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1 Introduction
In the previous meeting, it was agreed to study further how to handle PT-RS collision with CSI-RS. Also, issues on CSI-RS multiplexing with DMRS or SS block had been actively discussed. In this contribution, we further discuss multiplexing of different types of RS based on such agreements.

	Agreements:[1]
· 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.

Agreements:[2]
· Study further how to handle PT-RS collision with CSI-RS.
Agreements:[2]
· 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)


2 Multiplexing of different types of RS

2.1 CSI-RS
In RAN1 NR Ad-hoc#2 meeting, there were active discussions on multiplexing of CSI-RS and other RSs considering several pros and cons of each option. Offline discussion on multiplexing between CSI-RS and DMRS can be summarized [3] as
· Multiplexing between CSI-RS and DMRS

· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on all potential DMRS OFDM symbol(s) at least for slot with 7/14 OFDM symbols.

· Option 2-2: 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 3-2, CSI-RS is not multiplexed on the potential front-loaded DMRS OFDM symbol(s)

· Option 2-3: From a UE perspective, CSI-RS can be multiplexed on all potential DMRS OFDM symbol(s).

Comparing different options for multiplexing of CSI-RS and SS block/DMRS, option 1-1 (in Section 1) and 2-1 could be beneficial from a UE implementation complexity point of view, and these options fundamentally would not cause signal collision problem between CSI-RS REs and other RS REs. On the other hand, CSI-RS capacity would be limited in those options. If CSI-RS multiplexing with other signals needs to be unavoidably allowed, it should be limited to a case of RB-level multiplexing due to the high complexity of handling RE-level multiplexing and collision avoidance in the implementation. In other words, CSI-RS can be FDMed with SS block/DMRS in different PRB set but not in the same PRB set. 
For RB-level multiplexing, handling of subband CSI would be an issue. If an unexpected and/or expected collision event between aperiodic/semi-persistent CSI-RS and SS block is occurred on SS block symbol(s), the configured CSI-RS REs can be punctured or omitted according to predefined priority rules. Then, it would result in the lack of CSI measurement in a certain frequency subband. Thus, multiplexing of CSI-RS and SS block should be limited to a particular type of CSI-RS not requiring subband CSI reporting such as CSI-RS for beam management or CSI-RS for wideband CSI reporting. 
Alternatively, we may consider defining a UE behavior for the overlapped subband such as excluding the overlapped subband for subband CSI reporting and so forth. For similar reasons, multiplexing of CSI-RS and DMRS should be carefully allowed with some restrictions. Depending on the location of additional DMRS symbol(s), we may need to consider RE-level multiplexing of CSI-RS and DMRS as well as RB-level multiplexing. In that case, CSI-RS type, number of ports, and/or RE pattern allowed to be RRC configured in a set of those potential symbol(s) for DMRS needs to be specified by considering different RE patterns according to different DMRS types.

Proposal 1: Baseline is TDM of CSI-RS and SS block/DL DMRS. If CSI-RS capacity is insufficient, consider RB-level multiplexing first. 

2.2 SRS
Whether or not to allow FDM of SRS and UL DMRS depends on the possible symbol locations of SRS. Current agreement states that a X-port SRS resource can span 1, 2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource. For UL beam management, it can be considered to use more than 4 symbols in a slot. In our view, 4 symbols in a slot would be sufficient for UL beam management purpose as well as UL CSI acquisition purpose. In this regard, UL DMRS may not have a chance to be collided with SRS unless additional DMRS is located at symbols later than 10th symbol in a slot.
Proposal 2: TDM of SRS and UL DMRS would be sufficient. 
2.3 PTRS
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 section, we propose RE position shifting of PT-RS to support non-overlapping between PT-RS and CSI-RS/SRS. 

In the previous meeting, there was an online debating between frequency shifting and puncturing of PT-RS when it collides with CSI-RS/SRS. In our view, puncturing of PT-RS is a valid option in some conditions but it is not a valid solution for all different situations. First of all, we need to consider the situation of multiple CSI-RS resources are configured within a slot. A CSI-RS resource can span 2 or 4 symbols and if three CSI-RS resources are configured in different symbols for multi-TRP/beam operations in a slot, we could lose almost all PT-RS REs (6 or 12 symbols) by the puncturing operation. In addition, we also need to consider wideband operation and CW mapping in NR. Since frequency first mapping for a CW will be supported in NR though other options are under discussion, a code block can be contained within a symbol. Thus, the impact of losing some of PT-RS REs can be crucial in wideband operations. 

Observation 1: Impact of puncturing of colliding PT-RS REs can be crucial considering wideband operation with frequency first mapping of a CW and/or multiple CSI-RS resource configuration.
Proposal 3: Support RE position shifting of PT-RS in the frequency domain within REs CDMed with its original subcarrier to avoid collision between PT-RS and other RSs (e.g. CSI-RS, SRS).
Besides the collision handing issue, multiplexing of PT-RS and CSI-RS needs to be taken into account when it comes to PT-RS RE position in frequency. In case of DMRS configuration 2, where a DMRS port spans two consecutive subcarriers in frequency, if we align PT-RS subcarrier position to the lowest subcarrier position of the associated DMRS, all PT-RS subcarriers will be located in odd subcarrier indices so that the room for CSI-RS will be limited, since Y (Y≥2) CSI-RS port spans at least two consecutive subcarriers. Shuffling of PT-RS subcarrier position would be helpful to make more room for CSI-RS, i.e., PT-RS is transmitted on the lowest index of the associated DMRS port(s) for certain DMRS port indices and on the second lowest index of the associated DMRS port(s) for the other DMRS port indices if there is no collision with other RSs. 

Observation 2: For DMRS configuration 2, randomization of PT-RS subcarrier position can provide more room for CSI-RS.
3 Conclusion
In this contribution, we discussed not only multiplexing between SRS and UL DMRS, but also implicit RE position shifting of PT-RS to support non-overlapping between PT-RS and CSI-RS. From the discussion, our observations and proposals are as follows:

Observation 1: Impact of puncturing of colliding PT-RS REs can be crucial considering wideband operation with frequency first mapping of a CW and/or multiple CSI-RS resource configuration.
Observation 2: For DMRS configuration 2, randomization of PT-RS subcarrier position can provide more room for CSI-RS.
Proposal 1: Baseline is TDM of CSI-RS and SS block/DL DMRS. If CSI-RS capacity is insufficient, consider RB-level multiplexing first. 

Proposal 2: TDM of SRS and UL DMRS would be sufficient. 
Proposal 3: Support RE position shifting of PT-RS in the frequency domain within REs CDMed with its original subcarrier to avoid collision between PT-RS and other RSs (e.g. CSI-RS, SRS).
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