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Introduction
In NR WI, the following agreements on multiplexing of different types of RSs and channels have been made so far [1], [2], [3]:
	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
[bookmark: _GoBack]*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




Since the slot structure of NR including RS RE patterns and time/frequency location of various channels are quite flexible, multiplexing between RSs and channels needs to be discussed by taking into account the following aspects:
· Desired level of flexibility of slot structure and the corresponding performance gain.
· gNB/UE complexity.
This contribution addresses Samsung’s views on multiplexing of different signals and channels for DL and UL including the highlighted parts above. This contribution is revised from [4].
Multiplexing of different types of RSs/Channels for DL
According to the current discussions in RAN1, the following list of DL signals/channels and the corresponding properties can be considered for multiplexing:
· CSI-RS for CSI acquisition
· Can be configured with partial-band/subband but inherently preferred to be wideband for scheduling.
· Can be multiplexed with PDSCH REs within the same OFDM symbol.
· CSI-RS for beam management
· Preferred to be transmitted on the dedicated OFDM symbol(s), i.e. same analog beam is adopted for whole BW.
· DMRS for PDSCH
· Can be mapped in the scheduled RBs.
· UE may assume MU transmission with DMRS ports, which are not allocated for the UE
· Can be multiplexed with PDSCH REs within the same OFDM symbol.
· PT-RS for PDSCH
· Can be mapped in the scheduled RBs.
· Support some association between DMRS port(s).
· Can be multiplexed with PDSCH REs within the same OFDM symbol.
· TRS
· Can be can be configured by 1-port CSI-RS resource(s).
· Can be multiplexed with other RSs/channels by following the same multiplexing rules for CSI-RS
· PDCCH for slot structure
· Can be located in the front side of a slot, i.e. within the {1st, 2nd, 3rd} OFDM symbols.
· Exact location of frequency resource for DCI within the configured CORESET should be blind decoded at UE side.
· PDCCH for non-slot structure
· Can be located in any OFDM symbols.
· Exact location of frequency resource for DCI might be indicated to a UE.
With regard to the RE-level multiplexing, any types of multiplexing between signals/channels are not recommended. 
In the perspective OFDM symbol-level multiplexing, following observations are available based on the discussions above:
· In RAN1#90bis, it was agreed to support FDM between CSI-RS and CORESET/SSB at least for the case where CSI-RS and SSB or CSI-RS and CORESET are QCLed. By restricting FDM between non-QCLed CSI-RS and CORESET/SSB, there will be no additional performance gain but only gNB configuration will be limited. For more clarity on UE behaviour for the non-QCLed cases, down-selection among the following two options can be further considered.
· Option 1: No specification supports (it is up to UE implementation how to measure non-QCLed CSI-RS and {SSB or CORESET} in the same OFDM symbol(s)).
· Option 2: UE may assume CSI-RS and {SSB or CORESET} are at least spatially QCLed, if CSI-RS and {SSB or CORESET} are configured in the same OFDM symbol(s).
· Multiplexing between SS block and other RSs/channels within the same OFDM symbol(s) is not preferred by taking into account potential UE complexity for SS block decoding. On the other hands, possible overhead for beam sweeping especially at high carrier frequency, which may require more than 64 beams within a given time window, makes it worth to consider multiplexing of SS block and CSI-RS for beam management. Given that the expected overhead could be worse in case of beam management for multi-TRP/-panel scenarios, FDM between SS block and CSI-RS for beam management should be supported.
· As agreed by [3], the UE is not expected to be configured with a CSI reporting band which contains subbands where RSs for channel and interference are not present. Therefore, CSI reporting within CORESET/SSB RBs cannot be configured since a CSI-RS resource can be configured on RBs outside CORESET or RBs outside PBCH RBs. It means no further limitations on CSI reporting are required for FDM between CSI-RS and CORESET/SSB.
· DMRS OFDM symbol(s) are not preferred to be used for CSI-RS/TRS since it may cause scheduling restriction including SU/MU MIMO layer limitation.
· PT-RS can be multiplexed with other RSs/channels, since PT-RS would be sparsely mapped in the frequency domain.
Consequently, proposals/observations can be summarized as follows:
Proposal 1: Support FDM between CSI-RS and CORESET/SSB for the case where CSI-RS and SSB/CORESET are non-QCLed.
· Down-select among the following options for the corresponding UE behaviour:
· Option 1: No specification supports (it is up to UE implementation how to measure non-QCLed CSI-RS and {SSB or CORESET} in the same OFDM symbol(s)).
· Option 2: UE may assume CSI-RS and {SSB or CORESET} are at least spatially QCLed, if CSI-RS and {SSB or CORESET} are configured in the same OFDM symbol(s).
Proposal 2: Support FDM between SS block and CSI-RS for beam management at least.
Observation 1: No further limitations on CSI reporting are required for FDM between CSI-RS and CORESET/SSB.
Proposal 3: DMRS and CSI-RS/TRS are TDMed.
Multiplexing of different types of RSs/Channels for UL
According to the current discussions in RAN1, the following list of UL signals/channels and the corresponding properties can be considered for multiplexing:
· SRS
· An X-port SRS resource can span {1, 2, or 4} adjacent OFDM symbols within the same slot.
· Frequency hopping can be used for power limited UEs.
· DMRS for PUSCH
· Can be mapped in the scheduled RBs.
· gNB may configure MU transmission by allocating different DMRS ports for different UEs.
· PT-RS for PUSCH
· Can be mapped in the scheduled RBs.
· Support some association between DMRS port(s).
· Long PUCCH
· Can be FDMed with PUSCH, if the length of PUCCH and PUSCH is identical, from a UE perspective.
· Preferred to be TDMed with SRS
· Short PUCCH
· Can be TDMed with the other short PUCCH or long PUCCH
· Not preferred to be FDMed with PUSCH because of the transmission power adjustment issue at UE side.
· Preferred to be TDMed with SRS
With regard to the RE-level multiplexing, any types of multiplexing between signals/channels are not recommended.
The potential necessity of multiplexing between different types of RSs/channels for UL is much less than that for DL. In UL, it is important to secure capability on subband transmission during long time duration to support cell-edge UEs. UEs in such harsh environments may not have rooms for simultaneous support on multiple functionalities, e.g. SRS and UL DMRS transmission in the same DFT-S-OFDM/OFDM symbol. Furthermore, multiplexing of different RS RE patterns in the same OFDM symbol might make the UE to loss regular RE pattern such as IFDMA structure and the UE might suffer from high PAPR. Variation of UE transmission power within a contiguous transmission duration is another important issue that should be avoided for UE implementation complexity. Therefore, FDM of different RSs/channels should be considered only if the dynamic range of total transmission power at the UE side is not large that much, e.g. when the length of OFDM symbols for each RSs/channels are identical. On the other hands, TDM seems more proper than FDM to avoid various potential issues mentioned above. In the last RAN1 meeting, dropping rules for collision between short PUCCH and SRS were agreed. Similar rules might be beneficial for more clear gNB/UE implementations. For simple gNB/UE implementation, we prefer to have a single dropping rule for long PUCCH-SRS collision case; long PUCCH in the OFDM symbols collided with SRS are dropped.
Proposal 4: From a UE perspective, support TDM of UL RSs/channels, such as SRS, DMRS for PUSCH, PT-RS for PUSCH, long PUCCH, and short PUCCH. 
· FDM can be considered only if the dynamic range of total transmission power at the UE side is not large that much, e.g. when the length of OFDM symbols for each RSs/channels are identical.
· Long PUCCH in the OFDM symbols collided with SRS are dropped.

Conclusions
1 
This contribution presents Samsung’s view on the multiplexing of different signals and channels for DL. The following proposals are made:
Proposal 1: Support FDM between CSI-RS and CORESET/SSB for the case where CSI-RS and SSB/CORESET are non-QCLed.
· Down-select among the following options for the corresponding UE behaviour:
· Option 1: No specification supports (it is up to UE implementation how to measure non-QCLed CSI-RS and {SSB or CORESET} in the same OFDM symbol(s)).
· Option 2: UE may assume CSI-RS and {SSB or CORESET} are at least spatially QCLed, if CSI-RS and {SSB or CORESET} are configured in the same OFDM symbol(s).
Proposal 2: Support FDM between SS block and CSI-RS for beam management at least.
Observation 1: No further limitations on CSI reporting are required for FDM between CSI-RS and CORESET/SSB.
Proposal 3: DMRS and CSI-RS/TRS are TDMed.
Proposal 4: From a UE perspective, support TDM of UL RSs/channels, such as SRS, DMRS for PUSCH, PT-RS for PUSCH, long PUCCH, and short PUCCH. 
· FDM can be considered only if the dynamic range of total transmission power at the UE side is not large that much, e.g. when the length of OFDM symbols for each RSs/channels are identical.
· Long PUCCH in the OFDM symbols collided with SRS are dropped.
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