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Introduction
This contribution is revised from R1-1715511.
In RAN1 AH 1709[1], regarding DL RS multiplexing with CSI-RS, the following agreements were reached.
	Agreements:
· Down-select among the following two options
· 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)
· FFS on the conditions when multiplexing is allowed 
· Down-select among the following two options
· From a UE perspective, for REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 
· Option 2-1: NZP CSI-RS can be multiplexed
· FFS: Whether or not a UE needs to be aware of the CORESET of another UE, e.g., through configuration of a ZP-CSI-RS
· FFS: Whether or not PBCH is affected for common CORESET configuration, e.g., through a configuration of ZP-CSI-RS
· Option 2-2: NZP CSI-RS is not multiplexed
· Down-select among the following two options
· Option 3-1: Within a BWP, a UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS
· E.g., 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 3-1, CSI-RS is not multiplexed on the potential front-loaded DMRS OFDM symbol(s)
· Option 3-2: From a UE perspective, CSI-RS can be multiplexed on all any potential DMRS OFDM symbol locations(s)
· Note: Additional restriction from cell-/UE-group perspective will be further discussed based on the down-selection above



Aspects regarding the priority between other pairs of signals need more study. In this contribution, we mainly discuss the principle and our preference on multiplexing DL RS. The similar methodology can be extended to UL. 
For DL, the following RSs are to be considered
· SS block
· Front-loaded DMRS
· Additional DMRS
· CSI-RS for beam management
· CSI-RS for CSI acquisition
· CSI-RS for L3 mobility
· TRS
· PT-RS
To show a delicate priority, two other signals/channels/resources are introduced
· CORESET
· Preempting PDCCH/PDSCH

Definition of signal collision
To clarify, signal collision is defined before any further discussion. A signal collision happens when the pattern of either one of a pair of signals is 
· not specified in the specification,
· not configured by L1 and higher layer signalings, and
· different from what it should have been due to another prioritized signal.
Observation 1: A signal collision is declared when the pattern of a signal is 
· not specified in the specification,
· not configured by L1 and higher layer signalings, and
· different from what it should have been due to another prioritized signal.
When we deal with the signal collision, the priority between signals needs to be addressed. However, sometimes we do not want handle the collision between a pair of two signal by specification due to the following two reasons
· Such a collision between the two signals seldom happens and can be handled by careful design during the study phase, i.e., specification strives not to support the collision and does not specify the behavior upon collision, e.g., the collision of {front-loaded DMRS, SS block}, and {front-loaded DMRS, CSI-RS for beam management}.
· UE complexity may rise because of massive hypotheses of collision. For example, one can always write SS block > front-loaded DMRS > TRS >…, but from UE’s perspective, to receive TRS, UE has to prepare algorithms in case TRS is overridden by SS block, and/or by front-loaded DMRS. For the signals with lower priority, the receiving algorithm should take all other signals into consideration. The complexity can be reduced if by default UE can assume that it is not expected to handle the collision between some pairs of signals.
Therefore, we introduce the set of non-collided signals (NCS), which is defined as a set in which any two signals are not supposed to collide. Specification may support multiple NCS sets, and one signal may be in more than one NCS sets.
Observation 2: The reason to introduce NCS set is to treat the signals in an NCS set with equal priority, and not to specify the collision handling.

NCS sets
NCS set A
NCS set A includes SS block, front-loaded DMRS, TRS, all types of CSI-RS, and CORESET.
For SS block, front-loaded DMRS, TRS, CSI-RS for beam management, CSI-RS for L3 mobility, and CORESET, they are essential for tracking and demodulation and the integrity should be kept under most cases due to the importance to UE. This does not preclude the case that SS block and CORESET can be FDMed with a CSI-RS or TRS, as long as there is no collision.
For CSI-RS for CSI acquisition, we slightly prefer to include it due to the following considerations
· It may be configured under the same framework as CSI-RS for other purposes.
· It is hard to justify the portion of puncturing by other signals, which may result in a significant impact on the CSI accuracy.
· For UE not expected to receive the CSI-RS, ZP CSI-RS is indicated in LTE, especially for AP CSI-RS, therefore it is not supposed to receive other signals in the REs for ZP CSI-RS.

Proposal 1: Collisions between signals in NCS set A should not be supported or specified, where NCS set A includes
· SS block
· Front-loaded DMRS
· TRS
· CSI-RS for beam management
· CSI-RS for CSI acquisition
· CSI-RS for L3 mobility
· CORESET
Proposal 2: CSI-RS and TRS can be multiplexed on the SS block and CORESET symbols, but the puncturing of either one is not supported.

NCS set B
NCS set B include SS block, all DMRS, and PT-RS.
It addresses the less significant signals, i.e., additional DMRS and PT-RS. 
UE is not expected to handle the puncturing of additional DMRS and PT-RS from the presence of SS block, and it may put some restriction on scheduling from gNB. For example, gNB is not expected to schedule PDSCH in the following manner shown in Figure 1, where partial additional DMRS is punctured by the SS block. Preventing such a case can significantly reduce the UE complexity, and therefore we think it is important. It is the same for PT-RS in high frequency bands.
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[bookmark: _Ref492390807]Figure 1 Collision with SS block (15kHz) and additional DMRS
Also based on the previous agreement on the symbol location of additional DMRS, shown in Figure 2 and Figure 3, with respect to the location of the first DMRS being 3rd and 4th, respectively. Once different UEs are configured with a different number of additional DMRS, there is not much room for a continuous wideband allocation of CSI-RS or TRS, therefore, collision between additional DMRS and CSI-RS/TRS is inevitable. 
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[bookmark: _Ref494303803]Figure 2 Possible additional DMRS positions when the first DMRS is on the 3rd symbol
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[bookmark: _Ref494303809]Figure 3 Possible additional DMRS positions when the first DMRS is on the 4th symbol

Observation 3: RAN1 should specify the collision between additional DMRS, and CSI-RS/TRS.
Proposal 3: Collisions between signals in NCS set B should not be supported or specified, where NCS set B includes
· SS block
· Front-loaded DMRS
· Additional DMRS
· PT-RS
NCS set C
NCS set C includes SS block, front-loaded DMRS, TRS, and preempting PDCCH/PDSCH. 
It is related to preempting PDCCH/PDSCH, which is usually from a URLLC UE. Putting too many signals in NCS set C would undoubtedly increase the latency; however, the impact on the victim UE can be reduced if some restrictions on preemption is employed.
Including SS block in NCS set C does no harm to those URLLC UEs, as SS block occupies a small portion of bandwidth and is also visible to those UEs, gNB can simply avoid the scheduling in the SS block bandwidth or can do rate-matching around SS block.
Including front-loaded DMRS in NCS set C ensures that the channel estimation based on front-loaded DMRS is unaffected, so those victim UE can still have a possibility of correct decoding with the assist from the preemption indication. Therefore, UE receiving preemption indication is not expected to be indicated that the symbol(s) carrying front-loaded DMRS is/are preempted, which could in turn save the indication overhead.
Including TRS in NCS set C can ensure the time frequency tracking. As TRS is configured with a periodicity in a form of a reduced CRS, constantly interrupting receiving TRS would jeopardize the tracking performance of the victim UE. Meanwhile, TRS burst transmission only takes 4 symbols in 2 slots, while in each symbol, only a quarter of REs are used. URLLC UE could be informed the potential TRS of another UE, and do rate matching around the TRS REs if preempted PDCCH/PDSCH is on the same symbol as TRS.
Proposal 4: Collisions between signals in NCS set C should not be supported or specified, where NCS set C includes
· SS block
· Front-loaded DMRS
· TRS
· Preempting PDCCH/PDSCH

In conclusion, we proposed three NCS sets, and the collision between signals in each set should not be supported or specified. The signal pairs are summarized in Table 1, where the grey entries denote that signal in the row and the signal in the column are not collided.

[bookmark: _Ref492393813]Table 1 Unsupported of pair of collision handling
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Remaining collision handling
Collision involving additional DMRS and PT-RS
Additional DMRS and PT-RS may collide with TRS, preempting PDCCH/PDSCH, and CSI-RS. A simple way is to down-prioritize additional DMRS and PT-RS, as there would be a mechanism to inform the UE expecting DMRS and PT-RS of the presence of TRS, preempting PDCCH/PDSCH, or CSI-RS, but none the other way around. For example, CSI-RS belonging to another UE is indicated to the UE in the DL scheduling via ZP CSI-RS configuration in LTE, and if the similar way is adopted in NR, UE is supposed to be unexpected to receive DMRS or PT-RS in ZP CSI-RS REs.
Proposal 5: Prioritizing TRS, preempting PDCCH/PDSCH, and CSI-RS over additional DMRS, and PT-RS, i.e., additional DMRS and PT-RS can be punctured by TRS, PDCCH/PDSCH, and CSI-RS.
Collision involving preempting PDCCH/PDSCH
Since DMRS and PT-RS is addressed in the previous sub-section, we only need to consider CORESET, and CSI-RS.
For CORESET, preempting PDCCH/PDSCH can always preempt PDCCH for another UE, where the affected UE may not be able to correctly decode PDCCH resulting DTX or gNB simply does not transmit polluted PDCCH to the respective UE. Either way, no further indication is required.
For CSI-RS, allowing PDCCH/PDSCH to preempt CSI-RS is a compromised solution. UE can simply discard the beam estimation or channel estimation if the preemption indication shows that the RS is polluted, and wait for another round of scheduling.
Proposal 6: Prioritizing preempting PDCCH/PDSCH over CORESET, and CSI-RS, i.e., CORESET, and CSI-RS can be punctured by preempting PDCCH/PDSCH.

The proposed handling of the signal collision is shown in Table 2. The high-lighted entry means that the signal in the row is punctured, and special handling at the receiver should be expected. Whether it is indicated by gNB (e.g., preemption indication), transparent, or specified in the specification can be considered later.
[bookmark: _Ref492395313]Table 2 Signal priority and collision handling
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It is worth noting that for those signal pairs that are likely to collide, there is always a bottom line that gNB should strive to reduce signal collision based on scheduling decision.
Observation 4: gNB should strive to reduce the signal collision based on scheduling decision between those signal pairs not in any of the three NCS sets.

Conclusion
In this contribution, we discuss the collision handling of RSs. To reduce the UE complexity, set of non-collided signals (NCS set) is introduced, and we defined three NCS sets, and discuss the remaining prioritization issues. The following are the observations and proposals.
Observation 1: A signal collision is declared when the pattern of a signal is 
· not specified in the specification,
· not configured by L1 and higher layer signalings, and
· different from what it should have been due to colliding with another prioritized signal.
Observation 2: The reason to introduce NCS set is to treat the signals in an NCS set with equal priority, and not to specify the collision handling.
Observation 3: RAN1 should specify the collision between additional DMRS, and CSI-RS/TRS.
Observation 4: gNB should strive to reduce the signal collision based on scheduling decision between those signal pairs not in any of the three NCS sets.
Proposal 1: Collisions between signals in NCS set A should not be supported or specified, where NCS set A includes
· SS block
· Front-loaded DMRS
· TRS
· CSI-RS for beam management
· CSI-RS for CSI acquisition
· CSI-RS for L3 mobility
· CORESET
Proposal 2: CSI-RS and TRS can be multiplexed on the SS block and CORESET symbols, but the puncturing of either one is not supported.
Proposal 3: Collisions between signals in NCS set B should not be supported or specified, where NCS set B includes
· SS block
· Front-loaded DMRS
· Additional DMRS
· PT-RS
Proposal 4: Collisions between signals in NCS set C should not be supported or specified, where NCS set C includes
· SS block
· Front-loaded DMRS
· TRS
· Preempting PDCCH/PDSCH
Proposal 5: Prioritizing TRS, preempting PDCCH/PDSCH, and CSI-RS over additional DMRS, and PT-RS, i.e., additional DMRS and PT-RS can be punctured by TRS, PDCCH/PDSCH, and CSI-RS.
Proposal 6: Prioritizing preempting PDCCH/PDSCH over CORESET, and CSI-RS, i.e., CORESET, and CSI-RS can be punctured by preempting PDCCH/PDSCH.
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