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Key remaining issues for RS multiplexing
Key issues-1: Multiplexing for DMRS
Issue 1-a: DMRS and CSI-RS
· 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
Qualcomm, Huawei, HiSilicon, Samsung, CATT, AT&T, vivo (if DMRS is not mapped, CSI-RS can be mapped), Spreatrum 
· [bookmark: _GoBack]Option 3-2: From a UE perspective, CSI-RS can be multiplexed on all any potential DMRS OFDM symbol locations(s)
ZTE, Sanechips, LGE, Ericsson
Proposal 1: Support Option 3-1, i.e., 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.
Note: The configuration of CSI-RS and DMRS cannot be assumed to collide. 

Issue 1-b: DMRS and SS block
In RAN1#90bis meeting, SS and DMRS can be in the same symbols in the cases without overlapping in frequency domain. The following is for further discussion on whether there are the cases of collision between DMRS and SS block? If there are, companies are encouraged to provide the use cases and scheme to avoid the collision.  
	Companies
	Views

	Intel
	We have some concerns on implementation based approach of collision handling. For slot based scheduling due to granularity of RBG the significant number of RBs not colliding with SS block will not be usable. For 1 SS block case several OFDM symbols on the overlapping RBs will not be usable as well, which leads to waste of DL resources. In addition RSSI measurements will be mismatched if PDSCH transmission on the RBs used by SS block will not allowed. The collision avoidance using non slot based scheduling for specific slots introduces HARQ inefficiencies (due to TBS difference between slot and non slot allocations). The increased DM-RS overhead for non slot based and possibly worse channel estimation (there is not additional DM-RS in most of non slot based patterns) is another challenge for non-slot based approach of collision avoidance. Therefore, specification based approach should be defined for this case.

	Samsung
	We think it is up to future decision in scheduling agenda. E.g. non-slot structure can be used in the SS/PBCH block bandwidth to avoid the collision.

	ZTE, Sanechips
	It is up to gNB implementation 

	vivo
	gNB scheduling should avoid collision between DMRS and SS block. For the case of DMRS and SS block are TDMed, but scheduled in the same frequency domain within a slot, non-slot based transmission structure is supported.

	Huawei, HiSilicon
	There is no collision between SS block and DMRS, i.e., no overlapping RBs between SS block and DMRS. 

	CATT
	It can be an implementation issue, for example gNB can schedule non-slot based transmission on those few symbols

	Qualcomm
	Handle collision in frequency domain, by PRG-aligned puncturing around the PBCH BW of all the configured DMRS symbols, if at least one of the DMRS symbols overlaps in frequency with the PBCH/SS-block. 


	Ericsson
	We agree with Intel, using unused RE in RBs where SSB is transmitted for PDSCH is important for maximizing NR peak rate. Especially for small carrier bandwidth the waste is considerable.



Observation 1: 
· Option.1: Support to avoid the collision between DMRS and SS block through gNB implementation: such as using non-slot based scheduling.
   Samsung, ZTE, Sanechips, vivo, Huawei, HiSilicon, CATT
· Option.2: Support overlapping between DMRS and SS block and the collision is avoided by specification
Intel, Ericsson, LGE  
           Proposal 2: The cases of collision between DMRS and SS block are not supported in Rel-15.

Key issue-2: Multiplexing for CSI-RS
Issue 2-a: CSI-RS and PDCCH (CORESET)
[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; 
Above both applies for non-slot and slot based cases.

The remaining issues include the additional restriction on the use cases:

	1. CSI-RS and CORESET in the same OFDM symbol(s), when the CSI-RS and CORESET are NOT spatially QCL-ed

	Can be used (including UE behavior):
	Samsung, Huawei, HiSilicon, ZTE, Sanechips, vivo

	Can not be:
	LGE (Even for multi-panel UE, UE can still use the multi-panels to combine RF signals. It is not desirable mandating UE implementation in a specific way (different Rx beam per panel for receiving CORESET and CSI-RS, respectively), so that it is safe to keep the previous agreement shown above (i.e., same spatial QCL condition) at least in NR Phase I), Qualcomm

	2. Whether there is a BW restriction for CSI-RS?

	No restriction:
	Samsung, ZTE, Sanechips, vivo, Huawei, HiSilicon, Ericsson

	Restricted: (details)
	Qualcomm (more than 20 RBs)

	3. Whether there is a BW restriction for CSI reporting, i.e., wideband or subband?

	No restriction
	Samsung, ZTE, Sanechips, vivo, Huawei, HiSilicon, CATT

	Restricted (details)
	



Proposal 3:  In the case of A CSI-RS resource configured on RBs outside CORESET in CORESET symbols from UE perspective:
· There is no BW restriction for CSI reporting, i.e., wideband or subband
· Also can be applied for the case of CSI-RS and CORESET are NOT spatially QCL-ed
· There is no BW restriction for CSI-RS resource 

There is a related WF on QCL issue: R1-1721636

Issue 2-b: CSI-RS and CORESET (TDM)
If DMRS is from 3rd symbol and CORSET symbol is 1st, then CSI-RS can be in 2nd OFDM symbol.
Option 1: Agree: 
Option 2: Do not agree:
	Companies
	Views

	Qualcomm
	Option-1

	Samsung
	We think this is a non-critical issue, which should be deprioritized in Reno taking into account the time schedule.

	CATT
	This is not an essential issue, shouldn’t be spending time discussing it.

	Ericsson
	We already have agreements that CSI-RS can be in the 1st, 2nd, and 3rd symbols (in addition to the other agreed symbol locations)



Issue 2-c: 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 SS block and CSI-RS are spatially QCL-ed, FFS for multi-panel UEs.
Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS

The remaining issues include the additional restriction on the use cases:
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

	1. Down-selection between alternatives

	Alt.1
	Huawei, HiSilicon, CMCC, vivo, ZTE, Sanechips

	Alt.2
	Qualcomm

	Alt.3
	Samsung, Huawei, HiSilicon, Ericsson (UE shall not expect that NZP CSI-RS is transmitted in the REs occupied by the SSB), CATT

	2. CSI-RS and SS/PBCH block in the same OFDM symbol(s), when the CSI-RS and SS/PBCH block are NOT spatially QCL-ed

	Can be used (including UE behavior)
	Samsung,ZTE, Sanechips, vivo

	Cannot be used
	LGE (Even for multi-panel UE, UE can still use the multi-panels to combine RF signals. It is not desirable mandating UE implementation in a specific way (different Rx beam per panel for receiving SS/PBCH block and CSI-RS, respectively), so that it is safe to keep the previous agreement shown above (i.e., same spatial QCL condition) at least in NR Phase I), Qualcomm



Proposal 4:   In the case of a CSI-RS resource configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective
· Support Alt.1, i.e., above applies for the cases: CSI-RS used for beam management and CSI acquisition.
· No consensus on CSI-RS and SS/PBCH block in the same OFDM symbol(s), when the CSI-RS and SS/PBCH block are NOT spatially QCL-ed.

Key issue-3: Multiplexing for PTRS
Issue 3-a: PTRS and SS block
	     Note: the issues is related with multiplexing between DMRS and SS block  
· PTRS and SS block can be in a symbol, shift PTRS if collided
CMCC, LGE, Ericsson

Possible conclusions in this meeting:

Proposal 1: Support Option 3-1, i.e., 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.
Note: The configuration of CSI-RS and DMRS cannot be assumed to collide. 

Observation 1: 
· Option.1: Support to avoid the collision between DMRS and SS block through gNB implementation: such as using non-slot based scheduling.
   Samsung, ZTE, Sanechips, vivo, Huawei, HiSilicon, CATT
· Option.2: Support overlapping between DMRS and SS block and the collision is avoided by specification
Intel, Ericsson  
 Proposal 2: The cases of collision between DMRS and SS block are not supported in Rel-15.

Proposal 3:  In the case of A CSI-RS resource configured on RBs outside CORESET in CORESET symbols from UE perspective:
· There is no BW restriction for CSI reporting, i.e., wideband or subband
· Also can be applied for the case of CSI-RS and CORESET are NOT spatially QCL-ed
· There is no BW restriction for CSI-RS resource 

Proposal 4:   In the case of a CSI-RS resource configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective
· Support Alt.1, i.e., above applies for the cases: CSI-RS used for beam management and CSI acquisition.
· No consensus on CSI-RS and SS/PBCH block in the same OFDM symbol(s), when the CSI-RS and SS/PBCH block are NOT spatially QCL-ed.

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

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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