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Introduction
The agenda of RS multiplexing was started in the RAN1 AH 1706, during which not  much progress was made. Considering that there are more RSs in NR than in LTE, multiplexing those RSs would be difficult.
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
For UL, the following RSs are to be considered
· Front-loaded DMRS
· Additional DMRS
· SRS for beam management
· SRS for CSI acquisition
· PT-RS
In this contribution, we will define the collision of signals, and further introduce the concept of set of non-collided signals, in which the collision of any two signals is not allowed in specification. The collision of a signal pair not in any set of non-collided signals should be specified individually based on priority.
 
Definition of signal collision
To clarify, signal collision is defined before any further discussion. A signal collision happens when the pattern of a signal is 
· not specified in the specification,
· not configured by L1 and higher layer signalings, and
· [bookmark: _GoBack]different from what it should have been due to colliding with another prioritized signal.
Example 1. One familiar example of a signal collision is that an eMBB PDSCH is preempted by another URLLC mini-slot transmission.
Example 2. Suppose that CSI-RS for beam management is configured to be in a continuous bandwidth within a carrier bandwidth or bandwidth part. It is so under most cases, but when some PRBs are used by SS block, and those part of CSI-RS for BM should not be transmitted, it is a collision.
Example 3. Another example is that when CSI-RS for beam management is configured under all circumstances to be FDMed with one or more symbols of SS block, and CSI-RS for BM is defined such that some subband within is zero power, it is not a collision.
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Figure 1 Example of CSI-RS for BM and SS block
A set of non-collided signals (NCS) is a set in which any two signals are not supposed to collide. System may support multiple NCS sets, and one signal may be in more than one NCS sets.
One motivation to introduce NCS set, is to tackle with the signals with different priorities. Introducing the priority of signals can always address the collision between any pair of signals. For example, one can always write SS block > front-loaded DMRS > TRS >…, however it may put too much complexity especially at UE side. In the previous example, 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 we defined an NCS set, in which for example all the signals should have an equal priority and collision between is not expected. The algorithms receiving the signals only need to cover a small amount of cases or a single case of no collision.
Observation 1: 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.
We will start from a basic NCS set that contains higher priority signals that may have major impact on the system performance.

A basic NCS set with higher priority signals
Signals for tracking and synchronization purposes
SS block, CSI-RS/SRS for beam management, CSI-RS for L3 mobility, and TRS serves for tracking and synchronization to a serving or a potential beam, and that it is beneficial to keep the integrity of those signals. Meanwhile, since these signals are semi-statically configured, and their patterns are relatively fixed, it is easy in the design stage to ensure that any collision between any pair of those signals is avoided. 
Signals essential for demodulation
Front-loaded DMRS is the key to successful demodulation. The position of front-loaded DMRS is semi-statically configured (as CORESET length may be semi-statically configured) and also based on different scheduling type [1] with the following agreements in RAN1 AH 1706. Meanwhile, according to the current progress, front-loaded DMRS pattern is almost for certain mandatory, while additional DMRS can be switched on and off, which brings a higher priority of front-loaded DMRS. Although the number of symbols of front-loaded DMRS could be varying between 1 and 2, and the occupied REs in the respective symbols are subject to dynamic signaling, we can always assume for simplicity and flexibility that all REs in the two symbols carrying potential DMRS, which is the closure of front-loaded DMRS, should not multiplex other RSs.
	Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:
· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data
Agreements:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.
· FFS: Additional possibility of the another fixed position relative to the start of slot
· The exact fixed position can be changed depending on the duration of the scheduled data


Other semi-statically configured signals
CSI-RS/SRS for CSI acquisition, at least for periodic and semi-persistent (SP) ones, can be regarded as semi-statically configured. Those semi-statically configured signals have a relatively fixed pattern., which makes it easy to avoid collision with them. Also considering that RS collision and puncturing are not supposedly to be a regular incident, but should be treated as an exception, under which some performance loss might be expected. Periodic and SP CSI-RS/RS for CSI acquisition should be well designed to avoid any collision with other signals within the set of non-collided signals.
Proposal 1: NCS set A should be supported, which at least contains
· Signals for tracking and synchronization purposes, including SS block, CSI-RS/SRS for BM, CSI-RS for L3 mobility, and TRS.
· Signals essential for demodulation, including front-loaded DMRS.
· Other semi-statically configured signals, including periodic and SP CSI-RS/SRS for CSI acquisition.

Relations with other RSs
Regarding other RSs, including
· Aperiodic (AP) CSI-RS/SRS for CSI acquisition
· Additional DMRS
· PT-RS
Since there is no such issue of (both front-loaded and additional) DMRS collision with PT-RS, we only need to mainly address the potential collision related to AP CSI-RS/SRS for CSI acquisition. 
AP CSI-RS
Take AP CSI-RS for example, considering the following facts
1. DMRS/PT-RS and aperiodic CSI-RS probably belong to different UEs. In LTE, DMRS is scheduled by a DL DCI, while aperiodic CSI-RS is scheduled by an UL DCI.
1. UEs receiving DMRS/PT-RS may be aware of the aperiodic CSI-RS via the configuration of ZP CSI-RS in DCI, while UE receiving aperiodic CSI-RS may not be aware of the DMRS, which means if DMRS collides with aperiodic CSI-RS, UE receiving DMRS could know such an incident, while UE receiving aperiodic CSI-RS may not.
Therefore, we think additional DMRS and PT-RS should give way to aperiodic CSI-RS. In other words, if gNB configures ZP CSI-RS for PDSCH rate matching as in LTE, or a generalized RS for PDSCH rate matching as some companies proposed in the previous meetings, additional DMRS and PT-RS should not be transmitted on those resources.
Handling of additional DMRS and AP CSI-RS for CSI acquisition
For additional DMRS, gNB should puncture it when collision is inevitable, and when UE identifies the collision, it should discard the channel estimation derived from the polluted additional DMRS. The potential performance loss due to absence of some additional DMRS can be expected at gNB and robust transmission, e.g., low MCS, should be scheduled.
Handling of PT-RS and AP CSI-RS for CSI acquisition
For PT-RS, some companies are proposing to offset PT-RS to another subcarrier to avoid collision. From our point of view,
1) It does not address the problem when collision is inevitable.
2) The available subcarrier within a RB that a PT-RS can be mapped is limited.
3) UE handling of PT-RS is complicated.
Instead of offsetting PT-RS, we can look into the design of DMRS and PT-RS shown in Figure 2. When PT-RS is present, TD-OCC may not work well, therefore it is fair to assume that ports 6-11 are not scheduled. Therefore, PT-RS is only needed to be mapped on the lower 4 subcarriers for configuration type 1 and the lower 6 subcarriers for configuration type 2, respectively, where each subcarrier is associated with a DMRS port that occupies the same subcarrier on the DMRS symbol(s). The detailed discussion can be found in our companion contribution [2], where we think that only 4 orthogonal PT-RS ports in both configuration type 1 and 2 should be supported.
	Configuration Type 1
	
	Configuration Type 2

	One symbol
	2 symbols
	
	One symbol
	2 symbols

	2/3
	
	2/3/8/9
	2/3/8/9
	
	4/5
	
	4/5/10/11
	4/5/10/11

	0/1
	
	0/1/6/7
	0/1/6/7
	
	4/5
	
	4/5/10/11
	4/5/10/11

	2/3
	
	2/3/8/9
	2/3/8/9
	
	2/3
	
	2/3/8/9
	2/3/8/9

	0/1
	
	0/1/6/7
	0/1/6/7
	
	2/3
	
	2/3/8/9
	2/3/8/9

	2/3
	
	2/3/8/9
	2/3/8/9
	
	0/1
	
	0/1/6/7
	0/1/6/7

	0/1
	
	0/1/6/7
	0/1/6/7
	
	0/1
	
	0/1/6/7
	0/1/6/7

	2/3
	
	2/3/8/9
	2/3/8/9
	
	4/5
	
	4/5/10/11
	4/5/10/11

	0/1
	
	0/1/6/7
	0/1/6/7
	
	4/5
	
	4/5/10/11
	4/5/10/11

	2/3
	
	2/3/8/9
	2/3/8/9
	
	2/3
	
	2/3/8/9
	2/3/8/9

	0/1
	
	0/1/6/7
	0/1/6/7
	
	2/3
	
	2/3/8/9
	2/3/8/9

	2/3
	
	2/3/8/9
	2/3/8/9
	
	0/1
	
	0/1/6/7
	0/1/6/7

	0/1
	
	0/1/6/7
	0/1/6/7
	
	0/1
	
	0/1/6/7
	0/1/6/7


[bookmark: _Ref489433146]Figure 2 Example of DMRS ports pattern

CSI-RS, on the other hand, can be defined on the upper subcarriers within a PRB as much as possible, as shown in Figure 3, to reduce the possibility of collision between PT-RS and CSI-RS. If unfortunately CSI-RS reaches into the subcarriers where PT-RS should be mapped on, PT-RS should be punctured. The underlying reason is that
1) Most REs on that symbol will be occupied by CSI-RS, and there are few PDSCH REs remaining, such that the missing CPE on that symbol would have little impact on the entire PDSCH.
2) Unified priority among CSI-RS for BM, for L3 mobility, and for CSI acquisition.
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[bookmark: _Ref489433331]Figure 3 Mapping sequence of PT-RS and AP CSI-RS 
Meanwhile, considering the agreement on CSI-RS in RAN1 AH 1706, gNB can strive to avoid the collision between PT-RS and CSI-RS, via
1) Using different PRB comb with respect to CSI-RS and PT-RS, if the density of CSI-RS is less than 1, and the FD density of PT-RS is also less than 1.
2) When PT-RS is needed, usually for high frequency case, the number of ports of a CSI-RS resource is small, where a large group of physical antenna elements are used for analog beamforming, and the CSI-RS may not need to use the REs that should have been reserved for PT-RS.
	Agreements:
· Regarding CSI-RS RE Patterns for CSI Acquisition, support at least the following CSI-RS RE patterns for CSI acquisition for OCC based CDM
	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM
	Remark

	1
	>1, 1 
	1
	N.A.
	No CDM
	

	2
	1
	1
	(2,1)
	FD-CDM2
	

	4
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	16
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	FFS, CDM8 details



· Note: The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns, where a component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain (agreements in RAN1#88)
· Note: Density 1/2 is based on a PRB-level comb with the same comb offset value for all ports.
· Note: REs for CDM2 and CDM4(FD2,TD2) comprise adjacent REs
· Note: RAN1 will continue discussing adding more entries to the above table



The same rationale can also be applied to SRS. In this regard, AP CSI-RS/SRS for CSI acquisition should have a higher priority over additional DMRS, and PT-RS, and the NCS set discussed before can also include AP CSI-RS.
Proposal 2: Consider extending the NCS set A to include AP CSI-RS.
Proposal 3: AP CSI-RS/SRS should puncture additional DMRS and PT-RS if collision happens, and following priority should be considered:
· For DL, {SS block, CSI-RS, TRS, front-loaded DMRS} > {Additional DMRS, PT-RS}.
· For UL, {SRS, front-loaded DMRS} > {Additional DMRS, PT-RS}.
Additional DMRS and PT-RS
Since both front-loaded and additional DMRS are not supposed to collide with PT-RS, we can discuss another NCS set containing DMRS and PT-RS. For simplicity, this NCS can also include SS block, by not allowing to schedule a PDSCH containing an SS block. As for CSI-RS (for three purposes) and TRS,  impact on additional DMRS, and PT-RS cannot be guaranteed to none at least from the current stage. 
Proposal 4: NCS set B, including at least SS block, front-loaded DMRS, additional DMRS, and PT-RS, should be supported.

CORESET and preempting PDCCH/PDSCH
CORESET
Those two resources/channels are introduced to show a more delicate priority among the RSs. It is worth noting that in an NCS set, all the signals are not supposed to collide with each other, however it does not necessarily mean that a signal outside the NCS set can collide with some signals inside.
For any configured normal CORESET (not including CORESET for the preempting purpose), it is desirable that CORESET should be in both NCS set A and B, i.e., collision between CORESET and any one of SS block, CSI-RS/SRS, TRS, DMRS, and PT-RS, is not expected.
Proposal 5: Consider including CORESET in both NCS set A and B.
Preempting PDCCH/PDSCH
For preempting PDCCH and PDSCH, the collision with PT-RS, is highly likely, and it has to puncture PT-RS as the transmission of such a preemption should be guaranteed. Also, if collision with CSI-RS is not allowed, it may put too much restriction on the preempting occasions, increasing the latency. As for additional DMRS, it may also put too much restriction. The preemption indication can be later sent to respective UEs to assist handling of those polluted RSs. The most extreme and the most simple method is to discard the channel/beam estimation derived from those preempted RSs.
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.
The remaining RSs are SS block, front-loaded DMRS, and TRS. 
· SS block serves the entire cell and only occupies partial bandwidth, so it does not put much restriction on the preempting transmission, if SS block is not preempted.
· Front-loaded DMRS is essential for the victim UE, and it only uses at most 2 symbols, so it can be considered to put restriction on preempting on front-loaded DMRS symbols. The indication overhead can be reduced if those symbols carrying front-loaded DMRS is not preempted.
· Since TRS is only transmitted with a relatively large periodicity, and within a TRS burst, there are still many symbols left for possible preemption. It can also be considered not to allow preempting on TRS symbols. 
Proposal 6: A NCS set C including SS block, front-loaded DMRS, TRS, and preempting PDCCH/PDSCH should be considered.
Proposal 7: Preempting PDCCH/PDSCH can puncture CORESET, CSI-RS, additional DMRS, and PT-RS.

Summary
Based on the discussion, there are 3 NCS sets, shown as following
	
	NCS set A
	NCS set B
	NCS set C

	SS block(*)
	√
	√
	√

	CSI-RS/SRS for BM/L3 mobility/CSI acquisition
	√
	
	

	TRS(*)
	√
	
	√

	Front-loaded DMRS
	√
	√
	√

	Additional DMRS
	
	√
	

	PT-RS
	
	√
	

	CORESET(*)
	√
	√
	

	Preempting PDCCH/PDSCH(*)
	
	
	√

	(*): not applicable for UL.



Meanwhile, the priority on those signal pairs that are not in any of the three NCS sets should follow
· For DL, {SS block, TRS, Front-loaded DMRS, Preempting PDSCH/PDCCH} > {CORESET, CSI-RS} > {Additional DMRS, PT-RS}
· For UL, {Front-loaded DMRS, SRS} > {Additional DMRS, PT-RS}
To be more straightforward, we can have Table 1, which specifies which signal should be transmitted in case of collision. The high-lighted entry means that the signal at the same 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: _Ref489518296]Table 1 Signal priority and collision handling
	
	SS block
	TRS
	Front-loaded DMRS
	Preempting PDCCH/PDSCH
	CORESET
	CSI-RS/SRS
	Additional DMRS
	PT-RS

	SS block
	
	-
	-
	-
	-
	-
	-
	-

	TRS
	-
	
	-
	-
	-
	-
	TRS
	TRS

	Front-loaded DMRS
	-
	-
	
	-
	-
	-
	-
	-

	Preempting PDCCH/PDSCH
	-
	-
	-
	
	Preempting PDCCH/PDSCH
	Preempting PDCCH/PDSCH
	Preempting PDCCH/PDSCH
	Preempting PDCCH/PDSCH

	CORESET
	-
	-
	-
	Preempting PDCCH/PDSCH
	
	-
	-
	-

	CSI-RS/SRS
	-
	-
	-
	Preempting PDCCH/PDSCH
	-
	
	CSI-RS/SRS
	CSI-RS/SRS

	Additional DMRS
	-
	TRS
	-
	Preempting PDCCH/PDSCH
	-
	CSI-RS/SRS
	
	-

	PT-RS
	-
	TRS
	-
	Preempting PDCCH/PDSCH
	-
	CSI-RS/SRS
	-
	



It is worth noting that for those signal pairs not in any of the three NCS sets, there is always a bottom line, which is that gNB should strive to reduce signal collision based on scheduling decision.
Observation 2: gNB should strive to reduce the signal collision based on scheduling decision between those signal pairs not in any of the three NCSs.

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. The following are the observations and proposals.
Observation 1: 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 2: gNB should strive to reduce the signal collision based on scheduling decision between those signal pairs not in any of the three NCSs.
Proposal 1: NCS set A should be supported, which at least contains
· Signals for tracking and synchronization purposes, including SS block, CSI-RS/SRS for BM, CSI-RS for L3 mobility, and TRS.
· Signals essential for demodulation, including front-loaded DMRS.
· Other semi-statically configured signals, including periodic and SP CSI-RS/SRS for CSI acquisition.
Proposal 2: Consider extending the NCS set A to include AP CSI-RS.
Proposal 3: AP CSI-RS/SRS should puncture additional DMRS and PT-RS if collision happens, and following priority should be considered:
· For DL, {SS block, CSI-RS, TRS, front-loaded DMRS} > {Additional DMRS, PT-RS}.
· For UL, {SRS, front-loaded DMRS} > {Additional DMRS, PT-RS}.
Proposal 4: NCS set B, including at least SS block, front-loaded DMRS, additional DMRS, and PT-RS, should be supported.
Proposal 5: Consider including CORESET in both NCS set A and B.
Proposal 6: A NCS set C including SS block, front-loaded DMRS, TRS, and preempting PDCCH/PDSCH should be considered.
Proposal 7: Preempting PDCCH/PDSCH can puncture CORESET, CSI-RS, additional DMRS, and PT-RS.
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