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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
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


The following was agreed at RAN1 NR Ad Hoc meeting [3]:
	Agreements:

· 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)

Agreements:

· Down-select among the following two options in the next meeting:

· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 

· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 

· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.

· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot
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
Conclusion:
· For both downlink and uplink, the second or later or additional DMRS is up to MIMO discussion.


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 UL/DL front-loaded DMRS

In NR Ad-Hoc#2 meeting, it has been agreed that, for DL, UE can be informed about the first DMRS position of the PDSCH between 1) fixed on the 3rd or 4th symbol of the slot (for slot-based scheduling), and 2) 1st symbol of the scheduled data (for non-slot-based scheduling). Specifically, for the slot-based scheduling case, it has been considered that the exact location between 3rd or 4th symbol is based on the PRB value. In this way, for a specific bandwidth, it can be seen as a fixed location (relative to the start of slot) of DL front-loaded DMRS. 
Moreover, in Ad-Hoc#2 meeting, two FL DMRS configuration types have been supported for DL/UL CP-OFDM. But there is no agreement about whether or not the front-load DMRS configuration type for a UE for UL and DL can be different. In this way, there is a possibility that UL and DL are configured with different FL DMRS types but at the same symbol locations. In this case, the UL and DL DMRS cannot be rate-matched, due to different DMRS patterns, and directly collide with each other, incurring severe performance loss for flexible duplexing. Moreover, DL and UL may also use different waveforms, e.g., UL using DFT-s-OFDM while DL using CP-OFDM, which makes the rate matching of FDMed UL and DL design much more complicated. Therefore, considering the UL/DL could be configured with different FL DMRS types or waveforms, TDM between UL and DL DMRS is preferred, i.e., the locations of UL/DL FL DMRS are different.
Proposal 1: For DL and UL configured with different FL DMRS configuration types or waveforms, support different first DMRS positions of DL and UL.
2.1.2 Symbol location of additional DMRS

In addition to the basic/front-loaded DMRS, additional mapping of DMRS, a.k.a., additional DMRS, is necessary to guarantee the accuracy of channel estimation in scenarios with high Doppler shift. Considering NR will support multiple scenarios/speeds, multiple additional DMRS configurations are need to achieve a balance between performance and overhead. In the following, we give several additional DMRS cases which can be considered based on the maximum additional symbol number that will be supported. 
· When each DMRS taking 2 symbols: 
· 1 front-loaded + 0 additional DMRS
· 1 front-loaded + 1 additional DMRS
· When each DMRS taking 1 symbol: 
· 1 front-loaded + 0 additional DMRS
· 1 front-loaded + 1 additional DMRS
· 1 front-loaded + 2 additional DMRS
· 1 front-loaded + (3) additional DMRS (for 500km/h)
The exact location of additional DMRS locations may also be influenced by different requirements, e.g., self-contained/non-self-contained ACK/NAK, 7/14-symbol slot, and etc. For non-self-contained slots, DMRS are expected to be allocated in time domain with equal intervals and less extrapolation to achieve better channel estimation accuracy. For example, at 12th OFDM symbol when one additional DMRS exists for 14-symbol non-self-contained ACK/NAK slot [4]. Whereas, for self-contained slots, additional DMRS are expected to be allocated earlier to reduce the delay. 
To simplify the design of additional DMRS, a set of DMRS symbol locations can be considered. For example, for DL CP-OFDM with 14 symbol slots and 3-symbol PDCCH, a symbol location set {4th ,8th ,12th } can be considered when 0-2 additional DMRS with 1 or 2 symbol(s) exists, where a specific symbol value or multiple values can be configured with static/semi-static/dynamic indication. Or, for DL CP-OFDM with 14 symbol slots and 3 PDCCH, a symbol location set {4th, 7th, 10th, 13th} could be considered when 0-3 additional DMRS exists.
Proposal 2: For DL CP-OFDM with 14 symbol slots, when first DMRS location is fixed on the 4th symbol, support a set of DMRS symbol location, e.g., {4,8,12} if 0-2 additional DMRS exists, or {4,7,10,13} if 0-3 additional DMRS exists.
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: As mentioned in the previous section, DMRS locations can be at, for example, a subset of {4, 8, 12}th symbol or a subset of {4, 7, 10, 13}th symbol in a 14-symbol slot. 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.
An example of the above allocations for a slot of 14 symbols is 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. An example of tiling the candidate CSI-RS locations with (2,1), (4,1) and (2,2) patterns is illustrated in Figure 2.

[image: image3.emf]f

t


Figure 2. Examples of CSI-RS configuration with patterns of size: (2,1), (4,1), (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. This may include cases that DMRS symbols allocated in FDMed PRBs are drawn from the two different sets {4,8,12} and {4,7,10,13}. In order to simplify the design, it is 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 co-scheduled UEs.
With regards to 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 to the CSI-RS resource configuration can be considered. For example, similarly to 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 on the 5th-14th symbol of a 14-symbol slot.
· In the case of a collision between CSI-RS and an SS block or DMRS, the CSI-RS is punctured.

· 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 3, 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.
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Figure 3. Methods of achieving non-overlapping between PTRS and CSI-RS
Evaluations are performed to check the performance gain of shifting PTRS, where PTRS is mapped on every symbol and every 4th RB, while CSI-RS occupies 4 symbols and 8 REs in each RB. As can be seen in Figure 4, significant performance gains can be achieved by shifting and preserving PTRS, as compared with simple puncturing. Detailed evaluation assumptions can be found in R1-1712241.

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. Performance gain of shifting and preserving PTRS when collided with CSI-RS
5 Multiplexing 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 rate matching around TRS can be similar as the configuration of comb pattern based CSI-RS. 
Proposal 6: The rate matching around TRS can be similar as the configuration of comb pattern based CSI-RS.
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: For DL and UL configured with different FL DMRS configuration types or waveforms, support different first DMRS positions of DL and UL.
Proposal 2: For DL CP-OFDM with 14 symbol slots, when first DMRS location is fixed on the 4th symbol, support a set of DMRS symbol location, e.g., {4,8,12} if 0-2 additional DMRS exists, or {4,7,10,13} if 0-3 additional DMRS exists.
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 on the 5th-14th symbol of a 14-symbol slot.
· In the case of a collision between CSI-RS and an SS block or DMRS, the CSI-RS is punctured.

· 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 (including NZP and ZP CSI-RSs).
Proposal 6: The rate matching around TRS can be similar as the configuration of comb pattern based CSI-RS.
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