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Introduction
This contribution is a resubmission of R1-1718553 from RAN1# 90Bis.  In RAN1 #90 [1], the following agreements regarding the demodulation reference signal (DMRS) for data were made:
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
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


In this contribution, we provide some additional evaluation results for some of the open items in the above agreement. 
Targeted DM-RS simulation studies
DMRS for 2/4-symbol non-slot-based broadcast PDSCH
For the DMRS for 2/4-symbol non-slot-based broadcast PDSCH we compare the following:
1) One-symbol config-1 with or without FDMing data on the symbol carrying DMRS. When data are not FDMed, the DMRS EPRE to PDSCH EPRE is 3 dB.
2) One-symbol config-2 with or without FDMing data on the symbol carrying DMRS. When data are not FDMed, the DMRS EPRE to PDSCH EPRE is 3 dB.
3) One-symbol DMRS with comb-1. 
In the simulation setup we assume 30 KHz SCS, 4 Tx, 4 Rx, TDL-C 300 nsec and 500 kmh at 4 GHz carrier (1850 Hz Doppler spread), Turbo code with total 4 transmissions, a payload of 250 bits, QPSK, with 24 and 16 PRBs allocation for 2-symbol and 4-symbol non-slot-based scheduling. We plot the residual BLER after four total transmissions as a function of the geometry.
TDL-C 300 nsec, 1850 Hz Doppler spread
[bookmark: _GoBack][image: ][image: ]
Observation 1: For 2/4-non-slot-based scheduling, config-1 with one-symbol and no data FDMed has similar performance to the case of config-2 or comb-1.
DMRS for Broadcast PDSCH for slot-based-scheduling
First set of results
The DMRS for broadcast PDSCH should be a dense pattern in both frequency and time to ensure very robust performance independent of the UE’s channel conditions and geometry. In the following, we compare the following three patterns:
4) One-symbol config-1 without frequency domain staggering with DMRS on every 3rd OFDM symbol.
5) Two-symbol config-2 with/without frequency domain staggering with 2 additional DMRS. 
In the simulation setup we assume 30 KHz SCS, 2 Tx, 2 Rx, TDL-C 1000 nsec  and 500 kmh at 4 GHz carrier (1850 Hz Doppler spread), Turbo code with total 4 transmissions, a payload of 250 bits, with 12 PRBs allocation, QPSK. We plot the residual BLER as a function of the geometry. 
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The receiver performs wideband channel estimation over the 12 PRBs. We clearly observe that config-2 without staggering suffers from the low frequency domain density, and that even if staggering is added, it is still worse than the config-1 scenario. 
Similar results appear if we compare the following cases which all have higher overhead:
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Note that the pattern shown above based on the config-2 front-load would be a DMRS specifically designed for broadcast DMRS and it will not be for unicast because it would otherwise be putting RS in all the symbols. On the other hand, the pattern based on config-1 DMRS can still be used for unicast DMRS. 
Second set of results
We now provide results for the following simulation scenario: 2 Tx, 2 Rx, and 500 kmh at 4 GHz carrier (1850 Hz Doppler spread), Turbo code with total 4 transmissions, a payload of 250 bits, with 12 PRBs allocation, QPSK. In this set of results we simulate 15 and 30 KHz SCS for TDL-C 1000 nsec and TDL-A 1000 nsec, and 60 KHz for TDL-C 1000 nsec, for scenarios that there is a potential mismatch between the assumption on the Doppler spread of the DMRS CE and the actual Doppler spread of the channel. 
We compare the following three patterns:
[image: ]
Observe that the 2nd and 3rd pattern have the same RE overhead, but the 2nd uses config-1 whereas the latter uses config-2. 
15 KHz
TDL-A 1000 nsec
DMRS CE Doppler Spread = 1500 Hz
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DMRS CE Doppler Spread = 1850 Hz (no mismatch)
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DMRS CE Doppler Spread = 2500 Hz
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TDL-C 1000 nsec
DMRS CE Doppler Spread = 1500 Hz
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DMRS CE Doppler Spread = 1850 Hz (no mismatch)
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DMRS CE Doppler Spread = 2500 Hz
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30 KHz
TDL-A 1000 nsec
DMRS CE Doppler Spread = 1500 Hz
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DMRS CE Doppler Spread = 1850 Hz (no mismatch)
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DMRS CE Doppler Spread = 2500 Hz
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TDL-C 1000 nsec
DMRS CE Doppler Spread = 1500 Hz
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DMRS CE Doppler Spread = 1850 Hz (no mismatch)
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DMRS CE Doppler Spread = 2500 Hz
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60 KHz
TDL-C 1000 nsec
DMRS CE Doppler Spread = 1500 Hz
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DMRS CE Doppler Spread = 1850 Hz (no mismatch)
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DMRS CE Doppler Spread = 2500 Hz
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We observe that
· For the same overhead (2nd and 3rd pattern shown above) between config-1 and config-2, a DMRS pattern using config-1 is more robust to excessive delay spread beyond CP. 

Observation 2: A config-1-based DMRS pattern with the same overhead with a config-2-based DMRS pattern is more robust to excessive delay spread beyond CP. 
Observation 3: Using a config-1-based pattern with total 3 DMRS symbols in a 15 KHz, or 30 KHz slot achieves the target of 10-2 residual BLER after 4 transmissions at an approximately -6 dB geometry even at 1000 nsec and 1850 Hz Doppler spread (500 kmh at 4 GHz carrier).
[bookmark: _Ref378529477]Conclusions
We make the following observations:
Observation 1: For 2/4-non-slot-based scheduling, config-1 with one-symbol and no data FDMed has similar performance to the case of config-2 or comb-1.
Observation 2: A config-1-based DMRS pattern with the same overhead with a config-2-based DMRS pattern is more robust to excessive delay spread beyond CP. 
Observation 3: Using a config-1-based pattern with total 3 DMRS symbols in a 15 KHz, or 30 KHz slot achieves the target of 10-2 residual BLER after 4 transmissions at an approximately -6 dB geometry even at 1000 nsec and 1850 Hz Doppler spread (500 kmh at 4 GHz carrier).
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1850 Hz (500Kmh), RMS DS: 1000 nsec, MIMO_NUM_LAYER: 1, Allocated PRBs: 12 

DEMAPPER_TYPE: MMSE, PDSCH SYMB IDX: 3-11, PDCCH_SYMB_IDX: 1-2 

Payload:250 bits, DMRS CE Doppler Spread Assumption: 1850 Hz.

CINR

PDSCH_1.BLER_Residual

 

 

Config1_NoStag_Rep2

Config1_NoStag_Rep3

Config2_NoStag_Rep2


image10.emf
-9 -8.5 -8 -7.5 -7 -6.5 -6 -5.5 -5 -4.5 -4

10

-4

10

-3

10

-2

10

-1

SIM_TAG=NUM_TX_ENB: 2, NUM_RX_UE: 2, SCS: 15 KHz, ChaP: TDL-A, Fd: 

1850 Hz (500Kmh), RMS DS: 1000 nsec, MIMO_NUM_LAYER: 1, Allocated PRBs: 12 

DEMAPPER_TYPE: MMSE, PDSCH SYMB IDX: 3-11, PDCCH_SYMB_IDX: 1-2 

Payload:250 bits, DMRS CE Doppler Spread Assumption: 2500 Hz.
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DEMAPPER_TYPE: MMSE, PDSCH SYMB IDX: 3-11, PDCCH_SYMB_IDX: 1-2 

Payload:250 bits, DMRS CE Doppler Spread Assumption: 1850 Hz.

CINR

PDSCH_1.BLER_Residual

 

 

Config1_NoStag_Rep2

Config1_NoStag_Rep3

Config2_NoStag_Rep2


image13.emf
-9 -8.5 -8 -7.5 -7 -6.5 -6 -5.5 -5 -4.5 -4

10

-3

10

-2

10

-1

SIM_TAG=NUM_TX_ENB: 2, NUM_RX_UE: 2, SCS: 15 KHz, ChaP: TDL-C, Fd: 
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1850 Hz (500Kmh), RMS DS: 1000 nsec, MIMO_NUM_LAYER: 1, Allocated PRBs: 12 

DEMAPPER_TYPE: MMSE, PDSCH SYMB IDX: 3-11, PDCCH_SYMB_IDX: 1-2 

Payload:250 bits, DMRS CE Doppler Spread Assumption: 1500 Hz.
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DEMAPPER_TYPE: MMSE, PDSCH SYMB IDX: 3-11, PDCCH_SYMB_IDX: 1-2 
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SIM_TAG=NUM_TX_ENB: 2, NUM_RX_UE: 2, SCS: 30 KHz, ChaP: TDL-C, Fd: 

1850 Hz (500Kmh), RMS DS: 1000 nsec, MIMO_NUM_LAYER: 1, Allocated PRBs: 12 

DEMAPPER_TYPE: MMSE, PDSCH SYMB IDX: 3-11, PDCCH_SYMB_IDX: 1-2 

Payload:250 bits, DMRS CE Doppler Spread Assumption: 1850 Hz.
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1850 Hz (500Kmh), RMS DS: 1000 nsec, MIMO_NUM_LAYER: 1, Allocated PRBs: 12 

DEMAPPER_TYPE: MMSE, PDSCH SYMB IDX: 3-11, PDCCH_SYMB_IDX: 1-2 
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