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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 NR #88 meeting [1], it was agreed that,
1. [bookmark: OLE_LINK36]At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
- DMRS for same or different links can be configured to be orthogonal to each other. 
- FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
[bookmark: OLE_LINK5]For NR waveform assumption, the following conclusion is drawn in the RAN1#87 meeting,
1. Study necessity of supporting 16 orthogonal DMRS ports in DL and UL considering symmetric design both for DL and UL
[bookmark: OLE_LINK110][bookmark: OLE_LINK16]For NR waveform assumption, it was agreed in the RAN1#86bis meeting [2] that, 
1. NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
2. [bookmark: OLE_LINK20][bookmark: OLE_LINK19]CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)
2. Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use
1. Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]In this contribution we provide some detailed analyses and evaluation results of DMRS for UL data channel in terms of mapping symbol number and multiplexing of DMRS ports.  
Evaluation results of UL DMRS pattern
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]To achieve fast decoding, it has been agreed in RAN1#87 meeting that front-loaded DMRS should be supported for data transmission. In NR, there is also a need for fast data decoding and fast turnaround of the feedbacks, especially for V2V, D2D and UL only scenes, so the “front loaded” DMRS pattern should be considered for UL DMRS for PUSCH. In the following, the design consideration on basic/front-loaded DMRS pattern is discussed in terms of mapping symbol number and multiplexing of DMRS ports.
· [bookmark: OLE_LINK113][bookmark: OLE_LINK114]Mapping symbol number
In the following, performance of several examples of 1-symbol and 2-symbol front-loaded DMRS patterns for 8 orthogonal ports will be compared. 
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[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Fig. 1 Several examples of 8-port UL DMRS patterns with 1 or 2 symbol(s) 

[image: ][image: ] 
Fig. 2 BLER comparison between 1 or 2 symbol(s) patterns 
[bookmark: OLE_LINK119][bookmark: OLE_LINK120]In this simulation, an uplink CP-OFDM system with CDL-A channel is assumed, with a carrier frequency of 4GHz and sub-carrier spacing of 15 kHz. The SNR distribution in this simulation is assumed as Table A1.2-2 in TR36.802 and the number of users is assumed as 4. More detailed simulation assumptions can be found in Appendix A. In Fig. 2 the resulting BLER are shown for different DMRS patterns. As seen from the figures, DMRS pattern with 2 OFDM symbols (shown as pattern-a) always outperform the DMRS patterns with 1 symbol (shown as pattern-b and c). The reason for pattern-a outperforms pattern-b mainly lies in the increased processing gain of the DMRS channel estimation, obtained by increasing the frequency density of each DMRS port. Considering pattern-a and pattern-c, while they have the same frequency density for each DMRS port, it can be observed that pattern-c suffers from obvious performance degradation for frequency selective channel, e.g., CLD-A with 1000ns delay. One reason is that, due to frequency selectivity, the orthogonality between discrete CDM-ed REs with large size is more difficult to be guaranteed in frequency domain, resulting in decreased system performances.
Moreover, considering the tradeoff between RS overhead and performance, port frequency density reduction can be considered for two-symbol pattern to match different channel conditions. In this way, two-symbol patterns with appropriate density adjustment can always outperform one-symbol pattern.  
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]From Fig. 2, at least, we have the following observations:
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK3]Observation 1: Considering UL DMRS patterns supporting at least 8 orthogonal ports,
· In terms of BLER, UL DMRS patterns with two symbols always outperform patterns with one symbol, especially for frequency selective channel. 
[bookmark: OLE_LINK4]Based on the simulations and analyses above, it is not difficult to conclude that up to 2 symbols should be considered for port mapping of basic pattern to cater for a large number of transmission scenarios with different kinds of channel conditions in NR, especially for patterns with large orthogonal port number (e.g., 8). 
Furthermore, considering the tradeoff between performance and UL DMRS overhead, NR should allow for multiplexing of data and DMRS in the front-loaded symbols for CP-OFDM waveform. For example, data and DMRS can be FDM-multiplexed if DMRS does not fully occupy the corresponding OFDM symbols. As illustrated above, the following proposal is put forward:
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: _GoBack][bookmark: OLE_LINK143][bookmark: OLE_LINK144]Proposal 1: UL DMRS in basic/front-loaded pattern should consist of 2 consecutive symbols at least for 8 orthogonal ports.

· [bookmark: OLE_LINK15][bookmark: OLE_LINK115][bookmark: OLE_LINK116]Multiplexing of DMRS ports
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK38][bookmark: OLE_LINK39]In the following section, we compare the performance of DMRS pattern with different multiplexing schemes. Without loss of generality, UL DMRS patterns with 4 orthogonal ports will be analyzed and simulated in this subsection. Five typical port multiplexing methods of 4 orthogonal DMRS ports are shown in Fig. 3, including Consecutive-CDM2 in frequency, Comb2+CS2, Consecutive-CS4 in frequency, Comb2+CS4, and CDM2 in time.
[image: ]
[bookmark: _Ref474159102][bookmark: OLE_LINK40]		Fig. 3 Typical 4-port multiplexing for UL DMRS 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK14][bookmark: OLE_LINK43][bookmark: OLE_LINK44]In Fig. 4, we provide the BLER performance of all the 4-port DMRS patterns as shown in Fig. 3. In the simulation, an uplink CP-OFDM system with CDL-A/B with 300/1000ns delay channels are assumed, respectively. It is also simulated with a carrier frequency of 4GHz and sub-carrier spacing of 15 kHz. The used constellation is 64QAM, and code rates 0.67 and 0.83 are used, respectively. More detailed simulation assumptions can be found in Appendix B.
[bookmark: OLE_LINK121][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK1][bookmark: OLE_LINK100][bookmark: OLE_LINK28][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK2]In this simulation, the DMRS ports are considered as “explicitly” depatterned, i.e., the orthogonal ports are first depatterned and then operate the channel estimation, instead of “non-explicitly” depatterned, i.e., the port depatterning is taken into account in the MMSE estimation assuming genie knowledge of maximum delay spread, Doppler spread and geometry. Note that this “non-explicitly” depatterning is always not taking place in realistic receivers. Comparing to the “explicitly” port depatterning method with linear complexity, this method needs much higher complexity, i.e., O(n^3), especially for a large PRB bundling size. Another challenge is that this method may face the problem of PRB bundling size mismatch in MU interference measurement. When UEs using different PRB bundling sizes, the mismatch between UEs’ PRB bundling sizes will directly harm the port depatterning and causes performance degradation. One feasible method is that each UE only uses one PRB size, which, however, will certainly results in performance loss of PRB bundling.
[image: ] [image: ]
[bookmark: OLE_LINK107][bookmark: OLE_LINK108]       Fig. 4 BLER of different multiplexing schemes 
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50]It can be observed that, with the same density of each port, the performances of patterns with CDM-2 across adjacent REs in time/frequency (shown as pattern-a and e) are always better than the pattern with CDM-2 across discrete REs in frequency (shown as pattern-b), regardless of BLER and throughput. Moreover, it can be also observed that, comparing to the patterns with small CDM size in frequency (shown as pattern-a and b), the patterns with large CDM size in frequency (shown as pattern-c and d) suffer from obvious degradations for both BLER and throughput. This is mainly because that the orthogonality between CDM-ed REs is more difficult to be guaranteed with large CDM length in frequency due to the frequency selectivity, which directly decreases the system performance. Thus, based on the above results and analyses, CDM across non-adjacent REs and large CDM size in frequency domain are not preferred.
From Fig. 4, at least, we have the following observations:
[bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Observation 2: 
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK131][bookmark: OLE_LINK132]The performance of CDM-2 in frequency/time is better than CDM-4 in frequency;
· The performance of consecutive REs based CDM is better than discrete REs based CDM.
[bookmark: OLE_LINK139][bookmark: OLE_LINK140]Therefore, we can have the following proposal
[bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK147][bookmark: OLE_LINK148]Proposal 2: The size of CDM for multiplexing in frequency should not be very large. CDM across two consecutive REs in time and/or frequency domain should be supported in NR UL DMRS.
Conclusions
This contribution provides evaluation results of DMRS design for UL data channel. In summary, the following observations and proposals are made.
Observation 1: Considering UL DMRS patterns supporting at least 8 orthogonal ports,
· In terms of BLER, UL DMRS patterns with two symbols always outperform patterns with one symbol, especially for frequency selective channel. 
Observation 2: 
· The performance of CDM-2 in frequency/time is better than CDM-4 in frequency;
· The performance of consecutive REs based CDM is better than discrete REs based CDM.
Proposal 1: UL DMRS in basic/front-loaded pattern should consist of 2 consecutive symbols at least for 8 orthogonal ports.
Proposal 2: The size of CDM for multiplexing in frequency should not be very large. CDM across two consecutive REs in time and/or frequency domain should be supported in NR UL DMRS.
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Appendix A
Link-level simulation assumptions for Fig. 2 
	Parameters
	Values or assumptions

	Carrier frequency
	4GHz

	Channel model
	CDL-A, 300/1000ns

	Subcarrier Spacing
	15kHz

	Allocated bandwidth
	20RB

	UE speed
	3km/h

	[bookmark: OLE_LINK101][bookmark: OLE_LINK102]BS Ant. Config.
	16Rx

	UE Ant. Config.
	8Tx/UE

	Total port number
	8 (2 ports/UE)

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/Code rate
	16QAM: 0.5/0.75 CR; 64QAM: 2/3CR



Appendix B
Link-level simulation assumptions for Fig. 4
	Parameters
	Values or assumptions

	Carrier frequency
	4GHz

	Channel model
	CDL-A/B, 300/1000ns

	Subcarrier Spacing
	15kHz

	Allocated bandwidth
	20RB

	UE speed
	3km/h

	BS Ant. Config.
	8Rx

	UE Ant. Config.
	4Tx/UE

	Total port number
	4 (2 ports/UE)

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/Code rate
	64QAM: 0.67/0.83 CR
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(a) Consecutive-CDM2 (b) Comb2+CS2 (c) Consecutive+CS4 (d) Comb2+CS4 (e) T-CDM2





image5.png
BLER

A4ports;8T8R;4GHz,15KHZ;CDL-B,300ns;64QAM +5/6cr;3km/h 1.4 2107 4ports;8Ta|

;4GHz,15KHzZ;CDL-B,300ns;64QAM +5/6c:

km/h

13

12

Throughput @ 20RB

08
[F—pattema [F—pattema
|+ pattem.b| |+ pattern.b|
|—=—Pattem-c 07 |~ pattem-c
|—=—Pattem-d |—=—patter-d|
|-+ Pattem-e |+ Pattern-

103 06

a 5 6 7 8 9 10 1 12 4 5 6 7 8 9 10 1 12

SNR(dB) SNR(dB)




image6.png
BLER

. 10°4ports;8T8R;4GHz, 15KHZ;CDL-A, 1000ns;64QAM+2/3cr;3km/h

Throughput @ 20RB

n

10

[~e=pattema ~o=pattema
| pattemb| 5 ——pattem|
|—=—pattem-c —=—patternc
—o—pattem-d —o—pattemn-d
|+ Pattem-e |—+—Pattem-e
4
8 10 12 1 16 18 20 2 8 10 12 1 16 18 20 22
SNR(dB) SNR(dB)




image1.png
(a) consecutive-CDM2 (b) Comb4+CS2 (c) Comb2+Csa
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