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1
Introduction
The following conclusions related to multiplexing of different RS types have been made in RAN1#89:
Conclusion:
· FFS how NZP CSI-RS REs can be mapped (e.g., matching-around or puncturing) in a slot, considering potential overlapping with other channels/signals (e.g., DMRS, PTRS, SS block, some CORESET, etc.)
The following conclusions related to multiplexing of different RS types have been made in RAN1#89-AH2 [1]
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
The following conclusions related to multiplexing of different RS types have been made in RAN1#90[1]:
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
In this contribution, the different aspects of multiplexing different RS types are discussed.
2
Motivation

In general, in LTE different RS patterns associated with different RS types have been defined to be orthogonal with each other leading to a complicated design due to the lack of available resources. On contrary, NR has an opportunity to simplify RS design and fasiciliate more efficient utilization of time and frequency resources by enabling the use of different resource elements on time/fre
quency grid between different RS-types with diverse functionalities.

Observation 1: By enabling the use of different resource elements on time/frequency grid between different RS-types with diverse functionalities, RS design and resource utilization can be enhanced. 
3
Multiplexing of SS-block and CSI-RS

As discussed in previous meeting, down-selection among the two options, i.e. Option 1-1 and Option 1-2, for CSI-RS multiplexing with SS-block OFDM symbols needs to done in RAN1#90. The Option 1-2 enables possibility for a network to configure flexibly the multiplexing of CSI-RS with SS-block whereas the Option 1-1 completely excludes it. Due to possibility to enable configurability and enhanced beam management support of SS-block, the Option 1-2 can be seen more benefical for NR system with respect the Option 1-1. 

Observation 2: Due to possibility to enable configurability and enhanced beam management support of SS-block, the Option 1-2 can be seen more benefical for NR system with respect the Option 1-1. 
4
Multiplexing of DMRS and CSI-RS

Figure 1 and Figure 2 show different DMRS and CSI-RS reference symbols pattern as preparatory for further discussion on overlapping patterns. These patterns can be seen as default RS patterns.
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Figure 1: Front loaded DMRS (left); High density DM-RS pattern (right)
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Figure 2: Uniformly distributed (non-consequtive symbols) 32 ports in time for CSI-RS (left); Back loaded 32 ports for CSI-RS in four consecutive symbols (right).
Observation 3: Different RE patterns associated with RS types can form a basic RS pattern set.
The left hand side of Figure 3 provides an example of the multiplexing of NZP CSI-RS and DMRS in same OFDM symbol. As can be seen in patterns of Figure 1 and 2, if no multiplexing is utilized, the OFDM symbol may consist of same type of RS. However, in Figure 3, DMRS and CSI-RS are found in the same symbol. For example, resource element indices of 10 and 11 in the symbol number 2 may be allocated to either CSI-RS or DMRS. As a result of this, further flexibility in pattern definition can be made enabling any RE to be possible placement for any type of RS. The pattern shown in the left of Figure 3 can be called as a multi-functional pattern because it is derived at least partially by default pattern set which use, partly same REs.

The right hand side of Figure 3 shows an example of overlapping of CSI-IM with DMRS. Typical definition of CSI-RS is that it consists of zero power resources used for interference measurement. In this case, the overlap of DMRS with CSI-IM is allowed such that an effective channel of the interference is estimated directly inside the CSI-IM.
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Figure 3: Multiplexing of CSI-RS with DM-RS (left); multiplexing of DM-RS, ZP CSI-RS and data RS under a CSI-IM resource (right)

Observation 4: Multi-functional RE pattern is determined partially by default pattern set that uses, partly, same REs.
Observation 5: NZP CSI-RS and DMRS can be multiplexed into same OFDM symbol.
Observation 6: CSI-IM (ZP CSI-RS) and DMRS can be multiplexed into same OFDM symbol.
Figure 4 presents a RS configuration for a multi-point transmission. In the left side, the DMRS transmission from TRP1 of DMRS to UE1 is shown. In the right side, the transmission from TRP 2 of CSI-RS to UE2 is depicted. It is worth noting that the resources used for the UE1 in TRP1 are muted in TRP2. Furthermore, it is noted that TRP2 shifts the CSI-RS resources in symbol #8 compared to symbol#9 where the resource were planned top be transmitted initially, as shown the left hand side of Figure 1. As a result of this, the dynamic modification of RS pattern compared to a basic definition can be fasicilitated. 
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Figure 4: multi-TRP operation, (left): TRP 1 transmission of DMRS, (right) TRP 2 transmission of CSI-RS with muting on the DMRS positions
Observation 7: By enabling of overlapping of RSs,  dynamic modifications of RS patterns can be enabled compared to a basic definition. 

By using pre-configured common physical resources for downlink and uplink, multi-functional RS pattern can be configured via RRC signalling for all UEs to share DL and/or UL RS patterns.  The use of patterns can be enabled for UE via DCI downlink grant and/or uplink grant in dedicated downlink control channel. The required signalling for UE and/or group of UEs to indicate how to construct a multi-functional reference pattern can be based on default RS pattern sets. 
The benefits of the multiplexing of different RS types can be summarized as follows:

· Different RS patterns with different functionalities  can be flexibly and adaptively configured for a UE and/or group of UEs simultaneously in UL or DL
· By using multi-functional RS patterns, transmission efficiency and radio resource utilization can be significantly enhanced with respect to no multi-functional RS pattern support. 
· Overheads related to support of different RS patterns can be minimized. 
· By enabling multiplexing of different RS patterns in same symbol or set of OFDM symbols, a overall processing latency associated with different RS patterns can be minimized.
· The use of multiplex of different RS types enables efficient leveraging of advanced receivers at UE-side 
Proposal 1: Support multiplexing of RS types and patterns with each other into a same OFDM symbol.
Proposal 2: Support the Option 2, i.e. CSI-RS can be multiplexed with SS-block symbols.

Proposal 3: Support multi-functional RE pattern to be determined partially by default pattern set that uses, partly, same REs.
Proposal 4: Support NZP CSI-RS and DMRS to be multiplexed into same OFDM symbol.

Proposal 5: Support CSI-IM (ZP CSI-RS) and DMRS to be multiplexed into same OFDM symbol.
5
Conclusions
In this contribution, multiplexing of different RS types has been considered. 
Based on the discussions, the following observations have been made:

Observation 1: By enabling the use of different resource elements on time/frequency grid between different RS-types with diverse functionalities, RS design and resource utilization can be enhanced. 
Observation 2: Due to possibility to enable configurability and enhanced beam management support of SS-block, the Option 1-2 can be seen more benefical for NR system with respect the Option 1-1. 
Observation 3: Different RE patterns associated with RS types can form a basic RS pattern set.
Observation 4: Multi-functional RE pattern is determined partially by default pattern set that uses, partly, same REs.
Observation 5: NZP CSI-RS and DMRS can be multiplexed into same OFDM symbol.

Observation 6: CSI-IM (ZP CSI-RS) and DMRS can be multiplexed into same OFDM symbol.
Observation 7: By enabling of overlapping of RSs,  dynamic modifications of RS patterns can be enabled compared to a basic definition. 

Based on the dicussions, the following proposals have been made:

Proposal 1: Support multiplexing of RS types and patterns with each other into a same OFDM symbol.

Proposal 2: Support the Option 2-1, i.e. CSI-RS can be multiplexed with SS-block symbols.
Proposal 3: Support multi-functional RE pattern to be determined partially by default pattern set that uses, partly, same REs.
Proposal 4: Support NZP CSI-RS and DMRS to be multiplexed into same OFDM symbol.

Proposal 5: Support CSI-IM (ZP CSI-RS) and DMRS to be multiplexed into same OFDM symbol.
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