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1 Introduction

The following was agreed at RAN1#88bis meeting [1]:
	Agreements:

· At least for CSI-acquisition, for density 1 RE/port/PRB, X<8, and N=1 or 2 OFDM symbol, support X-port CSI-RS resource composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain
· FFS X=1

· X=2: (M, N)= (2, 1) , FFS (1, 2)
· X=4: (M, N)= (4, 1) , (2, 2)
· FFS N > 2

· FFS: RE patterns for beam management

· FFS: the RE pattern for an X-port CSI-RS resource when X>=8

· FFS: the number of component CSI-RS RE patterns for X>=8-port CSI-RS resources

· Strive to minimize the possible pairs of (Y,Z) for the component CSI-RS RE patterns while considering configuration complexity and overhead
Agreements:
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH

· FFS: Mini-slot case


The following was agreed or proposed as working assumption at RAN1#89 meeting [2]:
	Agreements:

· At least for CSI acquisition, for N=2 OFDM symbols, support adjacent OFDM symbols for one CSI-RS resource
· For N=4 OFDM symbols, down-selection between 2 and 4 for the minimum number of adjacent OFDM symbols for one CSI-RS resource
· At least for CSI acquisition, for N=2 OFDM symbols, support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource 
· FFS: For N=4 OFDM symbols, the RE mapping pattern of one CSI-RS resource
Agreements:

· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports, at least the following option is supported:

· For N=1 OFDM symbol, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource

· FFS whether it’s 2 or 4

· For N=2 OFDM symbols, support [2 or 4 ] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource

· FFS whether it’s 2 or 4

· For N=4 OFDM symbols, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource

· FFS whether it’s 2 or 4
· FFS whether or not to support other options such as CDM CSI-RS antenna ports on a RE level comb based on phase rotation [cyclic shifts/sequences] including D=1 and D≠1
Agreements:

· For an X-port CSI-RS resource, at least for X = 1, support density D >= 1 RE/port/PRB

· FFS: Support for D > 1 for other values of X
· Note: For X = 1, CDM code value(s) assumed to be 1
Agreements:

· Confirm the WA of CSI-RS for Beam Management in RAN1 #88bis (copied below).
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
· FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 
· FFS the case of time unit larger than an OFDM symbol in a reference numerology
· E.g., 
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based
· Down-select from the below options when sub-time unit smaller than an OFDM symbol in a reference numerology:
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based 
· Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part
Working assumptions:
· For a time-duration of a CORESET:

· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
· FFS: X values

· FFS: Other time duration

· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions


This contribution discuss the RE mapping and multiplexing of different DL RSs including CSI-RS, DL DMRS, DL PT-RS, and time/frequency tracking RS (TRS). The related aspects include the symbol and RE location of CSI-RS, symbol location of DMRS and its multiplexing with PDSCH and associated DCI indication, DL PT-RS detailed mapping, and design and configuration of TRS. Other signals such as PDCCH (and CORESET) and SS block should be also considered.
2 Discussion on DL DMRS
2.1 Symbol location of DL DMRS

2.1.1 Symbol location of front-loaded DMRS

In #88bis meeting, it has been agreed that the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH. But the detailed symbol location of DL DMRS has not been determined so far. Many companies have considered that DL DMRS always mapping to the 3rd and 4th OFDM symbols for fast decoding, while assuming that the first two symbols are used as PDCCH. However, considering there has a working assumption in #89 meeting that PDCCH can support up to 3 OFDM symbols in NR, the assumption that DL DMRS starts at the 3rd OFDM symbol will be inappropriate. Therefore, to avoid the collision between PDCCH and DMRS, front-loaded DL DMRS starting at 4th OFDM should be considered in NR.
Proposal 1: Consider symbol location of DL front-loaded DMRS starting at 4th OFDM symbol in NR.
2.1.2 Symbol location of additional DMRS

In addition to the basic/front-loaded DMRS, additional mapping of DMRS is necessary to guarantee the accuracy of channel estimation in scenarios with high Doppler shift. In previous meetings, several possible symbol locations of additional DMRS have been widely discussed. In #88bis meeting, for CP-OFDM, there is a FFS of the possible symbol location when one additional DMRS exists, including 9th, 10th, 11th, 12th OFDM symbol.  As demonstrated in our companion contribution [3], additional DMRS at 12th symbol achieves the best performance compared to other candidates. The main reason is that it needs less extrapolation in time domain and thus incurs less estimation error for fast time-varying channels. 
Proposal 2: For 14-symbol slot with one additional DMRS, support symbol location of additional DMRS at 12th symbol.
2.2 Multiplexing of DMRS with PDSCH 

To increase system spectral efficiency, NR should allow for multiplexing of DMRS and data in the DMRS symbols. For example, data can be FDM-multiplexed with DMRS if the corresponding OFDM symbols have not been fully occupied by DMRS. In this case, the PDSCH mapping of a given UE should avoid the resource elements in which DMRS is transmitted for better PDSCH demodulation performance. 
In LTE, DMRS for UE is allocated and notified in a transparent manner, i.e., the scheduled UE is only notified of information that pertains to its own transmission and it does not know whether the transmission is MU-MIMO or SU-MIMO. In LTE, the transparency of DMRS indication for MU-MIMO is achieve by limiting the total number of orthogonal ports to 4 and using CDM4 to multiplexing DMRS ports. However, in NR, as maximal 12 orthogonal ports had been agreed to be supported for MU-MIMO, with limited size of CDM, it is difficult to maintain the same level of transparency as in LTE. 
Thus, in NR, additional information about the co-scheduled UE is needed at each UE for rate matching. Additional information, e.g., the total number of transmission layers or the assignment of DMRS ports to other co-scheduled UEs, could be indicated to a given UE. 
Proposal 3: In NR, additional information about the DMRS of co-scheduled UE needs to be indicated to each UE for rate matching.
3 RE Location of CSI-RS

The following were agreed in the previous meetings, proposed as working assumption, or proposed in this contribution regarding allocation of OFDM symbols to different signals:
· CORESET/PDCCH: It was proposed as working assumption to allocate:

· 1-3 symbols if the carrier bandwidth is smaller than or equal to X PRBs;

· 1-2 symbols if the carrier bandwidth is larger than X PRBs.
The values of X are FFS. CORESET/PDCCH will occupy the first symbols in a subframe.
· Front-loaded DMRS: up to 2 symbols for one front-loaded DMRS. As discussed in the previous section, front-loaded DMRS starts from the 4th symbol of the subframe.
· Additional DMRS: We assume 1-2 symbols in this contribution although high-speed use cases may demand a 3rd symbol for additional DMRS. As discussed in the previous section, 1-symbol additional DMRS achieves the best performance when located at the 12th symbol. In this section, we further assume a second additional DMRS (or a second symbol for the only additional DMRS) located at the 11th symbol.
· SS block: An SS block is composed of the following multiplexed in time:

· PSS: One symbol long in time and 12 PRBs wide in frequency (including a guard band);
· SSS: One symbol long in time and 12 PRBs wide in frequency (including a guard band);
· PBCH: Two symbols long in time and 24 PRBs wide in frequency.
The above allocations for a slot of 14 symbols are illustrated in Figure 1. The unallocated REs can be considered for CSI-RS.
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Figure 1. (a) Agreed/assumed REs for CORESET/PDCCH and DMRS as well as candidate REs for CSI-RS; (b) the amount of resources an SS block consumes at the center frequency.
The above candidate REs for CSI-RS can be used for TDMing/FDMing CSI-RS patterns. Examples of tiling the candidate CSI-RS locations with (2,1), (4,1) and (2,2) patterns are illustrated in Figure 2.
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Figure 2. Examples of CSI-RS configuration with patterns of size: (a) (2,1), (b) (4,1), (c) (2,2)

Therefore, in a 14-symbol slot, 7 symbols are available for allocation to CSI-RS while allowing collisions with SS blocks at some PRBs. In the case of a collision, the CSI-RS is punctured and SS block is transmitted.
In addition, the symbols reserved for potentially additional DMRS can be further considered for CSI-RS. This configuration will be particularly useful for beam management CSI-RS where a potentially large number of CSI-RS resources need to be configured for fast beam sweeping or in the case that certain REs from CSI-RS for fine time/frequency tracking are allocated in the potential symbol(s) of additional DMRS. Then, in the case of a collision between DMRS and CSI-RS in a certain part of the band, DMRS will take priority (i.e., CSI-RS will be punctured) and the affected UEs need to be informed for rate matching. In order to simplify the design, we have proposed in the companion contribution [5] to allow configuration of CSI-RS on a UE-specific subset of subcarriers, e.g., on the PRBs of a PDSCH. In that case, UEs may only be informed of RS multiplexing configurations within their allocated PRBs independently of other FDMed UEs.
Furthermore, it can be further studied whether unallocated frequency resources on the 1st, 2nd and 3rd symbol may further be considered for CSI-RS, which would become especially practical when configuration of CSI-RS on UE-specific subset of subcarriers is allowed.

Sub-symbol-time CSI-RS transmissions: It was agreed in the previous meetings to allow sub-symbol-time transmission of CSI-RS in a reference numerology. Figure 3 illustrates an example of how the candidate REs for CSI-RS can be configured to allow transmission of two (2,1) patterns in one symbol.
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Figure 3. Example of sub-symbol-time CSI-RS configuration with (2,1) patterns
In terms of rate matching around the agreed CSI-RS patterns, i.e. (2, 1), (4, 1), (2, 2), and other component RE pattern based CSI-RS patterns under discussion, the rate matching indication similar as the CSI-RS resource configuration can be considered. For example, similar as LTE, using a configuration index can be considered to represent one candidate pattern of a given number of ports. 
Proposal 4: CSI-RS can be configured at least at the 6th, 7th, 8th, 9th, 10th, 13th, 14th symbol of a 14-symbol slot.
· In the case of a collision between CSI-RS and an SS block, the CSI-RS is punctured and the affected UEs are informed.

· Additionally, the 11th and 12th symbol of a 14-symbol slot can be further considered for CSI-RS. In the case of a collision with additional DMRS, the CSI-RS is punctured and the affected UEs are informed.

· FFS whether unallocated frequency resources on the 1st, 2nd and 3rd symbol may further be considered for CSI-RS.
In the next section, we discuss how to handle collisions between CSI-RS and DL PTRS.
4 Multiplexing of DL PTRS and CSI-RS
While it has been agreed to support non-overlapping between PTRS and CSI-RS, it is FFS on whether PTRS or CSI-RS should be punctured or shifted on the overlapping part. If puncturing is applied, the system will suffer from either inaccurate phase estimation or inaccurate CSI acquisition. With CSI acquisition taking higher priority, when there is a potential collision, it appears reasonable to support non-overlapping by shifting the frequency position of PTRS by a certain number of subcarriers. As can be seen from Figure 4, the PTRS is shifted by a frequency offset to avoid collision between PTRS and CSI-RS. Through such shifting, both accurate phase estimation and CSI acquisition can be maintained.
Proposal 5: Support shifting the subcarrier for mapping DL PTRS by a frequency offset when colliding with CSI-RS (including NZP and ZP CSI-RSs).  
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Figure 4. Methods of achieving non-overlapping between PTRS and CSI-RS
5 RE Location of TRS
For 1-port CSI-RS, the agreed density can be equal to or larger than 1 RE/port/PRB. The typical use case of density D>1 RE/port/PRB can be fine time/frequency tracking, thus CSI-RS is proposed to take this functionality as well as CSI acquisition and beam management. The candidates of 1-port CSI-RS pattern for fine time/frequency tracking are illustrated in Figure 5. In each OFDM symbol, the occupied REs constitute a comb pattern. 

Define a 1-port comb-pattern-based CSI-RS resource with the following two parameters indicating the time and frequency location.
· Parameter 1: frequency-domain location of REs

This parameter includes comb value b, e.g. b=4 as shown in Figure 5(a), and a b-bit bitmap u to indicate which offset RE is occupied. Value '1' means the corresponding RE is configured. 
· Parameter 2: time-domain location of REs

Suppose that total g OFDM symbols can be used for CSI-RS transmission, then define a g-bit bitmap v to identify in which OFDM symbols the subcarriers as indicated in parameter 1 are occupied.

The rate matching around TRS can be similar as the configuration of comb pattern based CSI-RS, using parameter 1 and 2 for indicating the muted REs in frequency and time domain [7].
Assume that the 6th to the 14th OFDM symbols are potentially used for CSI-RS transmission, thus v is a 9-bit vector respectively corresponding to the 6th to the 14th OFDM symbols. Taking the candidate patterns proposed for TRS in Figure 5 for example, the configuration of the 1-port uniform pattern in Figure 5(a) includes b=4, u=[1 0 0 0], v=[1 0 1 0 0 0 1 0 1]. The staggered 1-port pattern in Figure 5(b) can be aggregated by the following two 1-port CSI-RS resources in the same slot.
· 1-port CSI-RS resource 1: b=6, u=[0 0 0 1 0 0], v=[0 0 1 0 0 0 0 0 1] 
· 1-port CSI-RS resource 2: b=6, u=[1 0 0 0 0 0], v=[1 0 0 0 0 0 1 0 0]
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Figure 5. 1-port CSI-RS pattern for fine time/frequency tracking
Proposal 6: Support 1-port CSI-RS with density D>1 RE/port/PRB for fine time/frequency tracking.
6 Conclusion
In this contribution, we discussed the symbol and RE location of CSI-RS, symbol location of DMRS and its multiplexing with PDSCH and associated DCI indication, how to handle collisions between CSI-RS and DL PT-RS, and design and configuration of TRS. The following were proposed:
Proposal 1: Consider symbol location of DL front-loaded DMRS starting at 4th OFDM symbol in NR.

Proposal 2: For 14-symbol slot with one additional DMRS, support symbol location of additional DMRS at 12th symbol.

Proposal 3: In NR, additional information about the DMRS of co-scheduled UE needs to be indicated to each UE for rate matching.
Proposal 4: CSI-RS can be configured at least at the 6th, 7th, 8th, 9th, 10th, 13th, 14th symbol of a 14-symbol slot.
· In the case of a collision between CSI-RS and an SS block, the CSI-RS is punctured and the affected UEs are informed.

· Additionally, 11th and 12th symbol of a 14-symbol slot can be further considered for CSI-RS. In the case of a collision with additional DMRS, the CSI-RS is punctured and the affected UEs are informed.

· FFS whether unallocated frequency resources on the 1st, 2nd and 3rd symbol may further be considered for CSI-RS.
Proposal 5: Support shifting the subcarrier for mapping DL PTRS by a frequency offset when colliding with CSI-RS (include NZP and ZP CSI-RSs).
Proposal 6: Support 1-port CSI-RS with density D>1 RE/port/PRB for fine time/frequency tracking.
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