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Introduction
Currently, several types of RSs including PTRS, CSI-RS, SRS, DMRS, and TRS (possibly be CSI-RS) should be supported in NR, and following agreements were achieved in RAN1 NR Ad-hoc#2 meeting [1] 
· For CSI-RS: 
[bookmark: _GoBack]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
· For DMRS
Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
· For PTRS: 
Agreements:
· Study further how to handle PT-RS collision with CSI-RS
· For SRS
 	Agreements:
· From a UE perspective, NR supports one or both of the following options on a given carrier:
· Option 1 : Support only one of the following options for avoiding collisions between NR-SRS and short PUCCH
· Option 1-1 : symbol level TDM
· Option 1-2 : FDM
· Option 1-3 : both symbol level TDM and FDM
· FFS : details
· Note : other options are not precluded
· 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 
· For TRS with agreed single port, some considered values for the 6 parameters are listed for further down-selection.
In this contribution, we discuss multiplexing of  PTRS, CSI-RS, SRS, DMRS and TRS. Specifically, we analyze the relationship among these RSs.  
Discussion
PTRS and CSI-RS/SRS
· PTRS and CSI-RS
If there are some subcarriers which are not used for CSI-RS transmission in CSI-RS symbols, we propose PTRS maps on these subcarriers in order to avoid collision between PTRS and CSI-RS. Otherwise, PTRS should be  punctured since phase rotation compensation is unnecessary on CSI-RS symbols. More details can be found in [2].
Proposal 1: PTRS should be mapped on subcarrier(s) without carrying CSI-RS if data and CSI-RS can be transmitted in same OFDM symbol(s). Otherwise, PTRS should be punctured on the overlapping part if CSI-RS is transmitted in the whole OFDM symbol(s).
· PTRS and SRS
If UE is configured with CP-OFDM, the issue of mapping between PTRS and SRS is similar with that between PTRS and CSI-RS.  Therefore, we propose.
Proposal 2: For UL CP-OFDM, PTRS should be mapped on subcarrier without carrying SRS if data and SRS can be transmitted in same symbol. Otherwise, PTRS should be punctured on the overlapping part if SRS is transmitted in the whole symbol.
CSI-RS and DMRS/PDCCH/SS block/TRS
· CSI-RS and DMRS
Currently, at least four symbols in one slot have been supported for CSI-RS transmission. Specifically, for 32 ports CSI-RS, 4 adjacent symbols are preferred to make one CDM pattern 8 is composed of 8 adjacent REs. Because there may be at least 4 distributed DMRS symbols for high speed train scenarios as shown in Figure 1a, 4 adjacent symbols for CSI-RS transmission may be impossible if CSI-RS cannot be configured on any possible DMRS symbols. In other words, CSI-RS can never be configured on symbol#3, #6, #10 and #13. This restriction seems unnecessary since only one or two DMRS symbols are usually configured for other scenarios as shown in Figure 1b. In consequence, the symbol #6, #10 and #13 can be used for CSI-RS transmission. 
In addition, if some CSI-RS patterns are aligned with front loaded DMRS patterns, CSI-RS and DMRS can be FDMed even in one PRB as shown in Figure 2.  Moreover, sharing CSI-RS pattern with DMRS is useful for interference measurement and self-contained feedback.  This would reduce the overhead of NZP and ZP CSI-RS. 
· If CSI-RS is also transmitted in DMRS patterns (i.e. they are basically the same signals), MU interference with real data precoding can be estimated by UE. This measured interference reflects real interference in MU. As NZP and ZP CSI-RS are both agreed to be used for interference measurement, either of them can be configured in DMRS patterns to measure interference power or perform interference channel estimation.
· In order to support fast feedback like self-contained feedback, it is beneficial to support front-loaded CSI-RS so that it gives sufficient time for UE to process and feed back CSI within a slot.  Resource sharing between CSI-RS and DMRS would allow putting CSI-RS resources in the front-loaded symbols.
Proposal 3: From a UE perspective, CSI-RS can be mapped on DMRS symbols including front loaded DMRS symbols.
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(1a) DMRS pattern for high speed train scenario                          (1b) DMRS pattern for low UE speed scenario
Figure 1 Examples of DMRS patterns
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Figure 2 FDM between CSI-RS and DMRS in one PRB
· CSI-RS and PDCCH
Similarly, CSI-RS can be configured on possible PDCCH region if there is no corresponding PDCCH transmission. If there is no PDCCH transmission in COREST, CSI-RS can be transmitted. In other words, when PDCCH load is low, gNB can configure CSI-RS in COREST, and ensure non-overlapping between configured CSI-RS resources and transmitting PDCCH. At least aperiodic CSI-RS resources can be used in these region as the location of aperiodic CSI-RS resources can be dynamically selected.  
Proposal 4: From a UE perspective, CSI-RS can be mapped on PDCCH symbols.
· CSI-RS and SS block
Considering the bandwidth of one SS block is only 24 PRBs, other frequency resources can be used for partial band CSI-RS transmission in SS block symbols. Specifically, if multiple BWPs are included in one CC and SS block is only in a few of BWPs, CSI-RS can be configured in remaining BWPs in this CC. In this case, the power of both SS block and CSI-RS should be guaranteed. Or else, CSI-RS should not be configured in OFDM symbols with SS block. However, regarding CSI-RS for beam management, one whole OFDM symbol should be occupied for keeping L1-RSRP measurement accuracy in general. Keeping coverage is the essential requirement for both CSI-RS for beam management and SS, which means their transmission power should be sufficient. In our opinion, once this wideband CSI-RS for beam management is configured in SS block symbols, CSI-RS rather than SS block should be punctured. As a consequence, serious impacts on CSI-RS related L1-RSRP could be made, taking into account the issues of limited transmission power and only partial band. Besides, if also considering CSI-RS for whole band without puncturing together, the L1-RSRP comparison for beam determination would be very confusing, since the bandwidth and transmission power may be totally different. For instance, in LTE, the multiplexing between at least CSI-RS for whole band and SSS/PSS is not supported. Therefore, multiplexing between CSI-RS for beam management and SS block should not be supported.
Proposal 5: From a UE perspective, CSI-RS for beam management is not multiplexed on SS block symbol.
· CSI-RS and TRS
Regarding fine time/frequency tracking, we proposed to use CSI-RS as TRS as described in our companion contribution [3]. Since one port is enough for fine time/frequency tracking, unified design between TRS and CSI-RS for beam management can be supported. In this case, some resource of CSI-RS for beam management may be used for fine time/frequency tracking. As shown in Figure 3, one port CSI-RS on symbol #6,#7,#8,#9 is for Rx beam training, and CSI-RS on symbol #7, #11 is for fine time/frequency tracking where same Rx beam should be used on symbol #7 and #11. In other words, some CSI-RS resources can be used both for beam management and fine time/frequency tracking. 
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Figure 3 RE mapping for CSI-RS and TRS
Proposal 6: The resource of TRS and CSI-RS can be shared.
SRS and DMRS/PUCCH/PUSCH
· SRS and DMRS
In RAN1#89 meeting, there was an agreement on SRS RE mapping as following
· NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where
· N = 1, 2, 4 at least
As described in section 2.3, 4 UL distributed DMRS symbols are also needed for high speed train scenario. In order to ensure 4 adjacent symbols for SRS transmission, SRS resource should be allowed to be overlapped with some DMRS patterns, especially with DMRS pattern for extreme high speed scenario.
[bookmark: OLE_LINK1]Proposal 7: SRS resource can be overlapped with some DMRS patterns.
Moreover, since SRS pattern is aligned with configuration type 1 of front loaded DMRS pattern, it is possible to share resource between UL DMRS and SRS, i.e. same signal for DMRS and SRS.  It is useful to measure real interference and reduce SRS overhead. In addition, it is helpful for fast CSI measurement on gNB side if SRS can be mapped on UL front loaded DMRS symbol.
· SRS and PUCCH
Generally, orthogonal resource should be configured for SRS and PUCCH no matter from same UE or different UE side. When traffic load is not heavy, TDM is the best choice since there is no PAPR issue. FDM should also be supported to improve transmission efficiency, especially with CP-OFDM. 
When SRS and PUCCH are configured with some overlapping resources, the priority should be predefined. In our view, the priority order can be NACK > SRS > ACK, wherein ACK/NACK and SRS are from same UE. If UE needs to transmit ACK and SRS in same resources, ACK will be dropped. After detecting SRS correctly, gNB can know ACK is dropped and then the re-transmission will not  be scheduled. If UE needs to transmit NACK and SRS in same resources, SRS in the overlapping part will be dropped. Since the possibility of NACK is much lower than ACK, this dropping rule will not impact SRS transmission seriously. 
Proposal 8:  TDM, FDM and predefined priority between SRS and PUCCH should be supported, wherein priority order can be NACK > SRS > ACK.
· SRS and PUSCH
In order to improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH from same UE or different UE. To avoid the collision between SRS and PUSCH from different UE belong to the same cell, whether to use the reserved resource for PUSCH should be indicated by gNB. More details can be found in our companion contribution [4].
Proposal 9: Unused bandwidth on SRS symbol can be used to transmit PUSCH from same or different UEs.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we discuss multiplexing among PTRS, CSI-RS, SRS, TRS and DMRS. Furthermore, we provide our views as follows
Proposal 1: PTRS should be mapped on subcarrier(s) without carrying CSI-RS if data and CSI-RS can be transmitted in same OFDM symbol(s). Otherwise, PTRS should be punctured on the overlapping part if CSI-RS is transmitted in the whole OFDM symbol(s).
Proposal 2: For UL CP-OFDM, PTRS should be mapped on subcarrier without carrying SRS if data and SRS can be transmitted in same symbol. Otherwise, PTRS should be punctured on the overlapping part if SRS is transmitted in the whole symbol.
Proposal 3: From a UE perspective, CSI-RS can be mapped on DMRS symbols including front loaded DMRS symbols.
Proposal 4: From a UE perspective, CSI-RS can be mapped on PDCCH symbols.
Proposal 5: From a UE perspective, CSI-RS for beam management is not multiplexed on SS block symbol.
Proposal 6: The resource of TRS and CSI-RS can be shared.
Proposal 7: SRS resource can be overlapped with some DMRS patterns.
Proposal 8:  TDM, FDM and predefined priority between SRS and PUCCH should be supported, wherein priority order can be NACK > SRS > ACK.
Proposal 9: Unused bandwidth on SRS symbol can be used to transmit PUSCH from same or different UEs.
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