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[bookmark: _Ref481749371]Introduction
In this contribution, we address the remaining details on the DMRS design for both UL and DL.
Key proposals in this contribution
· Default DMRS pattern used in transmission before RRC configuration is based on Type 1 with additional symbols corresponding to the location of DMRS symbols for handling very high Doppler.
· In UL, additional DMRS symbol can be triggered to the front-loaded DMRS to handle uplink frequency synchronization. 
DL DMRS patterns
Default DMRS pattern
A default DMRS pattern will be needed for receiving messages via PDSCH before a UE has been RRC configured. The design of the default DMRS pattern must be robust and provide sufficiently accurate channel estimates at low SINRs, high Doppler spreads and large channel delay spreads. In other words, a default DMRS pattern should be dense in both frequency and time but there would be a trade-off between additional overhead for channel processing gain versus reduced coding gain for messages with fixed transport block sizes. 
In the previous RAN1 it was decided that such DMRS pattern always has additional DMRS to the front-loaded DMRS:
· Additional DMRS is always present (Alt. 1)
· FFS: location and number of additional DMRS
It has previously also been agreed that PDSCH used for broadcast/multicast is transmitted with a single DMRS port using only one front-load DMRS configuration, either based on DMRS configuration type 1 or 2:
· Alt 1: Configuration 1 (FFS 1 or 2 symbols) 
· Alt 2: Configuration 2 with 2 symbols
The comb structure of configuration type 1 has the advantage of higher density in frequency which should account for higher channel processing gains and more accurate channel interpolation in the frequency domain. Hence, it can be anticipated that type 1 outperforms type 2 in scenarios with large delays spreads which indeed were shown in [1].
In appendix 7.1, further evaluations on default DMRS patterns are conducted which confirm that configuration type 1 outperforms configuration type 2 at low SINR, high Doppler spread and large delay spread. From these evaluations, it can also be concluded, for the front-loaded single-symbol DMRS Configuration type 1, that the BLER performance with three additional DMRS is better than with two additional DMRS.
Proposal 1: For broadcast/multicast PDSCH and unicast transmissions before RRC configuration, the DMRS pattern is based on the front-loaded single-symbol DMRS Configuration type 1 with
· Additional DMRS in 6th , 9th  and 12th symbols
· FDM between DMRS and single-port transmission of PDSCH.
[bookmark: _Hlk492298461]Locations of 1-symbol additional DMRS for handling high Doppler spread
In the previous RAN1, the following agreements were made:
· 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
· 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
The possible locations for configuring one additional 1-symbol DMRS have thus been decided whereas to place the two 1-symbol additional DMRS, as well as the need for three 1-symbol additional DMRS, remains to be decided. The case of most interest to consider for adding more than one DMRS is the DL heavy slot configurations with one additional DMRS being configured in the 12th symbol. If performance-wise motivated, it could be desirable from an RS multiplexing perspective to limit the locations of two 1-symbol additional DMRS to the symbol set . 
In appendix, evaluations with two and three additional DMRS are conducted for a sub-6 scenario with 30kHz scs where one of the additional DMRS is configured in the 12th symbol. From these evaluations, it can be concluded that the second additional DMRS can be placed in the 8th symbol and that two additional DMRS are sufficient to support speeds up to around 350km/h in the case of 30kHz scs. However, three additional DMRS will be needed to support speeds up to 500km/h and by then avoid throughput thresholds at SINRs around 15dB. 
Based on made observations in appendix, we propose the following:  
Proposal 2: In slots with PDSCH transmissions up to at least 12th symbol, two additional DMRS symbols can be configured in the 8th and 12th symbol.
Proposal 3: In slots with PDSCH transmissions up to at least 12th symbol, three additional DMRS symbols can be configured with locations aligned with proposed default DMRS pattern, the 6th , 9th  and 12th symbol.
See the figure below for the patterns corresponding to these proposals.
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Figure 1 Proposed DMRS patterns for very high Doppler cases
UL DMRS patterns
Considerations of placements of front-loaded UL DMRS in mixed slots
When considering slots with either DL or UL transmissions the locations of the UL DMRS symbols can in principle be aligned with the locations of the DL DMRS symbols. In DL though, the length of the PDCCH region will define the start of the DL DMRS which will not necessary be the case in UL where the start of the UL DMRS could be in the first OFDM symbol of the UL transmission.
Transmitting DMRS in the first OFDM symbol of the UL transmission could degrade the channel estimation if the transmit power ramping is not settled in advance to the presence of the DMRS. Evidently, poor channel estimates in the beginning of a slot would affect the whole demodulation of PUSCH. On the other hand, performance degradation could also be the case when transmitting PUSCH in the first OFDM symbol of the UL transmission when codewords are mapped in frequency first. Furthermore, there is also a PUSCH building processing time aspect with PUSCH in the first OFDM symbol of the UL transmission in latency critical applications, with an UL grant being valid for the same slot as the UE received the UL grant.
This transmit power ramping aspect is still under discussion in RAN4 [2], but irrespectively of DMRS or PUSCH in the first symbol of an UL transmission there will be a performance impact with transmit power ramping affecting the UL transmission. With respect to this observation, we propose the following 
Proposal 4: In mixed slots, where the PUSCH transmissions does not start at the first OFDM symbol in the slot, the first UL symbol contains the first front loaded DMRS symbol.
Symmetrical UL/DL DMRS design
It has previously been concluded that RAN1 should strive for a symmetrical DL and UL DMRS design (CP-OFDM). For the front-loaded DMRS with one 1-symbol additional DMRS this would imply for slots that the UL DMRS could be in 3rd, 4th, 8th, 10th and 12th symbol. However, a unified DL and UL location of the DMRS symbols will not be possible for mixed slots since the GP in UL heavy slots will delay the UL DMRS with respect to DL. On the other hand, for normal slots with UL only there could be UL DMRS symbol alignments with DL DMRS. 
The placements of other UL transmissions such as SRS and short PUCCH may however impact the locations of the UL DMRS for PUSCH and since the transmit power of the other UL transmissions and the DMRS may differ there will be power ramping aspect to be considered in this case as well. By placing the other UL transmissions after PUSCH and DMRS, multiple power ramping occasions within the slot can be avoided. 
An SRS resource in NR could refer to 1, 2 or 4 symbols and with short PUCCH of 1 or 2 symbols the one 1-symbol additional UL DMRS could be in 12th, 10th and 8th symbol depending on PUSCH allocation, as illustrated in Figure 2. It can though be observed that for avoiding DMRS to be adjacent to a 6-symbol allocation of the other UL transmission one would need to consider additional locations for UL DMRS. 
Another DL/UL symmetrical aspect is whether to consider first UL DMRS to be symbol-aligned with DL DMRS for the case of 3-symbols PDCCH. With PUSCH starting at the first symbol of the slot, this would impose channel extrapolation over 3 symbols. 
Proposal 5: For PUSCH in a slot with UL only where PUSCH starts at the first OFDM symbol
· Front-loaded DMRS starts at the 3rd symbol
· When one additional DMRS symbol is configured for the 1-symbol front-load DMRS, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol


[image: ]
Figure 2. Placements of UL DMRS with respect to PUSCH allocation.
Consideration of front-loaded DMRS and CFO estimation in UL
In LTE, UL DMRS for PUSCH are always located in 4th and 11th symbol of a subframe which means that the base station can use DMRS for CFO estimation. However, in NR with the possibility to configure front-loaded UL DMRS only there will be a need to address CFO estimation in UL without imposing scheduling constraints.
One possibility to address this would be to configure UL PTRS also in sub-6 deployments with the property of being relatively sparse in time, sufficiently dense within the scheduled bandwidth and MCS independent. A major difference between CPE and CFO estimation is though the time scale for the need of compensating for the phase distortion; where the CPE may need to be compensated on a symbol level the CFO compensation can be done on a multiple frame level.
By always including PTRS in a PUSCH transmission may thus lead to unnecessary overhead in sub-6 deployments. Instead of always including PTRS for CFO estimation, the presence of PTRS could be triggered by the UL grant.  
An alternative to trigger PTRS would be to trigger presence of additional DMRS, i.e. in addition to being configured with front-loaded DMRS a UE is also configured with a DMRS pattern that can be triggered to enable CFO estimation at the base station. This DMRS pattern could refer to an UL DMRS configuration that includes the front-loaded DMRS in conjunction with the additional DMRS.
In the previous RAN1 though, the following working assumption was made with respect to DMRS for PUSCH: 
· 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
Introducing a DCI based switching of the DMRS pattern for PUSCH (to assist T/F sync) means that the current working assumption above cannot be confirmed if additional DMRS is always present when configured by higher layer signaling. However, there is a need to address this issue so one of the options discussed above should be considered. 
Proposal 6: RAN1 should select one of the following options to assist CFO estimation in UL with front-loaded DMRS:
1. A UE can be configured with additional DMRS which presence can be dynamically indicated
2. A UE can be configured with a PTRS pattern that does not depend on MCS and its presence can be dynamically indicated
3. A UE can be configured with a PTRS pattern that does not depend on MCS and is always transmitted in conjunction with PUSCH
Proposals on antenna port mapping
The DCI will contain antenna port mapping tables that for each value selects R antenna ports where R is the number of received or transmitted layers by the UE. In LTE, the n_SCID is encoded into the antenna port mapping table as well, but since scrambling of DMRS is independent of the antenna port selection, it can be moved out of the table and encoded in the Transmission Configuration Information (TCI) states (similar to PQI states in LTE). Hence, each TCI state is RRC configured with a n_SCID value. This allows for very flexible MU-MIMO operation where non-orthogonal MU-MIMO scheduling can be obtained between UEs with e.g rank 2 and rank 3 reception respectively, using non-orthogonal DMRS. 
Proposal 7: DMRS scrambling ID is RRC configured and encoded into TCI states (c.f. PQI states in LTE) and not in the antenna port mapping table as in LTE
On the other hand, some other parameters can benefit to be encoded into the antenna port mapping table since there are dependencies with which ports are used. One is the FDM with data, which only applies when RE are available in the OFDM symbol, e.g. for rank 1 scheduling in SU-MIMO. Note that even if the UE receives rank 1, another UE can be scheduled on another FDM comb and hence both states with and without DMRS/PDSCH FDM needs to be encoded into the table.
Secondly, for PTRS mapping in case of FD-CDM, which subcarrier the PTRS should be mapped to can also be encoded into the table (without any impact on the table itself, i.e. no additional states are introduced).  
The antenna port mapping table design follow some principles:
· It should be possible to schedule 1 or 2 layers per UE in MU-MIMO utilizing the maximal number of orthogonal DMRS ports, which for example means that any port number can be selected when a single port (rank 1) is used. 
· It should be possible to separate ports using FDM as well as using FD-CDM only and TD-CDM only for rank 2 SU-MIMO transmissions
· It should be possible to schedule 2 layer SU-MIMO using FDM:ed antenna ports where the UE is assured that there is no MU-MIMO interference (for maximal robustness in two layer SU-MIMO scheduling which is believed to be the most common scheduling assignment at least in Rel.15 time frame)
· Although possible to schedule, the table need not to be optimized for MU-MIMO with more than 2 layers per UE
· In case of 2 front loaded symbols, it is important to support FDM with data, otherwise the DMRS overhead will be very large in case additional 2 back loaded symbols are also configured. 
· For highest possible NR user throughput peak rate, support Type 2 DMRS (lowest overhead), 8 layer transmission where PDSCH and DMRS are FDM
Proposal 8: The tables in section 4.1 and 4.2 are proposed for antenna port mapping
These will likely will be handled by offline discussions at the meeting. 
1-symbol front-loaded DMRS
The single symbol front loaded table proposal for Type 1 DMRS is:
	Value
	#Layers
	Port
	DMRS FDM with data
	k' for PTRS mapping 
	Comment

	0
	1
	1000
	No
	0
	Comb#0

	1
	1
	1001
	No
	1
	Comb#0

	2
	1
	1002
	No
	0
	Comb#1

	3
	1
	1003
	No
	1
	Comb#1

	4
	1
	1000
	Yes
	0
	Comb#0, FDM with data

	5
	2
	1000,1001
	No
	0
	Comb#0, FD-OCC

	6
	2
	1002,1003
	No
	0
	Comb#1, FD-OCC

	7
	2
	1000,1001
	Yes
	0
	Comb#0, FD-OCC, FDM with data

	8
	2
	1000,1002
	-
	0
	Comb#0 and Comb#1, FDM

	9
	3
	1000-1002
	-
	0
	Comb#0 and Comb#1

	10
	4
	1000-1003
	-
	0
	Comb#0 and Comb#1

	11-15
	Reserved
	



And for Configuration Type 2 DMRS with single CW transmission. The case of two CW transmission and single front loaded symbol does not need to be supported since the maximum number of  SU-MIMO layers is bounded by 6 only. 

	Value
	#Layers
	Port
	DMRS FDM with data
	k' for PTRS mapping 
	Comments

	0
	1
	1000
	No
	0
	FDM-group#0

	1
	1
	1001
	No
	1
	FDM-group#0

	2
	1
	1002
	No
	0
	FDM-group#1

	3
	1
	1003
	No
	1
	FDM-group#1

	4
	1
	1004
	No
	0
	FDM-group#2

	5
	1
	1005
	No
	1
	FDM-group#2

	6
	1
	1000
	Yes
	0
	FDM-group#0, FDM with data

	7
	2
	1000,1001
	No
	0
	FDM-group#0, FD-OCC

	8
	2
	1002,1003
	No
	0
	FDM-group#1, FD-OCC

	9
	2
	1004,1005
	No
	0
	FDM-group#2, FD-OCC

	10
	2
	1000,1001
	Yes
	0
	FDM-group#0, FD-OCC, FDM with data

	11
	2
	1000,1002
	No
	0
	FDM-group#0+FDM-group#1, FDM

	12
	2
	1000,1002
	Yes
	0
	FDM-group#0+FDM-group#1, FDM with data

	13
	3
	1000,1001,1002
	No
	0
	FDM-group#0+FDM-group#1 

	14
	3
	1000,1001,1002
	Yes
	0
	FDM-group#0+FDM-group#1, FDM with data

	15
	4
	1000-1003
	No
	0
	FDM-group#0+FDM-group#1, FD-OCC



2-symbol front-loaded DMRS

For Configuration Type 1 DMRS with two front loaded symbols:
	Value
	#Layers
	Port
	DMRS FDM with data
	k' for PTRS mapping 
	Comments

	0
	1
	1000
	No
	0
	Comb#0

	1
	1
	1001
	No
	1
	Comb#0

	2
	1
	1002
	No
	0
	Comb#1

	3
	1
	1003
	No
	1
	Comb#1

	4
	1
	1004
	No
	0
	Comb#0

	5
	1
	1005
	No
	1
	Comb#0

	6
	1
	1006
	No
	0
	Comb#1

	7
	1
	1007
	No
	1
	Comb#1

	8
	1
	1000
	Yes
	0
	Comb#0, FDM with data

	9
	2
	1000,1002
	-
	0
	Comb#0 + Comb#1, FDM

	10
	2
	1000,1001
	No
	0
	Comb#0, FD-OCC

	11
	2
	1002,1003
	No
	0
	Comb#1, FD-OCC

	12
	2
	1004,1005
	No
	0
	Comb#0, FD-OCC

	13
	2
	1006,1007
	No
	0
	Comb#1, FD-OCC

	14
	2
	1000,1004
	No
	0
	Comb#0, TD-OCC

	15
	2
	1000,1004
	Yes
	0
	Comb#0, TD-OCC, FDM with data

	16
	3
	1000,1001,1002
	-
	0
	Comb#0 + Comb#1

	17
	3
	1005,1006,1007
	-
	0
	Comb#0 + Comb#1

	18
	3
	1000,1001,1004
	Yes
	0
	Comb#0, FDM with data

	19
	4
	1000,1001,1002,1003
	-
	0
	Comb#0 + Comb#1, FD-OCC

	20
	4
	1000,1001,1004,1005
	No
	0
	Comb#0

	21
	4
	1000,1001,1004,1005
	Yes
	0
	Comb#0, FDM with data

	22
	4
	1000,1002,1004,1006
	-
	0
	Comb#0 + Comb#1, TD-OCC

	23
	5
	1000,1001,1002,1004,1006
	-
	0
	Comb#0 + Comb#1

	24
	6
	1000,1001,1002,1003,1004,1006
	-
	0
	Comb#0 + Comb#1

	25
	7
	1000,1001,1002,1003,1004,1005, 1006
	-
	0
	Comb#0 + Comb#1

	26
	8
	1000-1007
	-
	0
	Comb#0 + Comb#1

	27-31
	Reserved
	



And for Type 2 DMRS with two front loaded symbols
	Value
	#Layers
	Port
	DMRS FDM with data
	k' for PTRS mapping 
	Comments

	0
	1
	1000
	No
	0
	FDM-group#0

	1
	1
	1001
	No
	1
	FDM-group#0

	2
	1
	1002
	No
	0
	FDM-group#1

	3
	1
	1003
	No
	1
	FDM-group#1

	4
	1
	1004
	No
	0
	FDM-group#2

	5
	1
	1005
	No
	1
	FDM-group#2

	6
	1
	1006
	No
	0
	FDM-group#0

	7
	1
	1007
	No
	1
	FDM-group#0

	8
	1
	1000
	Yes
	0
	FDM-group#0, FDM with data

	9
	2
	1000,1001
	No
	0
	FDM-group#0, FD-OCC

	10
	2
	1002,1003
	No
	0
	FDM-group#1, FD-OCC

	11
	2
	1004,1005
	No
	0
	FDM-group#2, FD-OCC

	12
	2
	1006,1007
	No
	0
	FDM-group#0, FD-OCC

	13
	2
	1008,1009
	No
	0
	FDM-group#1, FD-OCC

	14
	2
	1010,1011
	No
	0
	FDM-group#2, FD-OCC

	15
	2
	1000,1006
	No
	0
	FDM-group#0, TD-OCC

	16
	2
	1000,1006
	Yes
	0
	FDM-group#0, TD-OCC, FDM with data

	17
	2
	1000,1001
	Yes
	0
	FDM-group#0, FD-OCC, FDM with data

	18
	3
	1000,1001,1002
	No
	0
	FDM-group#0+ FDM-group#1 

	19
	3
	1000,1001,1002
	Yes
	0
	FDM-group#0+FDM-group#1, FDM with data

	20
	3
	1000,1001,1006
	No
	0
	FDM-group#0, FD-OCC, TD-OCC

	21
	3
	1000,1001,1006
	Yes
	0
	FDM-group#0, FD-OCC, TD-OCC, FDM with data

	22
	4
	1000-1003
	No
	0
	FDM-group#0+FDM-group#1, FD-OCC+FDM

	23
	4
	1000-1003
	Yes
	0
	FDM-group#0+FDM-group#1, FD-OCC+FDM, FDM with data

	24
	4
	1000,1001,1006,1007
	No
	0
	FDM-group#0, FD-OCC, TD-OCC

	25
	4
	1000,1001,1006,1007
	Yes
	0
	FDM-group#0, FD-OCC, TD-OCC, FDM with data

	26
	5
	1000,1001,1006,1007,1002
	No
	0
	FDM-group#0+FDM-group#1

	27
	6
	1000,1001,1006,1007,1002,1003
	No
	0
	FDM-group#0+FDM-group#1

	28
	7
	1000,1001,1006,1007,1002,1003,1008
	No
	0
	FDM-group#0+FDM-group#1

	29
	8
	1000,1001,1006,1007,1002,1003,1008,1009
	No
	0
	FDM-group#0+FDM-group#1

	30
	8
	1000,1001,1006,1007,1002,1003,1008,1009
	Yes
	0
	FDM-group#0+FDM-group#1, FDM with data for NR peak rate

	31
	Reserved
	
	
	




Conclusion
Based on the discussion in this contribution, we recap the following long list of proposals:
Proposal 1: For broadcast/multicast PDSCH and unicast transmissions before RRC configuration, the DMRS pattern is based on the front-loaded single-symbol DMRS Configuration type 1 with
· Additional DMRS in 6th , 9th  and 12th symbols
· FDM between DMRS and single-port transmission of PDSCH.
Proposal 2: In slots with PDSCH transmissions up to at least 12th symbol, two additional DMRS symbols can be configured in the 8th and 12th symbol.
Proposal 3: In slots with PDSCH transmissions up to at least 12th symbol, three additional DMRS symbols can be configured with locations aligned with proposed default DMRS pattern, the 6th , 9th  and 12th symbol.
Proposal 4: In mixed slots, where the PUSCH transmissions does not start at the first OFDM symbol in the slot, the first UL symbol contains the first front loaded DMRS symbol.
Proposal 5: For PUSCH in a slot with UL only where PUSCH starts at the first OFDM symbol
· Front-loaded DMRS starts at the 3rd symbol
· When one additional DMRS symbol is configured for the 1-symbol front-load DMRS, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol
Proposal 6: RAN1 should select one of the following options to assist CFO estimation in UL with front-loaded DMRS:
1. A UE can be configured with additional DMRS which presence can be dynamically indicated
2. A UE can be configured with a PTRS pattern that does not depend on MCS and its presence can be dynamically indicated
3. A UE can be configured with a PTRS pattern that does not depend on MCS and is always transmitted in conjunction with PUSCH
Proposal 7: DMRS scrambling ID is RRC configured and encoded into TCI states (c.f. PQI states in LTE) and not in the antenna port mapping table as in LTE
Proposal 8: The tables in section 4.1 and 4.2 are proposed for antenna port mapping 
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Appendix
[bookmark: _Ref492910280]Simulations for DMRS for broadcast 
In this section, we compare the DMRS configurations for broadcast, which are not pre-coded. Because the DMRS for aiding system information blocks need to be rather robust against SNR, Doppler and frequency selectivity, we will compare multiple-symbol DMRS patterns based on configuration-1 and 2.
TDL-C channel model with 1000ns RMS delay spread is used in the simulations. The number of Tx and Rx antennas are 2 and 2, respectively. The sub-carrier spacing is 30kHz. The carrier frequency is 4GHz. UE speed is 500km/h. A fixed payload 250bits are transmitted using QPSK, rank-1, and 12 PRBs in the transmission. Depending on different overhead of DMRS, the code rate is adjusted in each transmission with fixed payload. Practical LMMSE channel estimator is used.  
1+1+1+1 DMRS: configuration-1 vs. configuration-2 with fixed payload at 500 km/h

[bookmark: _Hlk492647811]In this section, we compare the following DMRS patterns using a fixed payload of 250 bits which is a typical value for RMSI. 2 antenna ports are separated by FDM for both patterns. Therefore, the overhead for configuration-1 is 48 REs, and for configuration-2 is 64 REs per PRB. 

[image: ]
Figure 4. 1+1+1+1 DMRS patterns: configuration-1 vs. configuration-2

The BLER performance is shown in the following picture. 

[image: cid:image001.png@01D3272B.6FA6B670]
[bookmark: _Hlk492649097]Figure 5. BLER performance comparison: configuration-1 vs. configuration-2, 250bits payload, 500km/h

[bookmark: _Ref492648218]For 4-symbol DMRS, configuration-1 based pattern provides better BLER performance compared to configuration-2 based pattern. 
For high frequency-selective channels and at low SNR regime, configuration-2 based pattern suffers from the long FDM distance which degrade the channel estimation performance, and the higher code rate which due to higher overhead compared with configuration-1 based.    
1+1+1 DMRS: configuration-1 vs configuration-2 with fixed payload at 500 km/h

In this section, we compare the following DMRS patterns. 2 antenna ports are separated by FDM for both patterns. Therefore, the overhead for configuration-1 is 36 REs, and for configuration-2 is 48 REs per PRB. 

[image: ]
Figure 6. 3-symbol DMRS pattern: configuration-1 vs configuration-2

For fixed payload 250bits, the BLER performance is shown in the following figure. 
[image: ]
Figure 7 BLER performance comparison: configuration-1 vs. configuration-2, 250bits payload, 500km/h

[bookmark: _Ref492648229]Configuration-1 based DMRS patterns are better than configuration-2 based patterns in terms of BLER performance down to  1% error rate, with fixed payload. 

Configuration-1: 1+1+1 DMRS vs. 1+1+1+1 DMRS with fixed payload at 500 km/h

In this section, we will provide simulation results to compare the DMRS pattern based on configuration-1. We wish to observe how many symbols does DMRS need to be sufficient robust for low order MCS transmission. In the following simulations, a fixed payload 250 bits is transmitted with 3-symbol and 4-symbol DMRS. Because of different overhead, a lower code rate for PDSCH is transmitted with 3-symbol DMRS compared to that of using 4-symbol DMRS.  


[image: ]
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Figure 8. 1+1+1 and 1+1+1+1 types of DMRS used for broadcast

The BLER performance is shown in the figure below. 

[image: ]
Figure 9 BLER performance comparison: configuration-1 vs configuration-2, 3 and 4 DMRS, 250bits payload, 500km/h


Configuration-1 with 4-symbol DMRS performs the best among all candidates at high speed and high delay spread scenarios with fixed payload.
Therefore, the 4-symbol DMRS pattern based on configuration-1 should be used for broadcast and a proposal is made in the main sections of the contribution. 
Simulations for additional DMRS positions in high speed scenarios
In this section, we compare the DMRS patterns based on configuration-1 for high speed scenarios. We wish to answer the following questions in this section: 
· Other than the front-load and back-load DMRS whose positions are already agreed, where to locate the symbol position for the middle DMRS in the 1+1+1 pattern? 
· Is there some scenario that the 1+1+1+1 DMRS pattern would be necessary to use?
· Where to place the middle DMRS symbols for the 1+1+1+1 DMRS pattern? 

Configuration-1: additional DMRS positions, Link adaptation

In order to compare the DMRS patterns with different overhead, we present the throughput results based on link-adaptation. TDL-C channel model with 100ns RMS delay spread is used in the simulations. The number of Tx and Rx antennas are 4 and 4, respectively. The sub-carrier spacing is 30kHz. The carrier frequency is 4GHz. Rank-4 transmission is simulated, with 4 orthogonal ports separated by combs and then frequency OCC. We simulate UE speed from 60km/h to 500km/h. 

[image: ]

The throughput results are shown in the following figures. 
[image: ]
Figure 10 Throughput comparison of multi-symbol DMRS patterns. 60km/h, rank-4 transmission.

[image: ]
Figure 11 Throughput comparison of multi-symbol DMRS patterns. 120km/h, rank-4 transmission.
[image: ]
Figure 12 Throughput comparison of multi-symbol DMRS patterns. 350km/h, rank-4 transmission.

[image: ]
Figure 13 Throughput comparison of multi-symbol DMRS patterns. 500km/h, rank-4 transmission.

For medium level speed, e.g., 60km/h, 2-symbol DMRS is the best candidate among all multi-symbol DMRS. 
DMRS pattern with 1+1+1 symbols performs the best in the speed range 120 to 350km/h.
DMRS pattern with 1+1+1+1 symbols is necessary for very high speed such as 500km/h.
Therefore, 4-symbol DMRS pattern should be supported for high speed and high SNR scenario, in which the middle DMRS are put at symbol indices {5, 8}. 
Configuration-1: 1+1+1 pattern positions
In this section, we compare the 3-symbol DMRS pattern performance, in which we focus on two candidates for the middle DMRS symbol position, namely, 6 and 7. The middle DMRS position selection are motived by the facts:
· Considering the agreement for the front and back load DMRS, symbol index 7 has already agreed to be one of the positions for additional DMRS. Therefore, in case the back-load DMRS is placed later than index 7, e.g., index 9 or 11, the middle DMRS placing at index 7 can possible reduce the total configurations for DMRS by avoiding introducing a new position for DMRS.
· From channel estimation performance perspective, the middle DMRS symbol is better to be placed at the median position of the front and back-load DMRS. Therefore, another candidate may naturally to be symbol index 6. 
Slot format: 2-symbol PDCCH + PDSCH

In this section, we compare the following DMRS patterns. TDL-C channel model with 100ns RMS delay spread is used in the simulations. The number of Tx and Rx antennas are 4 and 4, respectively. The sub-carrier spacing is 30kHz. The carrier frequency is 4GHz. Rank-4 transmission is simulated, with 4 orthogonal ports separated by combs and then frequency OCC. UE speeds are 120km/h and 350km/h. 
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Figure 14 3-symbol DMRS patterns: {2, 6, 11} vs. {2, 7, 11}

The BLER performance for different MCS at UE speed 120km/h is shown below. 
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Figure 15. BLER performance, DMRS pattern as symbol index {2, 6, 11} vs. {2, 7, 11}, 120km/h

The BLER performance for different MCS at UE speed 350km/h is shown below. 
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Figure 16. BLER performance, DMRS pattern as symbol index {2, 6, 11} vs. {2, 7, 11}, 350km/h


[bookmark: _Ref492655537]For regular slot format, specifically, 2-symbol PDCCH padded with PDSCH, additional DMRS position at symbol {2, 6, 11} and {2, 7, 11} have similar performance in speed range 120km/h to 350km/h.

Slot format: 3-symbol PDCCH + PDSCH + 3-symbol UL
In this section, we compare the following DMRS patterns. TDL-C channel model with 100ns RMS delay spread is used in the simulations. The number of Tx and Rx antennas are 4 and 4, respectively. The sub-carrier spacing is 30kHz. The carrier frequency is 4GHz. Rank-4 transmission is simulated, with 4 orthogonal ports separated by combs and then frequency OCC. UE speeds are 120km/h and 240km/h. 
The slot format and DMRS patterns are illustrated in the following figure. 
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Figure 17 Mixed slot with 3-symbol DMRS at symbol indices {3, 6, 9} and {3, 7, 9}
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Figure 18. BLER performance, DMRS pattern as symbol index {3, 6, 9} vs. {3, 7, 9}, 120km/h
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Figure 19. BLER performance, DMRS pattern as symbol index {3, 6, 9} vs. {3, 7, 9}, 240km/h

[bookmark: _Ref492655546]1+1+1 DMRS position at index {3, 6, 9 } performs slightly better than the position at index {3, 7, 9} at 240km/h for mixed slot.  

[bookmark: _GoBack]Based on Observation 8 and Observation 9, for the 3-symbol DMRS, the middle DMRS should be placed at symbol index 7. 
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