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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.  However, the specific positions in time/frequency domain for these RSs have not been determined yet. Furthermore, the issue of possible collision among RSs should also be fixed. 
In this contribution, we discussed the RE mapping on PTRS, CSI-RS, SRS, DMRS and TRS. Specifically, we analysed the relationship among these RSs.
Discussion
PTRS and CSI-RS
In RAN1#89 meeting [1], there was an agreement on mapping between PTRS and CSI-RS as follows
· Support non-overlapping between PTRS and CSI-RS
· FFS whether PTRS or CSI-RS should be punctured or shifted on overlapping part if PTRS and CSI-RS are collided
Since the density of PTRS in frequency domain is very low, only one subcarrier per several PRBs may be used for one PTRS port. In order to save signaling overhead, the subcarrier position can be fixed within one PRB or several PRBs. However, the collision between PTRS and CSI-RS may not be avoided if the subcarrier carrying PTRS is fixed. As described in Figure 1a, 4 port CSI-RS is configured on OFDM symbol#7, #8 and subcarrier#0, #1. In PRB#0, PTRS is collided with configured CSI-RS since PTRS is fixed on subcarrier#0. Consequently, the phase rotation of data in symbol#7, #8 cannot be compensated if PTRS is punctured on the overlapping part, and the performance will be degraded. More details and simulation results can be found in our companion contribution [2].  Otherwise, CSI acquisition will be impacted if CSI-RS is punctured. 
Since there are some subcarriers which are not used for CSI-RS transmission on the symbol#7 and #8 which carry CSI-RS, PTRS can be mapped on these subcarriers in order to avoid collision between PTRS and CSI-RS, e.g. PTRS can be mapped on subcarrier#2 as shown in Figure 1b.
[image: ]
(1a) PTRS maps on subcarrier with CSI-RS      (1b) PTRS maps on subcarrier without CSI-RS
Figure 1 Illustration of PTRS and CSI-RS
Although PTRS and CSI-RS can be transmitted in the same symbols in some scenarios as shown in Figure 1b, the puncture have to be done when CSI-RS are mapped on the whole symbols as shown in Figure 2. Since there is no data transmission on symbol#7 and #8, phase rotation compensation is unnecessary on these two symbols. And then, PTRS should be punctured on the overlapping part. 
[image: ]
Figure 2 Illustration of PTRS and CSI-RS
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
In last meeting, there was also an agreement on mapping between PTRS and SRS as follows
· Support non-overlapping between PTRS and SRS
· FFS whether PTRS or SRS should be punctured or shifted on overlapping part if PTRS and SRS are collided
If UE is configured CP-OFDM, the issue of mapping between PTRS and SRS is similar with that between PTRS and CSI-RS.  Therefore, UL PTRS should be mapped on subcarrier without carrying SRS if data and SRS can be transmitted in same symbol.. And then the phase rotation of data transmission in the symbol carrying SRS can be compensated. Otherwise, PTRS should be punctured on the overlapping part if there is no data in SRS symbol.
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
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 3a, 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 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 3b. In consequent, the symbol #6, #10 and #13 can be used for CSI-RS transmission. 
Moreover, sharing CSI-RS pattern with DMRS is useful in the following aspects
1. Facilitate interference measurement for real data precoding: If CSI-RS is also transmitted in DMRS patterns, 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, both of them can be sent in DMRS patterns.
2. Facilitate fast Tx/Rx beam adjustment: If DMRS is sent in CSI-RS patterns, sub-time unit pattern, e.g., IFDMA, larger SCS or DFT-based, can be used on DMRS for fast Tx/Rx beam adjustment.
[bookmark: _GoBack]In the above cases, if DMRS and CSI-RS are transmitted in the same RE patterns, same transmit power can be assumed for them. Then UE can perform channel/interference measurement as sequences of both RSs are known.
Proposal 3: CSI-RS and DMRS can be transmitted in shared RE pattern.
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(3a) DMRS pattern for high speed train scenario                          (3b) DMRS pattern for low UE speed scenario
Figure 3 Examples of DMRS patterns
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 only ensure non-overlapping between configured CSI-RS resources and transmitting PDCCH. In this case, UE only searches PDCCH outside configured CSI-RS resource within COREST, it can reduce UE complexity. 
Proposal 4: CSI-RS can be mapped on in COREST.
SRS and UL DMRS
In last 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 overlapping with some DMRS patterns, especially with DMRS pattern for extreme high speed scenario.
Proposal 5: SRS resource can be overlapping with some DMRS patterns.
TRS and CSI-RS
Regarding fine time/frequency tracking, we proposed to use CSI-RS as TRS as described in our companion contribution [3]. Since one or two ports are enough for fine time/frequency tracking, uniform 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 4, 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. 
[image: ]
Figure 4 RE mapping for CSI-RS and TRS
Proposal 6: The resource of TRS and CSI-RS can be sharing.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we discuss the RSs multiplexing among PTRS, CSI-RS, SRS 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: CSI-RS and DMRS can be transmitted in shared RE pattern.
Proposal 4: CSI-RS can be mapped on in COREST.
Proposal 5: SRS resource can be overlapping with some DMRS patterns.
Proposal 6: The resource of TRS and CSI-RS can be sharing.
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