Page 1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #89	R1-1708596
Hangzhou, China, 15th – 19th May 2017

Agenda item:	8.1.2.4.2
Source: 	Qualcomm Incorporated
Title: 	Discussion on DL DMRS design
Document for:	Discussion/Decision
Introduction
In RAN1 #88bis [1], the following agreements regarding the demodulation reference signal (DMRS) for data were made:
Agreements:
· Confirm the following working assumption:
· Support at least the following design of DL DM-RS for data channels
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
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

Conclusions:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3

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

Conclusion:
· Consider the issue of collision between DC subcarrier and DMRS. 
· Evaluate and analyze whether it can be solved by implementation or if DMRS design needs to take DC subcarrier into account

Agreements:
· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation
· Aim to decide in the next meeting whether to support same density only, or lower density only, or both
· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.

In this contribution, we provide Qualcomm’s views on the NR DL DMRS for data. The accompanying contribution [2] contains detailed evaluation results. 
Configurable DMRS patterns
Note that one DMRS pattern may not be able to satisfy the requirements of various applications and use cases under various conditions. Therefore, it is desirable to adapt the pattern, depending on the use case (e.g. low latency applications, delay-tolerant applications, and also depending on Doppler spread), but at the same time try to minimize the number of available patterns for keeping low both the standardization and commercialization efforts . We propose NR to support at least the following DMRS patterns.
Proposal 1: NR supports DMRS patterns at least for the following scenarios:
· DMRS patterns to address low-latency applications (self-contained ACK/NAK slots)
· One DMRS pattern to address static users
· Up to two DMRS patterns to address low and medium/high speed users
· DMRS patterns for delay-tolerant applications (i.e., not for slots with self-contained ACK/NAK slots)
· One DMRS pattern to address high speed users
· Up to two DMRS patterns to address very high speed users (up to 500 kmh). 
 DMRS port multiplexing
Time-domain multiplexing in 2-symbol front-load
In this meeting we need to down select between 5 alternatives regarding the time-domain multiplexing of ports for the scenario of a 2-symbol front-load DMRS. The alternatives are:
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3

It is generally well-known and well-tested from LTE that TD-OCC across consecutive DMRS symbols can provide a robust performance without any power imbalance issues. For this reason we propose that at least Alt. 1 should be supported in NR for the scenario of front-load DMRS with consecutive DMRS symbols. However, TD-OCC could lead to possible complications in mmW deployments due to the phase noise issue. Therefore, the question is whether Alt. 1 will be complemented with   Alt. 2 or Alt. 3.  
As we will describe below, TDM-ing of ports has some several fundamental problems that render it a bad alternative compared to a DMRS pattern that multiplexes all ports in one OFDM symbol. TDM-ing DMRS ports without using TD-OCC has two additional drawbacks as we explain below.
Peak-power loss on the downlink 
Specifically, to exemplify the problem, we consider a toy example with 2 subcarriers and 2 OFDM symbols where 2 ports are either TDMed in adjacent symbols or FDMed inside the same OFDM symbol. We consider a transmitter with two antennas and a maximum power at each physical antenna of 1.
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In the above figure we denote as a tuple [X,Y] the power of each antenna at each resource element and the last row contains the total power of each antenna for each OFDM symbol. Assume that the power on each data resource element for each antenna is 0.5. 
· Then, if the DMRS are FDMed on the first symbol, the first (second) antenna may transmit an RS with a power of 1 on the first (second) subcarrier corresponding the first (second) port, without violating the per-antenna maximum power constraint. 
· However, if the DMRS are TDMed, then each antenna can only transmit with a power of 0.5 in the first subcarrier carrying the RS of that port, because it also transmits with a power of 0.5 in the second subcarrier of the same symbol (total of 1 for this OFDM symbol) because it carries data for the same port. Similarly, the second antenna will only be able to transmit DMRS with a power of 0.5 in the second OFDM symbol. 
In other words, if the RSs are TDMed there is a peak-power loss that does not exist if the RSs are FDMed (or if we use TD-OCC across adjacent symbols).  Even though in this toy example we consider the case of one antenna port mapping to one physical antenna, in scenarios of antenna virtualization, similar problems may appear depending on the virtualization. Such problems and considerations do not exist if the RSs are not TDMed. 
Different TPR (traffic-to-pilot ratios) per port 
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. For a paper that describes and demonstrates this problem through examples please also see [5]. To demonstrate again the problem with a toy example, consider the case of a 3-port transmission with a precoder that assigns powers in each stream in a data resource element as follows: [2/3, 1/6, 1/6], i.e., the power is not splitted equally across the ports (e.g., a transmitter that performs a waterfilling-based svd precoder). In the following figure, we show how the TPR changes for each port when the DMRS are TDMed compared to the case they are FDMed. Supporting such an option would require an additional DCI signalling since the TPR changes depending on the power allocation across streams and/or the number of ports, otherwise there can be a transmission power utilization loss (in an attempt to have equal TPR some RSs would need to be transmitted with a different power that would result in performance loss). 
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Therefore, we propose:

Proposal 2: For the scenario of 2-symbol front-load DMRS and time-domain multiplexing, NR shall support 
· Alt. 5: Configure between Alt. 1 and Alt. 3

In Alt. 3 each OFDM symbol may carry up to 12 ports, which could happen using a 4-comb with 3 cyclic shifts, as shown in the figure below. Note that the second OFDM symbol may just be a repetition of the first to result in a density of 2 REs/port/PRB or it can even be a staggered version of it (a pattern shift as described in Alt3) to get an increased frequency domain density. 
[image: ]								[image: ]
A: repetition											B: pattern shift
Example of 2-symbol DMRS with up to 12 ports constructed with a repetition of a pattern shift of the 1-symbol DMRS using a comb-4 plus 3 cyclic shifts
If TD-OCC is configured in the DMRS pattern, the 2-symbol DMRS pattern which is a repetition of the 1-symbol DMRS can be used to create CDM groups in adjacent REs in the time domain. 
Note that the same comb-4 pattern with just two cyclic shifts may be used to support up to rank 8 as shown in the next figure:
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A: repetition											B: pattern shift
Example of 2-symbol DMRS with up to 8 ports constructed with a repetition of a pattern shift of the 1-symbol DMRS using a comb-4 plus 2 cyclic shifts
Similarly, for patterns with up to rank 4 a comb-4 or a comb-2+2-CS may be used to get unified designs for all scenarios. Again, it should be noted that TD-OCC may be configurable to create CDM groups in adjacent REs in the time domain for the 2-symbol pattern that is designed as a repetition of the 1-symbol front-load DMRS. 
We make the following notes:
· Note that ensuring that all ports are contained into one OFDM symbol allows for a more optimized scheduling of additional DMRS with the same density in later part of the slots, without resulting into excessing overhead.
· Additional studies are needed to agree in which use cases repetition or pattern shift for the 2-symbol DMRS should be supported. The pattern shift, or in other words staggering, across symbols is expected to provide some gains in scenarios of large delay spread due to its inherent ability to provide higher frequency domain resolution. 
· Using a comb-4 pattern and not a comb-6 for supporting up to rank 12 is motivated by the following:
· Limit the maximum power boosting in one symbol to 6 dB (scenarios that no data are FDMed with the RS) as it was chosen in LTE, otherwise it would require up to a 9 dB boost when only one port is configured from the 12 ports (unless data is FDMed with the RS).
· Less edge effect is expected compared to the comb-6 scenario. 
· Commonality with the up to 8-port pattern and commonalities of the receiver processing.
Frequency domain port multiplexing
 Frequency domain uniform vs. non-uniform patterns
In [3-4] we provided comparative results between the proposed comb patterns and a DMRS proposal with non-uniform frequency domain pattern. 
Note that a DMRS pattern that is non-uniform in frequency does not allow for simple wideband channel estimation procedures. Such channel estimation procedures should be enabled in NR, particularly due to the large bandwidth allocations that NR is expected to support, both in sub6 Ghz and mmW frequencies. Having a non-uniform frequency-domain DMRS is not friendly to such wideband channel estimation procedures. Having said that, in [2] we do provide results that compare such patterns with the proposed comb-based patterns that are uniform in frequency for scenarios of narrowband allocations (8 PRBs, with 4 RB bundling for channel estimation) to investigate whether any gains of are expected. However, we only observed a gain of the order of a small fraction of a dB (~0.2 dB) in the limited scenario of high geometry + high delay spread + high Doppler spread. Therefore, we propose NR to adopt DMRS patterns that are uniform in the frequency domain since the latter may provide a unified solution for DL, UL, sidelink, for DFT-S-OFDM and CP-OFDM waveforms, for wideband and narrowband channel estimation procedures. 
 Comb-based vs. FD-OCC-based patterns
The comparison of a comb-based pattern with cyclic-shifts against FD-OCC-based patterns leads to the following observations:
· Both may provide a similar performance when a narrowband channel estimation is used with a reasonable PRB bundling (4 PRBs), when the receiver is designed appropriately (MMSE-based channel estimation).
· Using FD-OCC across adjacent REs to multiplex two ports is motivated by the fact that ports may be de-patterned sub-optimally and could lead to a simplified receive processing.
· However, even though this may be true for some frequency-flat channels, for scenarios with large delay spread this is not the case as we show in [5]. Such a receiver design would result to clear losses. 
· If on the other hand, the correlation across adjacent (or non-adjacent) symbols is taken into account at the receive processing in the MMSE channel estimation, both approaches would result to comparable performance when it comes to narrowband channel estimation. 
· However, the comb-based pattern may provide better performance in scenarios of wideband (FFT-based, time domain processing) channel estimation procedures compared to the FD-OCC pattern. One fundamental issue of the FD-OCC pattern is the fact that the explicit depatterning cannot be avoided if the receiver wants to perform a wideband channel estimation procedure (FFT-based, time domain processing). 
· This is because, the receiver would need to depattern the measurements first and then perform an FFT operation, which would result into losses compared to a comb-pattern which requires just a FFT operation to be performed in order to get the optimal performance. 
· In other words, using an FD-OCC pattern could lead NR to miss out from the gains that can be achieved from the wideband channel estimation procedures whose effectiveness, robustness and optimality have been proven repeatedly in LTE for other blocks, e.g., CRS. 
· The comb-based pattern can be re-used for the UL for both CP-OFDM and DFT-S-OFDM waveforms
· This would lead to less specification work and a common design across waveforms.
· Allows for MU-MIMO of DFT-S-OFDM with CP-OFDM users in the UL.

Proposal 3: NR supports IFDM (comb-based) DMRS patterns for the DL data channel with cyclic shifts used for port multiplexing inside each comb. RPF of 2 and 4 is supported.
[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 1-symbol front-load DMRS symbol
Based on the previous agreement, a down selection is needed regarding the location of the first DMRS symbol. It has been agreed that the location of front-load DMRS will be fixed. We propose the first DMRS symbol in a slot to be located in the 3rd symbol as shown below:
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DMRS position of front-load DMRS is fixed in the 3rd symbol of a slot

Proposal 4: The first symbol of front-loaded DM-RS is fixed in the 3rd symbol of a slot regardless of the first symbol of PDSCH.
ACK in the same slot: Low-latency applications
An additional DMRS symbol may be needed to support larger delay spread for the given number of ports to multiplex. For example, if there are 12 orthogonal ports, then a 2nd OFDM symbol may be needed for additional processing gain. 
               [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. 
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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: ] 
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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 5: In a self-contained ACK/NAK 14-symbol slot, NR supports an additional DMRS at the 6th symbol. 

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 6: In a self-contained ACK/NAK 14-symbol slot, NR studies the location of more than one additional DMRS.
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 7: 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 8: 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 9: 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 10: In scenarios of DMRS bundling in time domain, DMRS patterns within any of the slots is not impacted.
PT-RS for sub-6 GHz mobility support?
It has been proposed to study the usage of PT-RS for supporting the high speed scenarios for sub-6GHz. In [2], we provide throughout results which demonstrate that preferring the usage of PT-RS over additional DMRS symbol, as shown above can only lead to worse performance. The performance loss is evident in scenarios of high mobility and high delay spread. Such scenarios are a typical use case for sub-6 GHz deployment cases. In [2] we observed that for high Doppler scenarios, considering the same total RS overhead, configuring additional DMRS symbols provides the same or better performance over using PT-RS for data demodulation.
This means that, as far as demodulation performance is concerned, using PT-RS for sub-6GHz as a DMRS is a worse design compared to the case that additional symbols of DMRS are configured, through for example repetition of the 1-symbol front-load DMRS pattern, as we showed in Section 4.4.
Density of additional DMRS
In previous meeting it was agreed to perform further evaluations regarding the density of the additional DM-RS symbols, and whether using same or lower density compared with front loaded DM-RS, needs to be supported. In [2] we compare the following four patterns for a variety of scenarios and observe that configuring an additional DMRS with reduced density compared to the front load DMRS leads only to clear performance losses.
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For this reason we propose NR to support only additional DMRS with the same density as the front-load DMRS.

Proposal 11: NR supports only DMRS pattern where the additional DMRS has the same density as the front-load DMRS.
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 12: DMRS sequence should be resource specific, instead of UE-specific.
Conclusions
Proposal 1: NR supports DMRS patterns at least for the following scenarios:
· DMRS patterns to address low-latency applications (self-contained ACK/NAK slots)
· One DMRS pattern to address static users
· Up to two DMRS patterns to address low and medium/high speed users
· DMRS patterns for delay-tolerant applications (i.e., not for slots with self-contained ACK/NAK slots)
· One DMRS pattern to address high speed users
· Up to two DMRS patterns to address very high speed users (up to 500 kmh). 

Proposal 2: For the scenario of 2-symbol front-load DMRS and time-domain multiplexing, NR shall support 
· Alt. 5: Configure between Alt. 1 and Alt. 3

Proposal 3: NR supports IFDM (comb-based) DMRS patterns for the DL data channel with cyclic shifts used for port multiplexing inside each comb. RPF of 2 and 4 is supported.

Proposal 4: The first symbol of front-loaded DM-RS is fixed in the 3rd symbol of a slot regardless of the first symbol of PDSCH.
Proposal 5: In a self-contained ACK/NAK 14-symbol slot, NR supports an additional DMRS at the 6th symbol. 

Proposal 6: In a self-contained ACK/NAK 14-symbol slot, NR studies the location of more than one additional DMRS.

Proposal 7: 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 8: 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 9: 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 10: In scenarios of DMRS bundling in time domain, DMRS patterns within any of the slots is not impacted.
Proposal 11: NR supports only DMRS pattern where the additional DMRS has the same density as the front-load DMRS.
Proposal 12: DMRS sequence should be resource specific, instead of UE-specific.
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