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1 Introduction

The following were agreed at the previous meetings:
	Agreement:
[…]

· […]
· 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
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:
At least {8, 9, 10, 11}-th OFDM symbol in a slot structure can be configured for CSI-RS transmission, in addition to the {6, 7, 13, 14}-th OFDM symbol. Note: the symbol locations assume that symbol indexing starts at 1.

· FFS: Other OFDM symbols 

Agreement:
Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 

· When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)

· FFS: Whether the value of X is same or different for beam management and CSI acquisition

· FFS: The value of X may or may not be numerology-dependent


This paper discusses the RE mapping and multiplexing of different RSs and addresses items FFS from the last meetings.
2 Multiplexing for DMRS
The following were agreed in the previous meetings regarding allocation of OFDM symbols to DMRS and CSI-RS:
· DMRS: DMRS for PDSCH includes a 1-symbol or 2-symbol front-loaded DMRS starting from the 3rd or 4th symbol in a slot plus up to three 1-symbol or one or two 2-symbol additional DMRS for high-speed scenarios.
· CSI-RS: It was agreed in RAN1 NR AH#3 and RAN1-90bis to allow configuration of CSI-RS at least on the {1, 2, 3, 6, 7, 8, 9, 10, 11, 13, 14}th OFDM symbol in a 14-symbol slot, where the {1st,2nd,3rd} symbol is only in the case of multiplexing with CORESET symbols.
Based on the agreements, and with regards to whether a UE can be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS: CSI-RS and DMRS are both important reference signals for DL channel measurements. If they collide, one of them needs to be punctured, hence impacting the performance. Furthermore, to guarantee the performance of the channel estimation, power boosting may be provisioned for CSI-RS or DMRS or both. Without puncturing, the interference of each RS on the other will be significant. Hence, we conclude that at least the collision between CSI-RS and DMRS must be avoided.
Proposal 1: Collision between CSI-RS and DMRS must be avoided.
To avoid the collision between CSI-RS and DMRS, the symbols on which DMRS is configured must be excluded for configuration of wideband CSI-RS. It is known that if the CORESET occupies 3 symbols, then the 4th and the 5th symbols may be used for front-loaded DMRS; and if the CORESET occupies 1 or 2 symbols, then the 3rd and the 4th symbols may be used for front loaded DMRS. Since front-loaded DMRS has a fundamental functionality, the 4th and 5th symbols (as well as the 3rd symbol in the case CORESET occupies 1 or 2 symbols) are not preferred for configuration of CSI-RS. As discussed in the previous meeting, the 12th symbol is higher probability for additional DMRS configuration, so it also should be avoided for configuration of CSI-RS. Although CSI-RS can be configured in {6,7,8,9,10,11,13,14}th symbols, which may result in a collision with additional DMRS in some cases, gNB should still avoid collisions between CSI-RS and DMRS trough proper configuration.   
Proposal 2: UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS, at least in the {3rd (in the case of CORESET occupying 1 or 2 symbols), 4th, 5th, 12th} symbols.
3 Multiplexing for CSI-RS

3.1 Multiplexing between CSI-RS and SSB
As agreed in the previous meeting, DMRS can be configured on the RBs outside of PBCH RBs in the symbols containing SSB. The remaining issues include UE behaviour and the use cases of CSI-RS.
With regards to the UE behaviour when SSB and CSI-RS multiplexed on the same symbols are not QCL’ed, the following cases can be distinguished:

· CSI-RS for CSI acquisition: Since the CSI-RS is transmitted while the UE listens through the same beam, the UE may also process SSB samples, for example, for measurement and mobility purposes. However, if the CSI-RS for CSI acquisition is not QCL’ed with SSB, UE is required to receive SSB and CSI-RS by different Rx beam, which may not be possible for a single-panel UE.

· CSI-RS for beam management with repetition ‘off’: Similarly to the above, if the UE listens to the signal through fixed receive beams, it may process SSB samples for measurement purposes. However, if the CSI-RS for CSI acquisition is not QCL’ed with SSB, the UE may not be able to receive SSB and CSI-RS on the same symbol.

· CSI-RS for beam management with repetition ‘on’: Since the purpose of this type of CSI-RS is to sweep UE receive beams, UE measurements performed on SSB may not be valuable unless the UE uses different panels for receiving SSB and CSI-RS.

It may be possible for a UE with multiple panels to receive CSI-RS and SSB on the same symbol even if they are not QCL’ed. Thus, simultaneous reception of CSI-RS and SSB can be based on gNB configuration at least for UE with multiple panels. Additionally, if a UE cannot receive SSB and CSI-RS on the same symbol, the UE should be assumed to receive only one signal, namely, receive only the SSB.
Proposal 3: Resources multiplexed with SSB can be allocated to CSI-RS except for the following cases at least for a UE with one panel:

· CSI-RS is for CSI acquisition and it is not QCL’ed with SSB.

· CSI-RS is for beam management with repetition ‘off’ and it is not QCL’ed with SSB.
· CSI-RS is for beam management with repetition ‘on’.
3.2 Multiplexing between CSI-RS and PDCCH
It was agreed in the last meeting that CSI-RS can be configured on RBs outside CORESET symbols from the UE perspective. If the number of CORESET symbols is 1 or 2, then the 3rd symbol is used for DMRS (i.e., always occupied by DMRS), so the CSI-RS cannot be configured on the 3rd symbol.
With regards to use cases that may utilize CSI-RS multiplexed with CORESET, it is evident that wideband CSI measurement is not a good use case since only part of bandwidth can be measured. However, it is good for CSI-RS for beam management, since it is transmitted with precoding. Since there is an additional beamforming gain on CSI-RS, with partial bandwidth, it may still be possible to obtain good channel estimation performance. Coarse beamforming training especially seem to be a more promising use case for utilizing the unused resources of CORESET symbols, especially due to the fact that beam management processes demand considerable time resources.

Observation 1: Resources multiplexed with CORESET can be allocated to CSI-RS for beam management.

Furthermore, for the case that CSI-RS is not QCL’ed with PDCCH, UE may not be able to receive them in the same symbols at least for single-panel case. In this case, UE can only receive one of the signals, e.g., only receive PDCCH. Therefore, we make the following proposal.

Proposal 4: If a CSI-RS resource is configured on RBs outside CORESET in CORESET symbols from UE perspective and the CSI-RS is not QCL’ed with PDCCH, UE is assumed to receive only the PDCCH on the CORESET symbols.
3.3 Collision between ZP CSI-RS and NZP CSI-RS

Another issue is to specify the UE behaviour when ZP CSI-RS and NZP CSI-RS collide. ZP CSI-RS is to be used for rate matching and interference measurement. The UE behaviour with respect to ZP CSI-RS should be to rate match around the ZP CSI-RS REs. The UE behaviour with respect to NZP CSI-RS should be to rate match around the NZP CSI-RS REs and possibly perform channel measurements. Therefore, the UE might simply assume that NZP CSI-RS takes priority should there be a collision between the two signals.

Proposal 5: In the case of a collision between ZP CSI-RS and NZP-CSI-RS, the latter takes priority from the UE point of view.
4 Multiplexing for SRS

With regards to RS/signal multiplexing in the uplink, agreements were made in the last meeting on priority rules between SRS and PUCCH. What is yet to be discussed is multiplexing between SRS and UL DMRS as well as PUSCH. Similarly to the argument that proposes to avoid an overlap between CSI-RS and the front-loaded DMRS, it is preferred to avoid frequency-division overlap between SRS and UL DMRS. Furthermore, frequency-division multiplexing between SRS and PUSCH is being argued to raise hardware issues due to possible mismatch between the powers of the two signals and variations that the UE hardware should tolerate in successive symbols. Therefore, it is preferred to simplify the design by agreeing to allow only time-division multiplexing between SRS and PUSCH as well.

Proposal 6: Support only time-division multiplexing of SRS with UL DMRS and the PUSCH.
5 Conclusion
In this contribution, we discussed multiplexing of different types of reference signals in downlink and uplink. The following were observed and proposed.
Proposal 1: Collision between CSI-RS and DMRS must be avoided.

Proposal 2: UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS, at least in the {3rd (in the case of CORESET occupying 1 or 2 symbols), 4th, 5th, 12th} symbols.
Proposal 3: Resources multiplexed with SSB can be allocated to CSI-RS except for the following cases at least for a UE with one panel:

· CSI-RS is for CSI acquisition and it is not QCL’ed with SSB.

· CSI-RS is for beam management with repetition ‘off’ and it is not QCL’ed with SSB.
· CSI-RS is for beam management with repetition ‘on’.
Observation 1: Resources multiplexed with CORESET can be allocated to CSI-RS for beam management.

Proposal 4: If a CSI-RS resource is configured on RBs outside CORESET in CORESET symbols from UE perspective and the CSI-RS is not QCL’ed with PDCCH, UE is assumed to receive only the PDCCH on the CORESET symbols.
Proposal 5: In the case of a collision between ZP CSI-RS and NZP-CSI-RS, the latter takes priority from the UE point of view.

Proposal 6: Support only time-division multiplexing of SRS with UL DMRS and the PUSCH.
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