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Introduction
In the previous RAN1 #90bis meeting, we discussed DMRS design for NR and some agreements were made [1]. In this contribution, we share LG’s views on remaining details on DMRS design. 
Discussion
DMRS table for downlink DMRS port assignment
In the last meeting, it was agreed that the potential presence of co-scheduled DMRS CDM groups for rate matching is included in DMRS table. Potential presence of co-scheduled DMRS CDM groups can also indicate potential interference DMRS ports as well as whether to rate match. Table 1 shows an example of DMRS table for 1-symbol front-load DMRS with type 1.
Table 1. An example of DMRS table for 1-symbol front-load DMRS with type 1 (4bits)
	value
	message

	#
	Scheduled DMRS ports
	Potential co-scheduled
 CDM group index
	# of front-load DMRS symbols

	0
	1000
	N/A
	1

	1
	1000
	0
	1

	2
	1000
	1
	1

	3
	1000
	0, 1
	1

	4
	1001
	0
	1

	5
	1001
	0, 1
	1

	6
	1002
	0
	1

	7
	1002
	0, 1
	1

	8
	1003
	0, 1
	1

	9
	1000, 1001
	N/A
	1

	10
	1000, 1001
	1
	1

	11
	1000, 1002
	N/A
	1

	12
	1002, 1003
	0
	1

	13
	1000, 1001, 1002
	N/A
	1

	14
	1000, 1001, 1002, 1003
	N/A
	1

	15
	reserved
	reserved
	reserved



In Table 1, CDM group 0 and CDM group 1 consist of DMRS ports (1000, 1001) and (1002, 1003), respectively. For example, if value #1 in Table 1 is indicated to an UE, the scheduled DMRS port is 1000, and potential co-scheduled DMRS port 1001 can be contained in CDM group 0 and rate matching is performed in the CDM group 0. And, if value #2 is indicated to an UE, the scheduled DMRS port is 1000, and potential co-scheduled DMRS port (1002, 1003) can be contained in CDM group 1 and rate matching is performed in CDM group 0 and 1.
When rate matching is indicated by gNB, then it is natural that rate matching is performed in all DMRS symbols, i.e. both front-load DMRS and (if configured) additional DMRS, in the same manner. Also, if rate matching is indicated, the power of DMRS REs can be boosted by borrowing the power of rate matched REs in the same OFDM symbol. When the power of DMRS REs is boosted, then the ratio of PDSCH EPRE to DMRS EPRE can be expressed as -10*log10(the number of CDM groups for data rate matching in DMRS symbol) dB. The CDM groups for the scheduled DMRS ports and the potential co-scheduled ports are the CDM groups for data rate matching.
Proposal #1: When rate matching is indicated by gNB, then all DMRS symbols, i.e. both front-load DMRS and (if configured) additional DMRS, should be rate matched in the same manner.
Proposal #2: When rate matching is indicated, the power of DMRS REs are boosted and the ratio of PDSCH EPRE to DMRS EPRE is expressed as -10*log10(the number of CDM groups for data rate matching in DMRS symbol) dB.

In the previous RAN1 #90bis meeting, there was an agreement about the relation between DMRS and PTRS as follows, “UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot in case of above 6 GHz”. The main motivation of this agreement was performance degradation of TD-OCC due to phase noise in the high frequency band. So, if the presence of PTRS is configured to an UE by higher layer signaling, then TD-OCC should not be used for DMRS port multiplexing. In conclusion, our proposal is as follows.
Proposal #3:  If a UE is configured with the higher layer parameter PT-RS presence “on”, UE is expected that any DM-RS ports(s) from DM-RS ports set [1004-1007] or [1006-1011] is not assigned to co-scheduled UE(s) as well as the UE for DMRS configurations type 1 and type 2, respectively.

Collision handling
In the previous email discussion [90b-NR-20], some issues on 2/4/7-symbol non-slot-based scheduling were discussed. One of the issues was the case that PDSCH and PDCCH are FDMed and the PDSCH in any of the scheduled OFDM symbols overlaps with the PDCCH in frequency domain. In this case, the front-load DMRS should be mapped to the next symbol in PRG(s) where there is collision between the PDSCH DMRS and PDCCH. This is because DMRS channel estimation is done in a unit of PRG, so DMRS is shifted only in PRG(s) where there is collision between the PDSCH and PDCCH. In case of collision between SSB and PDSCH DMRS, the front-load DMRS should also be mapped to the next symbol in PRG(s) where there is collision between the SSB and PDSCH DMRS because of the same reason. Figure 2 shows an example of the proposed method. 
[image: ]
Figure 2. Front-load DMRS shifting in a unit of PRG
Proposal #4: For non-slot based scheduling, the front-load DMRS should be mapped to the next symbol in PRG(s) where there is collision between the PDSCH DMRS and PDCCH/SSB.
If additional DMRS is configured to an UE, however, front-load DMRS can be placed too close to additional DMRS according to the number of PDCCH transmission OFDM symbols. To solve this problem, we can consider that the front-load DMRS is not transmitted in PRB(s) where PDCCH is exist when the number of PDCCH transmission OFDM symbols is larger than x symbols, e.g. x=2, because only additional DMRS can be used for channel estimation. Figure 3 shows an example of the proposed method.
[image: ]
Figure 3. Front-load DMRS shifting with additional DMRS
Proposal #5: For non-slot based scheduling, the front-load DMRS is not transmitted in PRB(s) where PDCCH is exist when the number of PDCCH transmission OFDM symbols is larger than x symbols, e.g. x=2.
On the one hand, in case of 2/4-symbol non-slot-based scheduling, DMRS shifting can cause higher RS overhead. So, in this case we can consider that the front-load DMRS cannot mapped for PRB(s) where PDCCH is exist to reduce RS overhead, and DMRS for PDCCH can be used for PDSCH demodulation.

Remaining issues on additional DMRS
In the previous meeting, UE-specific higher layer signaling for configuration of the number of additional DMRS for PDSCH was agreed. The number of maximum additional DMRS for PDSCH can be different according to the number of front-load DMRS OFDM symbols. The maximum number of 2-symbol additional DMRS tied to 2-symbol front-load DMRS is smaller than the maximum number of 1-symbol additional DMRS tied to 1-symbol front-load DMRS. On the one hand, the number of front-load DMRS OFDM symbols should be dynamically configured either 1 or 2. For this case, we should consider different number of additional DMRS for each number of front-load DMRS symbols at least for MU-MIMO use case. For example, even if 1+1 is enough for a high speed UE1, the UE1 needs to be configured 1+1+1 when co-scheduled UEs are very high speed. This is because we agree that MU-paired UEs should have the same # of DMRS symbol. In the next slot, if co-scheduled UEs are not very high speed, UE1 uses 2+2 with high MU capacity. To support different number of additional DMRS according to the number of front-load DMRS symbols, following two alternatives should be considered.
· Alt. 1: When an UE is configured with the maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos={0,1,2,3}. If the actual number of front-load DMRS symbol is 2, then the number of additional DMRS is min(1, DL-DMRS-add-pos).
· Alt. 2: When an UE is configured with a maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos1={0,1,2,3} and DL-DMRS-add-pos2={0,1}. DL-DMRS-add-pos1 and DL-DMRS-add-pos2 indicate the number of additional DMRS when the actual number of DMRS is 1 and when the actual number of DMRS is 2, respectively.

Proposal #6: The number of additional DMRS should be able to dynamically change depending on the actual number of front-load DMRS symbols. To support it, following two alternatives should be considered.
· Alt. 1: When an UE is configured with the maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos={0,1,2,3}. If the actual number of front-load DMRS symbol is 2, then the number of additional DMRS is min(1, DL-DMRS-add-pos).
· Alt. 2: When an UE is configured with a maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos1={0,1,2,3} and DL-DMRS-add-pos2={0,1}. DL-DMRS-add-pos1 and DL-DMRS-add-pos2 indicate the number of additional DMRS when the actual number of DMRS is 1 and when the actual number of DMRS is 2, respectively.

DMRS for slot-based broadcast/multicast PDSCH and unicast PDSCH before RRC configuration
In our companion contribution [2], some evaluation results about two alternatives for the broadcast/multicast PDSCH DMRS, i.e. Type 1 with 1-symbol front-load DMRS, Type 2 with 2-symbol front-load DMRS., were provided. Based on these results, we observed Type 1 with 1-symbol front-load DMRS can achieve higher BLER performance than Type 2 with 2-symbol front-load DMRS. This is because Type 1 with 1-symbol front-load DMRS has lower RS overhead than Type 2 with 2-symbol front-load DMRS, so that Type 1 with 1-symbol front-load DMRS has lower channel coding rate. Type 1 also has higher RS density in frequency domain, so that it can be more robust to large delay spread channel. As a result, considering robustness to frequency selectivity and lower RS overhead, type 1 with 1-symbol front-load DMRS should be supported for the broadcast PDSCH transmission. So, we propose to confirm the last working assumption on broadcast/multicast PDSCH. And DMRS pattern for broadcast/multicast PDSCH can also be used for unicast PDSCH before RRC configuration. 
Proposal #7: Confirm the following working assumption and extend to slot-based unicast PDSCH before RRC configuration.
· For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1

For slot-based broadcast/multicast PDSCH and unicast PDSCH before RRC configuration, NR can reuse the agreed DMRS patterns for unicast PDSCH after RRC configuration. In this case, the maximum number of additional DMRS that the indicated start/end PDSCH symbol supports can be used for both locations of front-load DMRS, i.e. 3rd and 4th. In this case, for high speed UEs, the maximum number of additional DMRS can be supported according to the indicated start/end PDSCH symbol. Table 2 shows the agreed number of and location of additional DMRS. Position of last PDSCH symbol (PLPS) can be dynamically indicated to an UE. And, the maximum number of and location of additional DMRS can be implicitly configured according to the indicated PLPS. The examples for the proposal are as follows:
· Position of last PDSCH symbol=13  the number of additional DM-RS=3 and positions=(5,8,11)
· Position of last PDSCH symbol=10  the number of additional DM-RS=2 and positions=(6,9)
· Position of last PDSCH symbol=8  the number of additional DM-RS=1 and positions=(7)
Table 2. The number of and location of additional DMRS according to position of last PDSCH symbol
	Position of last PDSCH symbol
	
Additional DM-RS positions 

	
	PDSCH mapping type A

	
	DL-DMRS-add-pos

	
	0
	1
	2
	3

	≤7
	-
	
	
	

	8
	-
	7
	
	

	9
	-
	9
	6, 9
	

	10
	-
	9
	6, 9
	

	11
	-
	9
	6, 9
	5, 8, 11

	12
	-
	11
	7, 11
	5, 8, 11

	13
	-
	11
	7, 11
	5, 8, 11



Proposal #8: For slot-based broadcast/multicast PDSCH and unicast PDSCH before RRC configuration, the number of additional DMRS is determined to be the maximum number of additional DMRS, which the indicated start/end PDSCH symbol supports.

DMRS sequence for pi/2 BPSK in DFT S OFDM
There are two alternatives for DMRS sequence; ZC or new pi/2 sequence. When choosing between the two alternatives, we need to consider several aspects such as low PAPR, BLER performance and UE complexity. In our view, ZC sequence is not the best sequence in terms of low PAPR but it provides good enough PAPR characteristic, which is proven by the fact that it has been used and working well in LTE system. Even if pi/2 sequence has lower PAPR than ZC sequence, it increases UE complexity since new sequence is added other than ZC sequence. Additionally, since frequency response of pi/2 sequence is not constant enough, there is BLER performance degradation. Considering balance among low PAPR, BLER performance and UE complexity, supporting ZC sequence for pi/2 BPSK is reasonable.
[bookmark: _GoBack]Proposal #9: Support ZC sequence for pi/2 BPSK in DFT S OFDM

Conclusion
In this contribution, we discuss some issues on remaining details on DMRS design. From the discussion, we propose as follows:
Proposal #1: When rate matching is indicated by gNB, then all DMRS symbols, i.e. both front-load DMRS and (if configured) additional DMRS, should be rate matched in the same manner.
Proposal #2: When rate matching is indicated, the power of DMRS REs are boosted and the ratio of PDSCH EPRE to DMRS EPRE is expressed as -10*log10(the number of CDM groups for data rate matching in DMRS symbol) dB.
Proposal #3:  If a UE is configured with the higher layer parameter PT-RS presence “on”, UE is expected that any DM-RS ports(s) from DM-RS ports set [1004-1007] or [1006-1011] is not assigned to co-scheduled UE(s) as well as the UE for DMRS configurations type 1 and type 2, respectively.
Proposal #4: For non-slot based scheduling, the front-load DMRS should be mapped to the next symbol in PRG(s) where there is collision between the PDSCH DMRS and PDCCH/SSB.
Proposal #5: For non-slot based scheduling, the front-load DMRS is not transmitted in PRB(s) where PDCCH is exist when the number of PDCCH transmission OFDM symbols is larger than x symbols, e.g. x=2.
Proposal #6: The number of additional DMRS should be able to dynamically change depending on the actual number of front-load DMRS symbols. To support it, following two alternatives should be considered.
· Alt. 1: When an UE is configured with the maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos={0,1,2,3}. If the actual number of front-load DMRS symbol is 2, then the number of additional DMRS is min(1, DL-DMRS-add-pos).
· Alt. 2: When an UE is configured with a maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos1={0,1,2,3} and DL-DMRS-add-pos2={0,1}. DL-DMRS-add-pos1 and DL-DMRS-add-pos2 indicate the number of additional DMRS when the actual number of DMRS is 1 and when the actual number of DMRS is 2, respectively.
Proposal #7: Confirm the following working assumption and extend to slot-based unicast PDSCH before RRC configuration.
· For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
Proposal #8: For slot-based broadcast/multicast PDSCH and unicast PDSCH before RRC configuration, the number of additional DMRS is determined to be the maximum number of additional DMRS, which the indicated start/end PDSCH symbol supports.
Proposal #9: Support ZC sequence for pi/2 BPSK in DFT S OFDM
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