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1
Introduction

During the RAN1 #90 meeting, the following agreement, conclusion and working assumptions related to DM-RS were made in [1]. 

Agreements:

· For CP-OFDM waveform based PUSCH and DFT-S-OFDM waveform based PUSCH without frequency hopping, the possible locations of UL DMRS symbol(s) are the same for a same number of DMRS symbol(s) for PUSCH

· FFS the case of DFT-S-OFDM waveform based PUSCH with frequency hopping

Agreements:

· DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource-specific, and is a function of at least the following parameters: scrambling ID and offset 

· FFS how to define the offset parameter (e.g., via signalling, implicitly derived, etc.)

· FFS the details of resource-specific (e.g., w.r.t to the wideband of a carrier, or a BWP, etc.)

· FFS the values of scrambling ID

· FFS other parameters
Agreements:
· For broadcast/multicast PDSCH:

· Additional DMRS is always present (Alt. 1)

· FFS: location and number of additional DMRS

Conclusion:

· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port: 

· Companies are encouraged to perform more analysis/evaluations. To conclude the DM-RS pattern in the next RAN1 meeting
Agreements:

· A UE is configured with the number of additional DMRS for PDSCH and as a working assumption for PUSCH with the following signaling method:

· By UE-specific higher layer signaling 

· For PUSCH, companies are encouraged to perform analysis/evaluations taking into account T/F sync impact particularly for front-loaded DM-RS

Agreements:
· For PDSCH, when one additional DMRS symbol is configured for the 1-symbol front-load DMRS in a 14-symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol, 

· FFS the applicability of each additional DMRS location depending on slot format or last PDSCH symbol, etc. 

Working assumption:

· For 14-symbol slot and 2-symbol front-load DMRS

· One 2-symbol additional DMRS can be configured

· Companies are encouraged to perform additional evaluations and design analysis, also taking into account 1-symbol front-load DM-RS

Agreements:

· For 14-symbol slot and 1-symbol front-load DMRS

· At least two 1-symbol additional DMRS may be configured

· FFS whether or not to additionally support three 1-symbol additional DMRS may be configured

· Companies are encouraged to perform additional evaluations and design analysis

Agreements:

· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details
In this contribution, we have provided link level evaluation results on DM-RS design
2 
Link Level results for DM-RS multiplexing
In this section, we focus on the DL link level evaluations to analyse the performance impact from DM-RS and data multiplexing method. Two multiplexing schemes can be considered, which are FDM + TDM and TDM only. Because FDM is applicable only for very limited cases, at least for MU-MIMO, TDM should be supported. In addition, if TDM is applied, then it is not possible to share DL power between DM-RS and data. Thus, in order to fully utilize the power for a given antenna port, power boosting is required to mitigate the OFDM symbol power imbalance as well as waste of DM-RS power. To see the real impact of the multiplexing options, we evaluated the link level performance when different multiplexing schemes are implied. 
2.1 

Link level result for rank 1 transmission 
First, the DM-RS patterns and evaluation results with configuration type 1 (including comb2/4) are shown in the figure 1 and 2. 
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Figure 1: DM-RS patterns (configuration type 1) with TDM (power boosting) and FDM(data mux)
[image: image2.emf]
Figure 2: Link-level evaluation results (configuration type 1) with power boosting and data mux – Throughput
The results in Figure 2 indicate that multiplexing data into free REs in the OFDM symbol containing front-load DMRS instead of using power boosting with front-load DMRS and leaving free REs unused provides higher peak throughput  but leads to degraded performance with low to medium SNRs (due to poorer channel estimation performance). 

Figure 3 shows the DM-RS patterns of configuration type 2 and figure 4 also shows the link level evaluation results with the pattern. 
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Figure 3: front-loaded DM-RS patterns (type 2) with power boosting and FDM 
[image: image4.emf]
Figure 4: Link-level evaluation results (type 2) with power boosting and data mux – BLER/Throughput

The simulation results shows the similar gain as that of configuration type 1 Thus, the following observation can be made:

Observation 1: DMRS power boosting is beneficial in improving channel estimation performance in low SNR operation range.

2.2 

Link level result for rank 2/4 transmission (Type 2 DM-RS)
We have evaluated the performance impact with the higher rank cases of rank 2 and rank 4 cases. For rank 6 case, there is now possible way to support FDM, we have just evaluated on such two cases. For rank 2, though the used number of REs are the same as rank 1 (the same patterns are used for evaluation), the impact from the FD-OCC2 should be investigated. Because CDM based port multiplexing is highly influenced by the channel SNR, and TDM with power boosting provides better performance in de-spreading. As shown in the figure 5, meaningful performance gain have been achieved by applying TDM with power boosting over FDM scheme. 

Figure 5 shows the evaluation results of BLER and throughput performance for rank 2 transmission. Because of performance degradation from CDM port multiplxing, the power boosting provides meaningful performance gain over FDM scheme.

Figure 6 shows the shows the evaluation results of BLER and throughput performance for rank 4 transmission. The performance gain of power boosting over FDM is larger than rank 2 transmission.

From the evaluation results, it is clear that TDM with power boosting provide better performance in most case only with small loss in the peak throughput. 
[image: image5.emf]
Figure 5: Link-level evaluation results (rank 2) with power boosting and data mux – BLER/Throughput

[image: image6.emf]
Figure 6: Link-level evaluation results (rank 4) with power boosting and data mux – BLER/Throughput

Observation 2: DMRS power boosting is much beneficial as the number of antenna ports increases. 

Proposal 1: DMRS power boosting should be supported to improve link performance 

2.3 

Link level result with additional DM-RS (Type 2)

Though TDM shows superior performance gain only with front-loaded DM-RS, if additional DM-RS are used, the impact from the low utilization of the REs should be emphasized. In order to see the impact of additional DM-RS, we have evaluated with the same evaluation condition only with the further consideration of the additional DM-RS. We have evaluated with type 2 DM-RS because its DM-RS density in frequency domain is lower than type 1. 
Figure 7 shows the DM-RS patterns used for the evaluation.
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Figure 7: DM-RS patterns used for the evaluation (type 2 with one additional DM-RS)

Figure 8 and 9 show the evaluation results witht the consideration of additional DM-RS (rank-1 and 4). We have considered only one additional DM-RS even though we can configure more additional DM-RS for very higher mobility support. However, more additional DM-RS is not the normal use case, this evaluation can be considered meaningful. 
The simulation results shows that there is a meaningful degradation both in ther 70% SNR and peak throughput for TDM only scheme over FDM scheme especially for rank 1 case. With rank 4 transmission, TDM with power boosting shows better performance than FDM schemes even with the additional DM-RS. This is because the number of remaining REs not big enough to be used for data. 
[image: image8.emf]
Figure 8: Link-level evaluation results (rank 1) with power boosting and data mux – BLER/Throughput(Type 2 with additional DM-RS) – 60km/h TDL-C 300ns

[image: image9.emf]
Figure 9: Link-level evaluation results (rank 4) with power boosting and data mux – BLER/Throughput (Type 2 with additional DM-RS) – 60km/h TDL-C 300ns

Observation 3: In case that lower rank with additional DM-RS configured, TDM only scheme suffers important performance loss both in the peak throughput.

Proposal 2: FDM can be considered for mitigating performance loss when SU-MIMO with lower rank and additional DM-RS are used for the transmission. 

3 
Link Level results for rank-4 front-loaded DM-RS pattern

In this section, we provide link level performance for front-loaded DM-RS patterns for rank-4 transmission. The four patterns shown in the Figure 10 are extension of patterns for rank-1 transmission that are discussed in previous section. In order to support four antenna port DM-RS multiplexing within one symbol, BP1-R4 pattern has a Comb2 IFDM structure with CDM2 in non-adjacent REs in the frequency domain, BP2-R4 pattern has a Comb4 IFDM structure, BP3-R4 has a CDM2 across adjacent REs and BP4-R4 has also CDM2 in adjacent REs in the frequency domain.

[image: image10]
Figure 10: Rank-4 front-loaded patterns for evaluations
These front-loaded DM-RS patterns for rank4 transmission are simulated for three difference MCS; MCS1: QPSK-1/3, MCS2: 16QAM-1/2 and MCS3: 64QAM-2/3, using channel type TDL-C with delay spread of 300ns and 1000ns. Power boosting is used with different DM-RS patterns is such a way that the total DM-RS transmit power per antenna port is equal with all patterns The channel estimator is frequency domain LMMSE channel estimator and PRB bundling size is selected as 2RBs. Detailed description of simulation set-up is given in Annex. Figure 11 shows the achievable link throughput with different DM-RS configurations.  


[image: image11]
Figure 11: Rank-4 front-loaded patterns – Thoughput performance
Based on the results, following observations are made:

Observation 4:Comb4 IFDM structure (BP2-R4) maintains orthogonality between DM-RS antenna ports with four DM-RS antenna port multiplexing in highly freguency selective channel.

Observation 5: DMRS port multiplexing with CDM2 in frequency domain suffers from reduced orthogonality in highly frequency selective channel. 

Observation 6: Comb4 IFDM structure (BP2-R4) provides best performance from the considered DM-RS patterns in  in rank-4 transmission case. 
Proposal 3: Comb4 IFDM based DM-RS pattern should be considered again for supporting long delay channel with higher rank transmission without performance degradation from frequency domain CDM.
4 
Link Level results for additional DM-RS

In this section, we provide link level performance for additional DMRS position according to the different mobile speed. Patterns to be used for the evaluation were listed in Figure 12. The location of front-loaded DMRS is assumed at 3rd symbol. The key differences are the distance between two DMRS symbols and the number of symbols to be outerpolated. Because we are considering additional DMRS for mostly medium speed upto 120km/h, we have simulated the performance under the speed of 30, 60 and 120 km/h, respectively. 

Figure 13 shows the evaluation results. Upto 60km/h, the number of symbols to be outerpolated seems the key design consideration, and (3,13) is the most promising option for 2 symbol DMRS cases. However, if mobile speed increase, because of the severe channel varying characteristic, (3,11) provides the best performance. In fact, it is observed that (3,10)-(3,13) shows similar performance.
Observation 7: (3,10), (3,11), (3,13) patterns show the comparable performance for the speed of 30,60 and 120km/h
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Figure 12: Additional DMRS position simulated (type1)
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Figure 13: Additional DMRS positions (type1) – Thoughput performance

(4GHz, TDL-C-300ns, rank-1, 30,60 and 120km/h)
Figure 15 provided the simulation results on throughput performance with the higher speed channel, and it is assumed the different number of DMRS symbols, and the evaluated patterns are illustrated in Figure 14 . As shown in the simulation results, to support upto 500km/h speed, upto 4 DMRS symbol is required. In case of 3 DMRS symbols, though the comparable gain is achieved with 240km/h speed, serious performance degradation is observed with 500km/h speed. 
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Figure 14: Patterns for the evaluation, 2,3 and 4 DMRS symbols with type 1 and FDM multiplexing with data

[image: image17.emf]
Figure 15: Simultion results with 2,3 and 4 DMRS symbols under 120,240 and 500km/h UE speed

Observation 8: 2 DMRSs are enough to support for upto 120km/h, 3 DMRSs can be used upto 240km/h and 4 DMRSs should be used for supporting 500km/h channel speed. 
5
Summary
In this section, the observations/proposals are summarized:
Observation 1: DMRS power boosting is beneficial in improving channel estimation performance in low SNR operation range

Observation 2: DMRS power boosting is much beneficial as the number of antenna ports increases. 

Proposal 1: DMRS power boosting should be supported to improve link performance 

Observation 3: In case that lower rank with additional DM-RS configured, TDM only scheme suffers important performance loss both in the peak throughput.

Proposal 2: FDM can be considered for mitigating performance loss when SU-MIMO with lower rank and additional DM-RS are used for the transmission. 

Observation 4:Comb4 IFDM structure (BP2-R4) maintains orthogonality between DM-RS antenna ports with four DM-RS antenna port multiplexing in highly freguency selective channel.

Observation 5: DMRS port multiplexing with CDM2 in frequency domain suffers from reduced orthogonality in highly frequency selective channel. 

Observation 6: Comb4 IFDM structure (BP2-R4) provides best performance from the considered DM-RS patterns in  in rank-4 transmission case. 

Proposal 3: Comb4 IFDM based DM-RS pattern should be considered again for supporting long delay channel with higher rank transmission without performance degradation from frequency domain CDM.
Observation 7: (3,10), (3,11), (3,13) patterns show the comparable performance for the speed of 30,60 and 120km/h

Observation 8: 2 DMRSs are enough to support for upto 120km/h, 3 DMRSs can be used upto 240km/h and 4 DMRSs should be used for supporting 500km/h channel speed. 
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Appendix

Table A1: Link-level evaluation simulations parameters for carrier frequency of 4 GHz with 4Tx-4Rx antennas (Rank-1, Rank-2, Rank-4)
	Parameters 
	Value

	Carrier frequency
	4 GHz

	UE antenna model
	4 antennas (uncorrelated)

	Channel coding
	LTE Turbo code

	Precoder
	LTE codebook

	Rank per UE
	Rank-1, Rank-2, Rank-4

	MCS 
	MCS 1: QPSK-1/3, MCS 2: 16QAM-1/2, MCS 3: 64QAM-2/3

	Channel estimation 
	Practical

	Channel model
	TDL-C 300 ns, TDL-C 1000 ns

	Speed
	3km/h, 60km/h

	Subcarrier spacing [kHz]
	15

	# of RBs
	6

	PRB bundling
	1, 2 

	FFT size
	1024

	subframe length [ms]
	1

	# symbols per subframe
	14
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