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1. Introduction
In [1], it was agreed that non-overlapping between PT-RS and CSI-RS (or SRS) is supported.
	Working assumption:

· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

· One OFDM symbol: 

· To be down selected to 1 Alt:

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols: 

· To be down selected to 2 Alts:

· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol:

· To be down selected to 1 Alt:

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· FFS: DMRS pattern before configuration, e.g., SIB1

Agreements:
· The RBs containing PTRS can be derived from the scheduled RBs and the associated frequency density

· For a given RB, if present, one PTRS port should be mapped on one subcarrier carrying one or more DMRS ports of the associated DMRS port group

· FFS: to support different subcarriers by complementary option  

· 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

· 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

· FFS: Support non-overlapping between PTRS and SS block

· FFS whether PTRS or SS block should be punctured or shifted on overlapping part if PTRS and SS block are collided


For periodic/semi-persistent CSI-RS and SRS, it is challenging to change their RE position dynamically. On the other hand, PT-RS RE position can be dynamically changed, since its presence and time/frequency pattern would be implicitly determined by DCI. Accordingly, it is preferable to change RE positions of PT-RS to avoid the collision between PT-RS and other RSs. In this contribution, we propose RE position shifting of PT-RS to support non-overlapping between PT-RS and CSI-RS (or SRS).
2. Discussion on PT-RS shifting 
· RE position shifting of PT-RS in the frequency domain 
In the previous meeting, it was working assumption that 2 DMRS configurations are defined for the front loaded DMRS for UL/DL CP-OFDM. In this subsection, we discuss RE position shifting of PT-RS in the frequency domain based on DMRS configuration #1 and #2.  
In Figure 1, we assume DMRS configuration 1 where there is one DMRS port with CS 2, one PT-RS port, and CSI-RS. Also, we assume that PT-RS with in a PRB is located in the DMRS subcarrier with lowest index in the PRB. Here, Figure 1 (a) illustrates that PT-RS collides with CSI-RS, and then, the collision can be avoided by shifting PT-RS in the frequency domain, as shown in Figure 1 (b).
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Figure 1
Proposal 1: Support RE position shifting of PT-RS in the frequency domain to avoid collision between PT-RS and other RSs (e.g. CSI-RS, SRS).
In Figure 2, we assume DMRS configuration 2 where there is one DMRS port, one PT-RS port, and CSI-RS. Contrast to DMRS configuration 1, Figure 2 (b) shows that PT-RS cannot avoid a collision with the CSI-RS, if the PT-RS should be located on the same subcarrier as the associated DMRS.   

For this reason, it should be allowed that PT-RS can be located on the different subcarrier as the associated DMRS, as shown in Figure 2 (c), if PT-RS should be shifted in the frequency domain to avoid the collision.  
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Figure 2
Proposal 2: Support that PT-RS can be located on the different subcarrier as the associated DMRS, if PT-RS should be shifted in the frequency domain to avoid the collision.

Meanwhile, it was agreed that SRS with comb 2 is supported. In this case, DMRS Configuration 1 also results in the above problem. Accordingly, Proposal 1 would be adopted regardless of DMRS configuration.  

· RE position shifting of PT-RS in the time domain 
Figure 3 illustrates PT-RS time patterns #1, #2 (a), and #2 (b) where DMRS configuration 2 is assumed. 
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Figure 3
In Figure 3, PT-RS pattern #2 (a) shows the collision between PT-RS and CSI-RS. In this case, RE position shifting of PT-RS in the time domain is considered as shown in PT-RS pattern #2 (b). Or, additional PT-RSs can be defined around the collision RE, as plotted in PT-RS pattern #2 (c). However, these approaches have several defects, compared to RE position frequency shifting, as 

1 PT-RS time pattern #1 cannot support the avoidance. 

2 PT-RS pattern #2 (b) and (c) have higher RS overhead of 20% than PT-RS pattern #2 (a).

3 If two or more RSs are contiguous in the time domain, its maximum time density is less than 1/2, as plotted in Figure 4. In this case, performance degradation would be expected due to CPE estimated from PT-RSs on the 9-th and 12-th OFDM symbols. 
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Figure 4
Accordingly, further study on necessity of RE position shifting of PT-RS in the time domain is needed.

Proposal 3: Further study on necessity of RE position shifting of PT-RS in the time domain is needed.

3. Conclusion
In this contribution, we discussed implicit RE position shifting of PT-RS to support non-overlapping between PT-RS and CSI-RS (or SRS). From the discussion, our proposals are as follows:
Proposal 1: Support RE position shifting of PT-RS in the frequency domain to avoid collision between PT-RS and other RSs (e.g. CSI-RS, SRS).
Proposal 2: Support that PT-RS can be located on the different subcarrier as the associated DMRS, if PT-RS should be shifted in the frequency domain to avoid the collision.
Proposal 3: Further study on necessity of RE position shifting of PT-RS in the time domain is needed.
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