESET symbols from UE perspective.



Supported by: Huawei, HiSilicon
One of text proposal is provided in R1-1800102------------------------------------------------

	5.2.2.3.1   Non-zero power CSI-RS
<Unchanged parts are omitted>
The UE may be configured the CSI-RS in same OFDM symbols as CORESET, but not in the same resource elements resource blocks.



Proposal 54: Accept this agreement.

b) The description of multiplexing between CSI-RS and CORESET are mismatched between 38.211 and 38.212, where in Section 7.4.1.5.3 in 38.211 is described as puncture CSI-RS if collided, but in Section 5.2.2.3.1 of 38.214 is with no mapping of CSI-RS in the overlapping resources.
	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



In R1-1800435, there are two methods for selection:
· Alt.1: Follow the current description in TS38.214 and remove the corresponding parts from TS38.211, which means that the bandwidths of CSI-RS and CORESET/SSB shall be configured exclusively (i.e. no assumptions on CSI-RS RE puncturing at UE side).
Supported by: Samsung, Huawei, HiSilicon
· Alt. 2: Follow/update the current description in TS38.211 and remove the corresponding parts from TS38.214, which means that CSI-RS REs overlapping with CORESET/SSB shall be punctured.
Supported by: Samsung
Proposal 6: Support Alt.1. Then, to further discuss the text proposal.

c) There is an FFS part for spatial QCL assumption for CSI-RS and CORSET, whether only spatial QCLed CSI-RS and CORESET can be multiplexed in a symbol
	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)



Only spatial QCLed: LGE (Text proposal are in R1-1800366)
Can be QCLed and non-QCLed: Huawei, HiSilicon (Text proposal in R1-1800102)

Suggestion 2: Discuss further for this open issue.

Issue 3: CSI-RS and PDSCH
· Introduce restriction for PDSCH REs mapping on OFDM symbols used to transmit NZP CSI-RS resource with antenna ports which are non quasi co-located with DM-RS antenna ports used to transmit corresponding PDSCH signals

Supported by: Intel (Text proposal can be found in R1-1800314)
Suggestion 3: Discuss further for this open issue in this meeting.

Issue 4: CSI-RS and SIB1
In LTE, UE shall assume that CSI reference signals are not transmitted in subframes where transmission of a CSI-RS would collide with SystemInformationBlockType1 messages. However, it is not clear how to handle the collided issues between SIB1 and CSI-RS in NR. 
ZTE, Sanechips: some clarifications of handling overlapping between SIB1 and CSI-RS should be captured in the current spec. e.g. ‘the UE shall assume that CSI reference signals are not transmitted in slots where transmission of a CSI-RS would collide with SIB1 messages’ or ‘the UE is not expected to receive CSI-RS and SIB1 message in the overlapping RBs’

Possible conclusions in this meeting:
Proposal 1: Accept the proposal in Section 5.1.6.2 of 38.214 with some necessary revision based on the agreements, such as “are used only at least when those are spatially quasi co-located quasi-collocated with respect to spatial RX parameters” and “, for SS-block’s SCS different than 240 Khz.”

Proposal 2: Accept the following modification of 38.211:
[bookmark: _GoBack] The UE is not expected to receive a CSI-RS in resource elements overlapping with configured DM-RS.

Proposal 3:  Accept the following text proposal:
	5.2.2.3.1   Non-zero power CSI-RS
<Unchanged parts are omitted>
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements resource blocks.
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements resource blocks, if the higher layer parameter NrofPorts is configured as 1 or 2.




Proposal 4: Since the ReportQuantity is for reporting setting, but not for CSI-RS setting, so accept the text proposal based on some revisions, i.e., “if the higher layer parameter NrofPorts is configured as 1 or 2 and the reporting setting linked to the CSI-RS resources are configured with the higher layer parameter ReportQuantity is set to ‘CRI/RSRP’ or ‘No Report’ .”
	5.1.6.1.2 CSI-RS for L1-RSRP computation
<Unchanged parts are omitted>
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 resource elements associated with CSI-RS are the outside of PRBs configured for SSB/PBCH, if the reporting setting linked to the CSI-RS resources are configured with the higher layer parameter NrofPorts is configured as 1 or 2 and the higher layer parameter ReportQuantity is set to ‘CRI/RSRP’ or ‘No Report’ .
5.2.2.3.1   Non-zero power CSI-RS
<Unchanged parts are omitted>
if the higher layer parameter NrofPorts is configured as 1 or 2 and the reporting setting linked to the CSI-RS resources are configured with the higher layer parameter ReportQuantity is set to ‘CRI/RSRP’ or ‘No Report’ .



Proposal 5: Accept the text proposal:
	5.2.2.3.1   Non-zero power CSI-RS
<Unchanged parts are omitted>
The UE may be configured the CSI-RS in same OFDM symbols as CORESET, but not in the same resource elements resource blocks.



Proposal 6: Support Alt.1, then to further discuss the text proposal
· Alt.1: Follow the current description in TS38.214 and remove the corresponding parts from TS38.211, which means that the bandwidths of CSI-RS and CORESET/SSB shall be configured exclusively (i.e. no assumptions on CSI-RS RE puncturing at UE side).

Further discuss the Suggestion 1, 2, and 3 related issues in this meeting.

Agreements in previous meetings
In RAN1#91 meeting:
Agreement:
Proposal 2: Only support TDM between SRS and PUSCH/UL DMRS/UL PTRS/Long PUCCH in Rel-15 from UE perspective.
Agreement:
Symbol location for CSI-RS:
{0,1,2,3,4,5,6,7,8,9,10,11,12,13}, where 2 is supported only when DL-DMRS-typeA-pos equals 3
· UE is not expected to receive CSI-RS and DMRS on overlapping REs
Agreement:
UE does not expect any DMRS RE to collide with SSB REs on the 4 symbols occupied by SSB
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 RAN1#90bis meeting:
Agreement: on page 7 in R1-1718998:
The PT-RS according to the mapping pattern is not transmitted in OFDM symbols that contains PDSCH/PUSCH DMRS 
The PT-RS according to the mapping pattern is not transmitted in RE that overlaps with a configured CORESET 

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

Agreement:
In the case of collision of SRS and short PUCCH carrying only CSI report/beam failure recover request, support the prioritization rules in the table below:
The channel listed in the entries below are prioritized
	
	Aperiodic SRS
	Semi-persistent SRS
	periodic SRS

	sPUCCH with aperiodic CSI report only
	No rule**
	sPUCCH
	sPUCCH

	sPUCCH with semi persistent CSI report only
	SRS
	sPUCCH
	sPUCCH

	sPUCCH with periodic CSI report only
	SRS
	sPUCCH
	sPUCCH

	sPUCCH with beam failure recover request*
	sPUCCH
	sPUCCH
	sPUCCH


In case SRS is dropped, dropping can be partial in time domain, i.e., only those OFDM symbols that collide with short PUCCH
*If short PUCCH is supported for beam failure recovery request and collision between short PUCCH with beam failure recovery request and aperiodic/semi persistent/periodic SRS occurs, prioritize short PUCCH
** UE can assume that this collision will not occur


In RAN1 NR Ad-Hoc#3 meeting:
Agreement:
· Down-select among the following two options
· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)
· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
· FFS on the conditions when multiplexing is allowed 
· Down-select among the following two options
· From a UE perspective, for REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 
· Option 2-1: NZP CSI-RS can be multiplexed
· FFS: Whether or not a UE needs to be aware of the CORESET of another UE, e.g., through configuration of a ZP-CSI-RS
· FFS: Whether or not PBCH is affected for common CORESET configuration, e.g., through a configuration of ZP-CSI-RS
· Option 2-2: NZP CSI-RS is not multiplexed
· Down-select among the following two options
· Option 3-1: Within a BWP, a UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS
· E.g., from a UE perspective in the slot with scheduled PDSCH, CSI-RS can be transmitted on the potential additional DMRS OFDM symbol(s), when the additional DMRS does not exist in the OFDM symbol(s).
· Note: In Option 3-1, CSI-RS is not multiplexed on the potential front-loaded DMRS OFDM symbol(s)
· Option 3-2: From a UE perspective, CSI-RS can be multiplexed on all any potential DMRS OFDM symbol locations(s)
· Note: Additional restriction from cell-/UE-group perspective will be further discussed based on the down-selection above

In RAN1#90 meeting:
Conclusion:
Regarding CSI-RS and TRS multiplexing/sharing, discuss after the TRS design is mature (target later this week)

Agreements:
· For UE’s perspective,
· For REs that is configured as a CORESET,
· NZP CSI-RS is not multiplexed.
· For REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 
· FFS: Whether NZP CSI-RS can be multiplexed or not
Agreements:
· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details
Agreements:
· When one or more of PT-RS RE(s) is overlapped with CSI-RS
· The one or more overlapping PT-RS RE(s) is punctured
Agreements:
· For collision avoidance between short PUCCH and SRS, from a UE perspective, NR supports at least the following two options on a given carrier
· Collision is defined whenever SRS and PUCCH are transmitted in the same symbol, regardless of whether there are overlapped REs or not
· Option 1-1: symbol level TDM
· (Working assumption) Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization
· Examples of prioritization rules
· Example 1
· Always prioritize PUCCH over SRS
· Example 2
· If PUCCH contains ACK/NACK, prioritize PUCCH
· Otherwise prioritize SRS
· FFS the case of FDM SRS and short PUCCH

In RAN1 NR Ad-Hoc#2 meeting:
Agreements:
· In NR, for a given BWP, support the case where CSI-RS for CSI acquisition and beam management is always transmitted with the same numerology as the PDSCH of the UE if PDSCH is present
· FFS the case when PDSCH is not present
Agreements:
· Down-select among the following two options in the next meeting
· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)
· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
Agreements:
· Down-select among the following two options in the next meeting:
· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 
· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 
· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.
· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot
Agreements:
· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.
· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)
Agreements:
· Study further how to handle DM-RS and SS block collision (if any)
· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.
Agreements:
· Study further how to handle PT-RS collision with CSI-RS
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