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Introduction
In RAN1 #89 [1], the following agreements regarding the demodulation reference signal (DMRS) for data were made:

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
· Support ZC-sequence for UL DFT-S-OFDM DMRS

Agreements:
· For CP-OFDM, if one additional DMRS exists
· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 
· FFS additional DMRS position for 14-symbol slot
· Consider symbol 12th, 11th, 10th, 9th
· Study the location of additional DMRS for self-contained ACK/NAK slots 
· Evaluations are encouraged for next meeting

In RAN1 #89 [1], the following agreements regarding the demodulation reference signal (DMRS) for data were made:

Agreements:
· Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS
· FFS: Necessity of reduced DMRS density in additional DMRS symbols

Conclusion:
· When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission 
· For 7-symbol slot. down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· For  14-symbol slot, down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· Companies are encouraged to provide simulation results for additional DMRS position for mobility scenarios and the assumed number of symbols for front loaded DMRS and additional DMRS, and consider the minimum time to support fast demodulation for DM-RS pattern related design 
Working assumption:
· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM
· Front-load DMRS Configuration 1: Supports up to 8 ports
· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)
· One OFDM symbol: 
· To be down selected to 1 Alt:
· Alt 1: Comb 2 + 2 CS, up to 4 ports
· Alt 2: Comb 4 + 2 CS, up to 8 ports
· Two OFDM symbols: 
· To be down selected to 2 Alts:
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Comb 4 + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports
· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports
· Front-load DMRS Configuration 2: Supports up to 12 ports
· FD-OCC pattern with adjacent REs in the frequency domain
· One OFDM symbol:
· To be down selected to 1 Alt:
· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports
· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports
· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports
· Two OFDM symbols: 
· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· FFS: DMRS pattern before configuration, e.g., SIB1

In this contribution, we provide Qualcomm’s views on the NR DL DMRS for data. 
DMRS port multiplexing for front-load DMRS
In the previous meeting two configurations were agreed as a working assumption for both DL and UL front-load DMRS. Configuration 1 uses an IFDMA-based approach with an aim to be used for scenarios of up to 8 orthogonal ports, and Configuration 2 uses 2-FD-OCC with an aim for scenarios of up to 12 orthogonal ports. 
Configuration 1
One OFDM symbol 
For the one OFDM symbol front-load pattern of configuration 1, two alternatives have been proposed in the working assumption that use comb-2 + 2-CS (Alt. 1) and comb-4 + 2-CS (Alt. 2) to support up to 4 ports and up to 8 ports respectively.  
We consider the option of supporting up to 8 ports in one OFDM symbol a useful configuration in NR for the following reasons. NR should be able to support use cases with low delay spread channels, e.g., in some mmW scenarios, and high MU-MIMO, while not wasting 2 full symbols early on in the slot, otherwise this DMRS configuration will be very sensitive to Doppler spread estimation and mobility. After all, additional DMRS can always be configured in later symbols, to increase the density both in time and frequency domain if needed. Note also that it has been agreed that front-load DMRS and additional DMRS have the same density. Then, if Alt. 1 is agreed for Configuration 1, it means that in order to schedule more than 4 ports, only 2 symbols would be used for front-load DMRS, and then additional DMRS symbols, using an overhead of 2-symbols at a time would need to be configured, which may result in excessive overhead in some scenarios. For this reason we support Alt. 2 for the One OFDM symbol of Configuration 1.

[image: ]An additional reason for choosing Alt 2 over Alt 1 is the following: One concern that has been raised by some companies for not introducing frequency domain CDM-ing across non-adjacent REs (aka cyclic shifts in this configuration) is the fact that more complicated channel estimation algorithm might be needed compared to the case of frequency domain CDM-ing across adjacent REs (e.g., 2-FD-OCC). Alt. 2 is better suited to address this concern compared to Alt 1 by introducing the following: NR may introduce subsets of ports which are not frequency domain CDM-ed and a specific UE may be assigned only ports that belong to one subset. For example, in Alt. 2 DMRS pattern, as shown in the figure to the right, NR may define two subsets, S1={P1, P3, P2, P0} and S2 ={P5, P7, P6, P4}, and any UE will be assigned ports either from S1 or from S2 but not from both, unless it is a UE that may get more than rank 4 MIMO. Then, the channel estimation complexity and UE implementation is minimized, while ensuring a robust performance across a variety of scenarios without losing any significant scheduling flexibility. On the other hand, if Alt. 1 is agreed, it means that in order to support rank 4, ports that are orthogonalized through cyclic shifts are needed, which may increase the channel estimation complexity. 
Proposal 1: For the one symbol Configuration 1, support Alt 2, i.e.,  Comb 4 + 2 CS, up to 8 ports, under the additional constraint that a UE with a capability of receiving up to rank 2 or rank 4 may only be scheduled ports that are not CDMed in frequency. 
Two OFDM symbols
For the two OFDM symbol front-load DMRS, two out of three Alts should be chosen based on the working assumption. The motivation behind this working assumption is that, for mmW, the use of TD-OCC should be avoided, whereas for sub-6GHz, TD-OCC has been a very effective and well-known way of multiplexing ports across consecutive OFDM symbols. Following our proposal that for the one OFDM symbol Configuration 1, comb 4 should be supported in NR, for the two OFDM symbol case, Alt 3 should be at least supported, having in mind mmW scenarios, to get additional processing gain by repeating essentially, the first DMRS symbol.  Then, for the a DMRS pattern with TD-OCC ({1,1},{1,-1}), only one Alt is proposed that uses comb 2 + 2-CS. However, we do consider that it is more appropriate NR to support an Alt the comb 4 + TD-OCC ({1,1}, {1,-1}) pattern, over the comb 2 + 2-CS. 
Similarly, as it was the case for the one symbol Configuration 1, additional constraints on which ports are expected to be scheduled to one UE supporting up to rank 2 or rank 4 need to be specified. We propose a UE to receive ports that are not CDM-ed in frequency across non-adjacent REs, to decrease the UE channel estimation complexity without losing any scheduling flexibility.
Proposal 2: For the two symbol Configuration 1, at least support Alt 3, i.e.,  “Comb 4 + 2 CS + TD-OCC ({1 1}) up to 8 ports”, under the additional constraint that a UE with a capability of receiving up to rank 2 or rank 4 may only be scheduled ports that are not CDMed in frequency. 

Proposal 3: For the two symbol Configuration 1, consider substituting Alt 1 with “ Comb 4 + TD-OCC ({1 1}, {1,-1}) up to 8 ports”, under the additional constraint that a UE with a capability of receiving up to rank 2 or rank 4 may only be scheduled ports that are not CDMed in frequency. 
Configuration 2
The use case of configuration 2 is to support high MU-MIMO for up to 12 ports, following an earlier agreement that NR supports the maximal of 12 ports. Based on that, this is a configuration that is supposed to be relatively sparser in frequency compared to Configuration 1 since it should be designed to support higher number of ports. Introducing Alt 2 or Alt 3 for the one symbol DMRS is only repeating the functionality that can be achieved by Configuration 1, without any justified additional gain. Also, following the 2-symbol Configuration 2 which supports up to 12 ports using TDM, it is clear that one symbol should support up to 6 ports. 
[image: ]Proposal 4: For the one symbol Configuration 2, NR supports up to 6 ports.
However, it is still unclear why such a configuration that uses 2-FD-OCC+TDM or 2-FD-OCC+TD-OCC is a better choice than using a comb-6 + TDM or comb-6+TD-OCC respectively. After all, at the receiver side, after depatterning the two ports in the 2-FD-OCC, it results to essentially a comb-6 pattern, as shown in the Figure to the right. Actually, due to the depatterning that is needed to be performed at the receiver, this may only introduce an additional error floor compared to the case of comb-6, or it might lead to similar performance while making more difficult both the specification work and the implementation work. Therefore, we make the following proposal: 
Proposal 5: For the one symbol Configuration 2, consider supporting “comb-6” for up to 6 ports. For the two symbol Configuration 2, consider supporting “comb 6 + TD-OCC({1,1},{1,-1})” and “comb 6+ TDM” for up to 12 ports.
Different TPR (traffic-to-pilot ratios) per port when TDM-ing ports
TDM-ing ports without TD-OCC may result to different traffic-to-pilot ratios for different ports which may dynamically change depending on the number of ports that are transmitted in each slot. That issue may arise in scenarios where the precoding vectors do not have equal power. Even though such a problem could be addressed using an additional DCI signalling by specifying dynamically the TPR per port, such a signalling would introduce too much overhead and must be avoided. For this reason we propose the following:

Proposal 6: The TPR (Traffic to Pilot Ratios) is only configured semi-statically for both DMRS configurations. 
[bookmark: _Ref378529477]DMRS Position
We propose to re-use the 1-symbol front-load DMRS pattern (which is designed to support up to 12 ports in one OFDM symbol) to support all the different scenarios described in Section 3.
Position of the front-load DMRS symbol
The following working assumption was made in the previous meeting:
· 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

Based on that working assumption, and since front-load DMRS is supposed to be in fixed position independent of the PDSCH, we propose to transmit the front-load DMRS either on the 3rd or 4th symbol depending on the system bandwidth size. 
[image: ] 								[image: ]  		
DMRS position of front-load DMRS is fixed in the 4th symbol of a slot for system bandwidth less than X PRBs.
[image: ]							[image: ]
DMRS position of front-load DMRS is fixed in the 3rd symbol of a slot for system bandwidth more than X PRBs.

Proposal 7: The first symbol of front-loaded DM-RS is fixed in the 3rd or 4th symbol of a slot for a system bandwidth more or less than X PRBs respectively.
ACK in the same slot: Low-latency applications
Based on the working assumption from RAN1 88bis, NR supports a front load DMRS with one or two consecutive symbols. 
               [image: ]         						      [image: ]
DMRS position for self-contained slots for static users (only front-load DMRS)
However, the patterns shown in Figure 4-1 will not provide a good performance even in moderate Doppler spread scenarios (e.g. 70 Hz). This will cause significant degradation in the data throughput especially at high SNR. In order to achieve meaningful expansion of supported Doppler range, the interpolation based channel estimation (i.e. non-causal channel estimation) has to be employed as much as possible. In other words, the interpolation is applied for the channel estimates in between the preamble and the midamble, and the extrapolation only for the channel estimates on the OFDM symbols after the midamble. Notice that this is only achieved at the cost of increase in the receiver complexity, since the data decoding cannot start until the midamble is received. For such a non-casual option to be supported in a self-contained mode of operation, the position of the mid-able would need to be optimized under the following considerations:
1) Adding the mid-able during the end of the second slot would require a UE that can speed-up the processing by an excessive amount which will not be realistically possible to be achieved. 
2) If the mid-able appears too early in the slot, then not a meaningful expansion of supported Doppler range will be achieved.

Based on the DMRS evaluation studies [2], we propose to use the 3rd and 6th symbol of the 14-symbol slot with the ACK/NAK transmitted in the 14th symbol as shown in the next Figure. 
[image: ]
DMRS position for self-contained slots for low mobile users (1-symbol front-load + 1 additional DMRS in the 6th symbol)
We now provide a short demonstration of the performance improvement expected by this pattern compared the patterns with DMRS on the 3rd and 4th symbol. We provide results for comparing the following patterns for self-contained ACK/NAK slot operation (ACK/NAK is in the 14th symbol) for 4 GHz, 30 KHz, 30 Kmh, 4 Tx - 4 Rx with rank 2 and link adaptation with TBLER at 10%. 
[image: ]  [image: ] 
[image: ]
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Observe the significant loss that the having just the pattern with DMRS in the 3rd and 4th symbol. Even at 20 dB geometry the loss is around 5 dB. These results are for 30 Kmh only. For more results on this topic please see [2].
Proposal 8: In a self-contained ACK/NAK 14-symbol slot, NR supports front loaded DMRS + additional DMRS.

It should be noted that self-contained ACK/NAK can also be supported for high speed use cases by employing casual DMRS processing and additional looks in time as show in the next Figure. For example, the UE may employ noncasual processing up to the 6th symbol, and then updates the channel estimate 2 additional times (at the 7th and 9th symbol). Such a pattern can still provide a robust performance for high speed cases (for example at 120 kmh or even higher), with reasonable throughput loss against the non-self-contained slot operation even at high geometries.

[image: ]
Additional DMRS position for self-contained ACK/NAK slot for very high speed scenarios

Proposal 9: In a self-contained ACK/NAK 14-symbol slot, NR studies the location of more than one additional DMRS symbols.
ACK in the later slot: Delay-tolerant applications
For the delay tolerant applications, the ACK/NACK response can be delayed to later slots (no-self-contained slot). In this case, the non-causal channel estimation can be performed in order to achieve the improved data throughput in high Doppler scenarios. 
As far as performance is concerned, the location of additional DMRS should be chosen to be in one of the last couple of symbols to ensure that the channel extrapolation is minimized. Based on the evaluation results in [2], we observe that using the symbol before the last of the DL-burst provides overall a robust performance while enjoys a few additional benefits: 
· Note that adding DMRS in the last symbol of the DL burst would result in high EVM requirements for the last symbol of the burst, without any significant performance gains. 
· Also, the last symbol of the DL-burst could also be used for one-symbol CSIRS, when reporting in the next slots (non-self-contained CSI) is configured to ensure that the CSI transmission and reporting are close in time even if they are happening in different slots. 

Proposal 10: At least for the no-self-contained ACK/NAK 14-symbol slot with a DL-burst of 11 symbols, NR supports additional DMRS in the 10th symbol.

[image: ] 		
Additional DMRS position for non-self-contained ACK/NAK slot, high speed pattern with 11 symbols of DL-burst.

For even higher speeds, an additional DMRS could be added in the 6th symbol of the symbol as shown in the next Figure
[image: ]
Two additional DMRS positions for non-self-contained ACK/NAK slot, very high speed pattern with 11 symbols of DL-burst.

Proposal 11: At least for the no-self-contained ACK/NAK 14-symbol slot with a DL-burst of 11 symbols, NR supports additional DMRS in the 6th and 10th symbol.

Note that the same DMRS locations can be used for a scenario of DL-only slots as shown in the figure below.

[image: ]
DMRS positions for very high speed use case for a DL-only 14-symbol slot

Proposal 12: At least for a DL-only 14-symbol slot and very high speed use case, NR supports additional DMRS in the 6th, 10th, 13th symbol. 

DMRS location for slot aggregation and DMRS bundling scenarios
In scenarios of slot aggregation, DMRS design should not be dependent on whether and how many slots are aggregated. Such a dependency on the slot aggregation would only increase complexity with potential performance loss in most of the scenarios. 
For example, in [2] we compared the following options:
[image: ]
We observed that in most scenarios removing one of the symbols leads to performance degradation due to the processing gain loss. Also, removing the front-load DMRS (as shown in the 3rd figure above) could have system-level performance impact due to the fact that inter-cell interference will be more difficult to handle when the neighbour cell is using a slot with one symbol front-load DMRS (Data-aided-interference cancellation from neighbour cell is more difficult).

Proposal 13: In scenarios of DMRS bundling in time domain, DMRS patterns within any of the slots is not impacted.
DMRS sequence design 
The ability to construct the RS sequences used by the other UE’s paired on the same resource block for MU-MIMO, or the UE’s in the neighbouring cells, can facilitate the channel estimation of those interferers, which in turn can be used in the interference suppression/cancellation performed at the receiver. For example, in LTE UL, DMRS sequence depends on the UE allocation. Such design makes RS sequence construction very difficult and hence makes DMRS detection and interference cancellation (IC), joint-demodulation difficult. Therefore, the RS sequence should not be UE-specific. Rather, it should be dependent only upon the resource and the cell-ID, as in the LTE DL UE-RS sequence design. 
Proposal 14: DMRS sequence should be resource specific, instead of UE-specific.
Bursty interference measurement (BIM)
Estimation of noise and interference power (covariance matrix for MIMO) is necessary for some types of receivers (e.g. MMSE, MMSE-IRC, etc.), and DMRS may be used for that purpose. However, due to the bursty nature of inter-cell interference in NR, the amount of interference could potentially be different for each symbol within a slot. For instance, NR supports short-burst transmissions for mini-slots and URLLC within a regular eMBB slot, unscheduled UL transmission without grant, dynamic TDD, etc. 
Although the demodulation performance is a strong function of the accuracy of interference estimates for each symbol and tone, the time-domain density of DMRS symbols may not be high enough to capture the fine variation in the interference. Therefore, we propose to use dedicated resources (e.g. sparsely spaced null tones embedded in scheduled PRBs) to improve the accuracy of interference estimation and hence enhance the DL demodulation. Potentially, we see that the existing configuration framework of PTRS could be reused for BIM resource assignment. More details are provided in our companion contribution on this topic. We make the following proposals:
Proposal 15: NR UEs are provided with dedicated resources and signalling for bursty interference measurement (BIM) at demodulation time.
Proposal 16: Null tones embedded in the scheduled RBs can be used for BIM. The null tone is sparsely spaced in frequency but densely placed in time (possibly on every OFDM symbol).
Proposal 17: In NR, consider reusing PTRS configuration for BIM.
Conclusions
We propose:
Proposal 1: For the one symbol Configuration 1, support Alt 2, i.e.,  “Comb 4 + 2 CS, up to 8 ports”, under the additional constraint that a UE with a capability of receiving up to rank 2 or rank 4 may only be scheduled ports that are not CDMed in frequency.
Proposal 2: For the two symbol Configuration 1, at least support Alt 3, i.e.,  “Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports”, under the additional constraint that a UE with a capability of receiving up to rank 2 or rank 4 may only be scheduled ports that are not CDMed in frequency. 
Proposal 3: For the two symbol Configuration 1, consider substituting Alt 1 with “ Comb 4 + TD-OCC ({1 1}, {1,-1}), up to 8 ports”, under the additional constraint that a UE with a capability of receiving up to rank 2 or rank 4 may only be scheduled ports that are not CDMed in frequency. 
Proposal 4: For the one symbol Configuration 2, NR supports up to 6 ports.
Proposal 5: For the one symbol Configuration 2, consider supporting “comb-6” for up to 6 ports. For the two symbol Configuration 2, consider supporting “comb 6 + TD-OCC({1,1},{1,-1})” and “comb 6+ TDM” for up to 12 ports.
Proposal 6: The TPR (Traffic to Pilot Ratios) is only configured semi-statically for both DMRS configurations.
Proposal 7: The first symbol of front-loaded DM-RS is fixed in the 3rd or 4th symbol of a slot for a system bandwidth more or less than X PRBs respectively.
Proposal 8: In a self-contained ACK/NAK 14-symbol slot, NR supports front loaded DMRS + additional DMRS.
Proposal 9: In a self-contained ACK/NAK 14-symbol slot, NR studies the location of more than one additional DMRS symbols.

Proposal 10: At least for the no-self-contained ACK/NAK 14-symbol slot with a DL-burst of 11 symbols, NR supports additional DMRS in the 10th symbol.
Proposal 11: At least for the no-self-contained ACK/NAK 14-symbol slot with a DL-burst of 11 symbols, NR supports additional DMRS in the 6th and 10th symbol.
Proposal 12: At least for a DL-only 14-symbol slot and very high speed use case, NR supports additional DMRS in the 6th, 10th, 13th symbol. 
Proposal 13: In scenarios of DMRS bundling in time domain, DMRS patterns within any of the slots is not impacted.
Proposal 14: DMRS sequence should be resource specific, instead of UE-specific.
Proposal 15: NR UEs are provided with dedicated resources and signalling for bursty interference measurement (BIM) at demodulation time.
Proposal 16: Null tones embedded in the scheduled RBs can be used for BIM. The null tone is sparsely spaced in frequency but densely placed in time (possibly on every OFDM symbol).
Proposal 17: In NR, consider reusing PTRS configuration for BIM.
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