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Introduction
In RAN1#89 meeting, there were following conclusions on DMRS for CP-OFDM [1]:
Working assumption:
· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM
· Front-load DMRS Configuration 1: Supports up to 8 ports
· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)
· One OFDM symbol: 
· To be down selected to 1 Alt:
· Alt 1: Comb 2 + 2 CS, up to 4 ports
· Alt 2: Comb 4 + 2 CS, up to 8 ports
· Two OFDM symbols: 
· To be down selected to 2 Alts:
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports
· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports
· Front-load DMRS Configuration 2: Supports up to 12 ports
· FD-OCC pattern with adjacent REs in the frequency domain
· One OFDM symbol:
· To be down selected to 1 Alt:
· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports
· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports
· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports
· Two OFDM symbols: 
· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· FFS: DMRS pattern before configuration, e.g., SIB1
Conclusion:
· When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission 
· For 7-symbol slot. down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· For  14-symbol slot, down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· Companies are encouraged to provide simulation results for additional DMRS position for mobility scenarios and the assumed number of symbols for front loaded DMRS and additional DMRS, and consider the minimum time to support fast demodulation for DM-RS pattern related design 
In this contribution, we further provide our views on remaining DMRS issues.
Discussion
In RAN1#89 meeting, two DMRS structures had been agreed as working assumption for NR data demodulation. One is IFDM based pattern and the other is FD-OCC based pattern. Both of these two patterns support TD-OCC and non TD-OCC multiplexing when two OFDM symbols are allocated. Since the proposals of the working assumption in section 1 provide most flexibility, we propose to confirm the working assumption firstly and further discuss more details.
Proposal 1: Confirm the DMRS working assumption made in RAN1#89 meeting. 
After confirming the working assumption, the following details should be determined:
· DMRS design in time domain including
· Front loaded DMRS position
· DMRS position for self contained feedback
· DMRS position for high speed scenario
· Multiplexing scheme in time domain
· Patterns for IFDM based 
· Patterns for FD-OCC based
· Signaling to inform DMRS parameters including explicit signaling and implicit signaling, higher layer signaling and DCI signaling 
· DMRS parameters for SIB, paging and RAR
0. DMRS position in time domain
2.1.1 Front loaded DMRS position
In RAN1#89 meeting, there was a working assumption on NR PDCCH as follows
Working assumptions:
· For a time-duration of a CORESET:
· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
In other words, the maximum number of PDCCH symbols is 3. To ensure non-overlapping between front loaded DMRS and NR PDCCH, DL front loaded DMRS should be fixed in the 4th symbol when 1 DMRS symbol is allocated. In order to achieve common design for DL and UL DMRS, 1 symbol of UL front loaded DMRS should also be fixed in the 4th symbol in one slot. However, it is hard to ensure non-overlapping between UL DMRS and GP because 1 symbol for GP is needed between UL transmission and 3 symbols PDCCH.  In this case, the symbol of front loaded DMRS should be fixed in the 5th symbol in the slot as shown in Figure 1(a). In order to achieved common design between UL and DL DMRS, 1 symbol of DL front loaded DMRS should be also fixed in the 5th symbol as shown in Figure 1(b).
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Figure 1 Front loaded DMRS is fixed in the 5th symbol 
Proposal 2: For front loaded DMRS with 1 symbol, the front loaded DMRS is fixed in the 5th symbol for both UL and DL.
Since whether 1 or 2 DMRS symbols of front loaded DMRS is configured dynamically, it is hard to guarantee the positions of all DMRS symbols are same between DL and UL for cross link interference measurement. In consequence, there is no need to fix the same positions of 2 DMRS symbols for UL and DL. For DL, when 2 symbols are allocated for front loaded DMRS, the two symbols of front loaded DMRS can be fixed to  4th symbol and 5th symbol respectively in order to achieve fast demodulation as shown in Figure 2(b). For UL front loaded DMRS, the two symbols can be fixed to the 5th symbol and 6th symbol respectively as shown in Figure 2(a). Alternatively, it can be mapped to the 4th and 5th symbols when the number of PDCCH symbols is less than 3. Since at least the 5th symbol is always the overlapping symbol for UL and DL, then it can be used for cross link interference measurement.
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(2a) for UL                                                                           (2b) for DL
Figure 2 Two symbols front loaded DMRS
Proposal 3: For DL front loaded DMRS with 2 symbols, the two symbols of front loaded DMRS are fixed to 4th symbol and 5th symbol respectively. 
Proposal 4: For UL front loaded DMRS with 2 symbols, support one of following candidates
· Alt. 1: The two symbols of front loaded DMRS are fixed to  5th symbol and 6th symbol respectively
· Alt. 2: If number of PDCCH symbols is less than 3, he two symbols of front loaded DMRS are fixed to 4th symbol and 5th symbol respectively.  Otherwise, the two symbols of front loaded DMRS are fixed to 5th symbol and 6th symbol respectively. 
2.1.2 DMRS position for self contained feedback
In RAN1#89 meeting, there was a conclusion for DMRS position for self contained A/N feedback as follows
Conclusion
· When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission 
· For 7-symbol slot. down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· For  14-symbol slot, down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
· Companies are encouraged to provide simulation results for additional DMRS position for mobility scenarios and the assumed number of symbols for front loaded DMRS and additional DMRS, and consider the minimum time to support fast demodulation for DM-RS pattern related design 
For fast demodulation, the last DMRS symbol should not be too late when ACK/NACK feedback is configured in the same slot with corresponding DL data transmission. In our view, it is better to set the last DMRS symbol within the first half of a 14-symbol slot. Since the first symbol of front loaded DMRS is fixed in the 5th symbol, the additional DMRS should be no later than the 7th symbol for fast demodulation and simple design. 
For 14 symbol slot, according to our simulation results, front loaded DMRS in the 5th symbol with one additional DMRS in the 7th symbol can introduce performance gain in middle speed scenario [2], we propose to introduce additional DMRS in the 7th symbol when ACK/NACK feedback is configured in the same slot with corresponding DL data transmission.
For 7 symbol slot, it seems hard to support self-contained ACK/NACK feedback if the front loaded DMRS is fixed in the 5th symbol. 
2.1.3 DMRS position for high speed scenarios
For high speed scenario, we propose pattern 3a and 3b. As shown in Figures, we take the IFDM based pattern as examples. The pattern 3b is used when it has more than 2 GP/UL symbols. And the pattern 3a is used when it has 2 or less GP/UL symbols since it can introduce better performance than pattern 3b as shown in our companion contribution [2]. 
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Pattern 3a                                                             pattern 3b
Figure 3 DMRS patterns for high speed scenario 
For extreme high speed scenario, we propose the pattern as shown in Figure 4 where the DMRS in the 2th  symbol should not be transmitted when it has more than one PDCCH symbol.
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Figure 4 DMRS pattern for extreme high speed scenario
In addition, since flexible starting position and duration of PDSCH has been supported for DL/UL data scheduling, the additional DMRS in symbol 12 will not be needed, if PDSCH duration is short and ends in symbol 9 in the Figure 4.
Proposal 5: The number of additional DMRS symbols depends on PDSCH duration.
2.1.4 Multiplexing schemes in time domain
When two adjacent OFDM symbols are allocated for front loaded DMRS transmission, TD-OCC can increase the accuracy of channel estimation in low frequency bands which has been verified in LTE. However, TD-OCC may have some problems in high frequency bands since random phase rotation will lead to different channel estimation among different OFDM symbols. In this case, the application of TD-OCC will be impacted and non TD-OCC multiplexing is reasonable to be configured in scenarios with phase noise, wherein non TD-OCC is repetition and TDM for IFDM and FD-OCC based pattern respectively as described in the working assumption of section 1.
Because configuration of TD-OCC and non TD-OCC depends on whether phase noise exists or not, and the presence of PTRS will be configured by RRC signal when phase noise exists, TD-OCC should be used when RRC signal indicates absence of PTRS, TDM or repetition should be used when RRC signal indicates presence of PTRS. Consequently, there is no need to introduce additional RRC signaling to indicate whether TD-OCC or non TD-OCC is configured. The related simulation results can be found in our companion contribution [2].
Proposal 6: When two OFDM symbols are allocated for DMRS transmission, 
· TD-OCC should be used when RRC signal indicates absence of PTRS
· Repetition and TDM should be used for IFDM and FD-OCC based pattern respectively when RRC signal indicates presence of PTRS
0. FD-OCC based pattern
Based on in section 2.1.1, we propose pattern 5a and 5b for 1 symbol and 2 symbol DMRS with TDM respectively. For one DMRS symbol, up to 6 DMRS ports are supported for unified design for 1 DMRS symbol and 2 DMRS symbols.
Proposal 7: For front loaded DMRS with FD-OCC based pattern, support up to 6 ports for 1 symbol front loaded DMRS.
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Pattern 5a                                                                 Pattern 5b Pattern with TDM
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Pattern 5c Pattern with TD-OCC
Figure 5 Front loaded DMRS patterns based on FD-OCC
In pattern 5a and 5b, continuous DMRS ports are mapped on different OCC2 groups, this is useful for non-coherent JT transmission scheme when different layers are not from the same TRP and the QCL assumption is not same. E.g. for one UE with port 1, 2 which are FDMed, it is better than CDM multiplexing because the fine time/frequency tracking for port 1 and port 2 may be different. Moreover, when only this UE is scheduled, no inter-code interference between port 1 and port 2 exists by FDM. 
For 2 DMRS symbols with TD-OCC, one OCC4 group is mapped on two time-adjacent OCC2 groups as shown in Figure 5c. Similar with pattern 5b, continuous DMRS ports are also mapped on different OCC4 groups, it tends to distribute DMRS ports among OCC4 groups more evenly when fewer ports are allocated. E.g. for one UE with 6 ports, 3 DMRS port groups is formed with each of these  two DMRS port groups mapped to one OCC 4 group. 
Proposal 8: Adopt pattern 5a-5c for 1 symbol and 2 symbols front loaded DMRS.
IFDM based pattern
In order to increase the number of orthogonal MU-users with unequal allocated bandwidths, IFDM based pattern with RPF=2 was introduced for UL DMRS in Rel-14 eFD-MIMO. In NR, IFDM based pattern has been agreed as a working assumption to support up to 8 ports. However, whether RPF =4 or PRF=2 has not been determined yet. Based on our simulation results [2], RPF=4 cannot provide robust performance especially for the channel with large frequency selectivity.  Therefore, we propose to support RPF=2 only. The proposed patterns can be found in Figure 6.
Proposal 9: For front load DMRS configuration 1, support IFDM based pattern with Comb 2 with cyclic shift
· One OFDM symbol: 
· Alt 1: Comb 2 + 2 CS, up to 4 ports
· Two OFDM symbols: 
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports
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Figure 6 IFDM based patterns
Signaling design
Although some aforementioned signalling can be used to implicitly inform DMRS parameters, the control signalling overhead is still large if all explicit parameters are configured by DCI. Therefore, hierarchical configuration of DMRS parameters settings can be used in order to balance the DCI overhead and flexibility. Since some parameters are depended on cell scenario, UE speed, delay spread and so on which do not dynamically vary, these related DMRS parameters can be configured by RRC signalling or MAC CE in the first level setting. Then, some fast changing parameters such as DMRS port number and sequence can be configured dynamically by DCI in the second level. 
Moreover, since configurations of transmission modes, MCS, PTRS and DMRS are closely related, joint configuration may be needed. The overhead of physical layer control signalling will be unaffordable. Three level settings including RRC, MAC CE and DCI can be used to further balance the flexibility and signalling overhead. More details can be founded in our companion contribution [3].  
Effective region is also proposed in [3] for hierarchical configuration.   For example, in order to support fast decoding - DMRS patterns for subsequent data transmission can be semi-statically configured as a certain front-loaded pattern but without additional pattern through MAC-CE signalling in a defined effective region.  Additional DMRS set can be dynamically signalled by DCI due to dynamic change for different use cases like MU-pairing or sudden change on speed.
This hierarchical setting can also be used for DMRS bundling in time domain. In this case, time domain DMRS bundling can be turned on semi-statically and the bundling window can be configured by MAC-CE.  DCI signalling is used if there is sudden change to disable bundling or to change the bundling window size e.g. for MU pairing or for different transmission scheme. More details on bundling issues can be founded in our companion contribution [4]. It is noted that the effective region for different level signalling, e.g., RRC, MAC-CE and DCI, should be different [3]. 
[bookmark: OLE_LINK5]Proposal 10: Hierarchical configuration of DMRS parameters is supported and effective region can be configurable for each level of signalling. 
To be more specific, we provide our signalling design for both FD-OCC and IFDM based pattern for font loaded DMRS.
Signaling design for FD-OCC based pattern
Based on the proposed patterns in section 2.2, we provide Table 1 in the appendix to be introduced in DCI field for indications related to the number of layers, DMRS port index and scrambling identity. Although the maximum number of DMRS ports per UE is 2 for MU-MIMO in LTE, the limitation of 2 should be relaxed because higher orthogonality can achieve for spatial multiplexing between MU-users in NR. . Therefore we propose to at least support maximum 4 DMRS ports per UE. Therefore, we assume maximum 4 layers per one MU-UE which can be configured with different scrambling ID in Table 1. 
As shown in the table, total 80 indications are needed and 7 bits overhead in DCI should be introduced.  
Signaling design for IFDM based pattern
Like LTE UL DMRS design, the number of layers, CS (cyclic shift) index, and comb index should be indicated to UE in DCI. To make CS clear, 4 CS sequences are listed as following
CS#0：[1  1  1  1]T                 CS#1：[1  j  -1  -j]T                   CS#2：[1  -1  1  -1]T                   CS#3：[1  -j  -1 j]T
When CS size is 2, only CS#0 and CS#2 should be used which are the same as OCC 2. As described in Table 2 and Table 3 in the appendix, we provide our views to complete the indications for DMRS related parameters.
As shown in the tables, almost 80 indications are needed and 7 bits overhead in DCI should be introduced.  Compared with 4 bits overhead in LTE, 7 bits seem unaffordable. 
Considering different scenarios may have different requirements, gNB can restrict some values in the tables in order to reduce DCI overhead. E.g. for low traffic scenarios, there is no need to support more than 6 DMRS ports and only 1 DMRS symbol is enough. And then, the value of 14-42 and 55-79 in the table1 can be restricted by higher layer signaling.  In order to adapt to different situation while not spending too much overhead for DCI, MAC-CE can be considered in combination with RRC signaling.
Proposal 11: In order to reduce DCI overhead, DMRS parameter subset restriction configured by higher layer signaling is supported to restrict to certain combination of DMRS port, layers, scrambling ID.  FFS whether to use RRC and/or MAC CE.
DMRS parameters for SIB, paging and RAR
For SIB, paging and random access response information, there may be no RRC connection between gNB and UE. In this case, we propose to use IFDM based pattern with 1 port as default one because of higher density. In this case, different cell can use different CS index in order to achieve interference randomization. E.g. cell 0 uses CS0 and cell 1 use CS 2. 
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of downlink DMRS patterns, and then we provided our views.
Proposal 1: Confirm the DMRS working assumption made in RAN1#89 meeting.
Proposal 2: For front loaded DMRS with 1 symbol, the front loaded DMRS is fixed in the 5th symbol for both UL and DL.
Proposal 3: For DL front loaded DMRS with 2 symbols, the two symbols of front loaded DMRS are fixed to 4th symbol and 5th symbol respectively. 
Proposal 4: For UL front loaded DMRS with 2 symbols, support one of following candidates
· Alt. 1: The two symbols of front loaded DMRS are fixed to  5th symbol and 6th symbol respectively
· Alt. 2: If number of PDCCH symbols is less than 3, he two symbols of front loaded DMRS are fixed to 4th symbol and 5th symbol respectively.  Otherwise, the two symbols of front loaded DMRS are fixed to 5th symbol and 6th symbol respectively. 
Proposal 5: The number of additional DMRS symbols depends on PDSCH duration.
Proposal 6: When two OFDM symbols are allocated for DMRS transmission, 
· TD-OCC should be used when RRC signal indicates absence of PTRS
· Repetition and TDM should be used for IFDM and FD-OCC based pattern respectively when RRC signal indicates presence of PTRS
Proposal 7: For front loaded DMRS with FD-OCC based pattern, support up to 6 ports for 1 symbol front loaded DMRS.
Proposal 8: Adopt pattern 5a-5c for 1 symbol and 2 symbols front loaded DMRS.
Proposal 9: For front load DMRS configuration 1, support IFDM based pattern with Comb 2 with cyclic shift
· One OFDM symbol: 
· Alt 1: Comb 2 + 2 CS, up to 4 ports
· Two OFDM symbols: 
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports
Proposal 10: Hierarchical configuration of DMRS parameters is supported and effective region can be configurable for each level of signalling. 
Proposal 11: In order to reduce DCI overhead, DMRS parameter subset restriction configured by higher layer signaling is supported to restrict to certain combination of DMRS port, layers, scrambling ID.  FFS whether to use RRC and/or MAC CE.
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Appendix
Table 1 Indication of layers, DMRS ports, scrambling ID for front loaded DMRS
	Value
	layers
	DMRS port(s)
	DMRS symbols
	Scrambling ID

	0
	1 layer, 
	Port 1
	1 symbol
	0

	1
	1 layer, 
	Port 2
	1 symbol
	0

	2
	1 layer 
	Port 3
	1 symbol
	0

	3
	1 layer
	Port 4
	1 symbol
	0

	4
	1 layer 
	Port 5
	1 symbol
	0

	5
	1 layer
	Port 6
	1 symbol
	0

	6
	2 layer, 
	Port 1, 2
	1 symbol
	0

	7
	2 layer, 
	Port 3, 4
	1 symbol
	0

	8
	2 layer 
	Port 5, 6
	1 symbol
	0

	9
	3 layer
	Port 1-3
	1 symbol
	0

	10
	3 layer 
	Port 4-6
	1 symbol
	0

	11
	4 layer
	Port 1-4
	1 symbol
	0

	12
	5 layer, 
	Port 1-5
	1 symbol
	0

	13
	6 layer, 
	Port 1-6
	1 symbol
	0

	14
	1 layer 
	Port 1
	2 symbols
	0

	15
	1 layer
	Port 2
	2 symbols
	0

	16
	1 layer 
	Port 3
	2 symbols
	0

	17
	1 layer
	Port 4
	2 symbols
	0

	18
	1 layer 
	Port 5
	2 symbols
	0

	19
	1 layer
	Port 6
	2 symbols
	0

	20
	1 layer 
	Port 7
	2 symbols
	0

	21
	1 layer
	Port 8
	2 symbols
	0

	22
	1 layer 
	Port 9
	2 symbols
	0

	23
	1 layer 
	Port 10
	2 symbols
	0

	24
	1 layer
	Port 11
	2 symbols
	0

	25
	1 layer 
	Port 12
	2 symbols
	0

	26
	2 layer 
	Port 1,2
	2 symbols
	0

	27
	2 layer 
	Port 3,4
	2 symbols
	0

	28
	2 layer 
	Port 5,6
	2 symbols
	0

	29
	2 layer 
	Port 7,8
	2 symbols
	0

	30
	2 layer 
	Port 9,10
	2 symbols
	0

	31
	2 layer 
	Port 11,12
	2 symbols
	0

	32
	3 layer 
	Port 1-3
	2 symbols
	0

	33
	3 layer 
	Port 4-6
	2 symbols
	0

	34
	3 layer 
	Port 7-9
	2 symbols
	0

	35
	3 layer 
	Port 10-12
	2 symbols
	0

	36
	4 layer 
	Port 1-4
	2 symbols
	0

	37
	4 layer 
	Port 5-8
	2 symbols
	0

	38
	4 layer 
	Port 9-12
	2 symbols
	0

	39
	5 layer 
	Port 1-5
	2 symbols
	0

	40
	6 layer 
	Port 1-6
	2 symbols
	0

	41
	7 layer 
	Port 1-7
	2 symbols
	0

	42
	8 layer 
	Port 1-8
	2 symbols
	0

	43
	1 layer, 
	Port 1
	1 symbol
	1

	44
	1 layer, 
	Port 2
	1 symbol
	1

	45
	1 layer 
	Port 3
	1 symbol
	1

	46
	1 layer
	Port 4
	1 symbol
	1

	47
	1 layer 
	Port 5
	1 symbol
	1

	48
	1 layer
	Port 6
	1 symbol
	1

	49
	2 layer, 
	Port 1, 2
	1 symbol
	1

	50
	2 layer, 
	Port 3, 4
	1 symbol
	1

	51
	2 layer 
	Port 5, 6
	1 symbol
	1

	52
	3 layer
	Port 1-3
	1 symbol
	1

	53
	3 layer 
	Port 4-6
	1 symbol
	1

	54
	4 layer
	Port 1-4
	1 symbol
	1

	55
	1 layer 
	Port 1
	2 symbols
	1

	56
	1 layer
	Port 2
	2 symbols
	1

	57
	1 layer 
	Port 3
	2 symbols
	1

	58
	1 layer
	Port 4
	2 symbols
	1

	59
	1 layer 
	Port 5
	2 symbols
	1

	60
	1 layer
	Port 6
	2 symbols
	1

	61
	1 layer 
	Port 7
	2 symbols
	1

	62
	1 layer
	Port 8
	2 symbols
	1

	63
	1 layer 
	Port 9
	2 symbols
	1

	64
	1 layer 
	Port 10
	2 symbols
	1

	65
	1 layer
	Port 11
	2 symbols
	1

	66
	1 layer 
	Port 12
	2 symbols
	1

	67
	2 layer 
	Port 1,2
	2 symbols
	1

	68
	2 layer 
	Port 3,4
	2 symbols
	1

	69
	2 layer 
	Port 5,6
	2 symbols
	1

	70
	2 layer 
	Port 7,8
	2 symbols
	1

	71
	2 layer 
	Port 9,10
	2 symbols
	1

	72
	2 layer 
	Port 11,12
	2 symbols
	1

	73
	3 layer 
	Port 1-3
	2 symbols
	1

	74
	3 layer 
	Port 4-6
	2 symbols
	1

	75
	3 layer 
	Port 7-9
	2 symbols
	1

	76
	3 layer 
	Port 10-12
	2 symbols
	1

	77
	4 layer 
	Port 1-4
	2 symbols
	1

	78
	4 layer 
	Port 5-8
	2 symbols
	1

	79
	4 layer 
	Port 9-12
	2 symbols
	1



Table 2 Indication of layers, CS, Comb, scrambling ID for front loaded DMRS with repetition in time domain
	Value
	layers
	Comb index
	CS index
	OCC
	DMRS symbol
	Scrambling ID

	0
	1 layer, 
	0
	0
	　
	1 symbol
	0

	1
	1 layer, 
	0
	2
	　
	1 symbol
	0

	2
	1 layer 
	1
	0
	　
	1 symbol
	0

	3
	1 layer
	1
	2
	　
	1 symbol
	0

	4
	2 layers
	0
	0, 2
	　
	1 symbol
	0

	5
	2 layers
	1
	0, 2
	　
	1 symbol
	0

	6
	2 layers
	0
 1
	0
2
	　
	1 symbol
	0

	7
	2 layers
	1
 0
	0
2
	　
	1 symbol
	0

	8
	3 layers 
	0
0
1
	0
2
0
	　
	1 symbol
	0

	9
	3 layers 
	1
1
0
	0
2
0
	　
	1 symbol
	0

	10
	4 layers 
	0
0
1
1
	0
2
0
2
	　
	1 symbol
	0

	11
	1 layer, 
	0
	0
	[1   1]
	2 symbols
	0

	12
	1 layer, 
	0
	1
	[1   1]
	2 symbols
	0

	13
	1 layer 
	0
	2
	[1   1]
	2 symbols
	0

	14
	1 layer
	0
	3
	[1   1]
	2 symbols
	0

	15
	1 layer
	1
	0
	[1   1]
	2 symbols
	0

	16
	1 layer 
	1
	1
	[1   1]
	2 symbols
	0

	17
	1 layer
	1
	2
	[1   1]
	2 symbols
	0

	18
	1 layer 
	1
	3
	[1   1]
	2 symbols
	0

	19
	2 layers
	0
0
	0
2
	[1   1]
	2 symbols
	0

	20
	2 layers
	0
0
	1
3
	[1   1]
	2 symbols
	0

	21
	2 layers
	1
1
	0
2
	[1   1]
	2 symbols
	0

	22
	2 layers
	1
1
	1
3
	[1   1]
	2 symbols
	0

	23
	2 layers
	0
1
	0
2
	[1   1]
	2 symbols
	0

	24
	2 layers
	0
1
	1
3
	[1   1]
	2 symbols
	0

	25
	2 layers
	1
0
	0
2
	[1   1]
	2 symbols
	0

	26
	2 layers
	1
0
	1
3
	[1   1]
	2 symbols
	0

	27
	3 layers
	0
	0,1,2
	[1   1]
	2 symbols
	0

	28
	3 layers
	1
	0,1,2
	[1   1]
	2 symbols
	0

	29
	3 layers
	0
0
1
	0
2
0
	[1   1]
	2 symbols
	0

	30
	3 layers
	0
0
1
	1
3
1
	[1   1]
	2 symbols
	0

	31
	3 layers
	1
1
0
	0
2
0
	[1   1]
	2 symbols
	0

	32
	3 layers
	1
1
0
	1
3
1
	[1   1]
	2 symbols
	0

	33
	4 layers
	0
	0,1,2,3
	[1   1]
	2 symbols
	0

	34
	4 layers
	1
	0,1,2,3
	[1   1]
	2 symbols
	0

	35
	4 layers
	0
0
1
1
	0
2
0
2
	[1   1]
	2 symbols
	0

	36
	4 layers
	0
0
1
1
	1
3
1
3
	[1   1]
	2 symbols
	0

	37
	5 layers
	0
0
0
1
1
	0
1
2
0
2
	[1   1]
	2 symbols
	0

	38
	6 layers
	0
0
0
1
1
1
	0
1
2
0
1
2
	[1   1]
	2 symbols
	0

	39
	7 layers
	0
0
0
0
1
1
1
	0
1
2
3
0
1
2
	[1   1]
	2 symbols
	0

	40
	8 layers
	0
0
0
0
1
1
1
1
	0
1
2
3
0
1
2
3
	[1   1]
	2 symbols
	0

	41
	1 layer, 
	0
	0
	　
	1 symbol
	1

	42
	1 layer, 
	0
	2
	　
	1 symbol
	1

	43
	1 layer 
	1
	0
	　
	1 symbol
	1

	44
	1 layer
	1
	2
	　
	1 symbol
	1

	45
	2 layers
	0
	0, 2
	　
	1 symbol
	1

	46
	2 layers
	1
	0, 2
	　
	1 symbol
	1

	47
	2 layers
	0
 1
	0
2
	　
	1 symbol
	1

	48
	2 layers
	1
 0
	0
2
	　
	1 symbol
	1

	49
	3 layers 
	0
0
1
	0
2
0
	　
	1 symbol
	1

	50
	3 layers 
	1
1
0
	0
2
0
	　
	1 symbol
	1

	51
	4 layers 
	0
0
1
1
	0
2
0
2
	　
	1 symbol
	1

	52
	1 layer, 
	0
	0
	[1   1]
	2 symbols
	1

	53
	1 layer, 
	0
	1
	[1   1]
	2 symbols
	1

	54
	1 layer 
	0
	2
	[1   1]
	2 symbols
	1

	55
	1 layer
	0
	3
	[1   1]
	2 symbols
	1

	56
	1 layer
	1
	0
	[1   1]
	2 symbols
	1

	57
	1 layer 
	1
	1
	[1   1]
	2 symbols
	1

	58
	1 layer
	1
	2
	[1   1]
	2 symbols
	1

	59
	1 layer 
	1
	3
	[1   1]
	2 symbols
	1

	60
	2 layers
	0
	0,2
	[1   1]
	2 symbols
	1

	61
	2 layers
	0
	1,3
	[1   1]
	2 symbols
	1

	62
	2 layers
	1
	0,2
	[1   1]
	2 symbols
	1

	63
	2 layers
	1
	1,3
	[1   1]
	2 symbols
	1

	64
	2 layers
	0
1
	0
2
	[1   1]
	2 symbols
	1

	65
	2 layers
	0
1
	1
3
	[1   1]
	2 symbols
	1

	66
	2 layers
	1
0
	0
2
	[1   1]
	2 symbols
	1

	67
	2 layers
	1
0
	1
3
	[1   1]
	2 symbols
	1

	68
	3 layers
	0
	0,1,2
	[1   1]
	2 symbols
	1

	69
	3 layers
	1
	0,1,2
	[1   1]
	2 symbols
	1

	70
	3 layers
	0
0
1
	0
2
0
	[1   1]
	2 symbols
	1

	71
	3 layers
	0
0
1
	1
3
1
	[1   1]
	2 symbols
	1

	72
	3 layers
	1
1
0
	0
2
0
	[1   1]
	2 symbols
	1

	73
	3 layers
	1
1
0
	1
3
1
	[1   1]
	2 symbols
	1

	74
	4 layers
	0
	0,1,2,3
	[1   1]
	2 symbols
	1

	75
	4 layers
	1
	0,1,2,3
	[1   1]
	2 symbols
	1

	76
	4 layers
	0
0
1
1
	0
2
0
2
	[1   1]
	2 symbols
	1

	77
	4 layers
	0
0
1
1
	1
3
1
3
	[1   1]
	2 symbols
	1



Table 3 Indication of layers, CS, Comb, scrambling ID for front loaded DMRS with TD-OCC
	Value
	layers
	Comb index
	CS index
	OCC
	DMRS symbol
	Scrambling ID

	0
	1 layer, 
	0
	0
	　
	1 symbol
	0

	1
	1 layer, 
	0
	2
	　
	1 symbol
	0

	2
	1 layer 
	1
	0
	　
	1 symbol
	0

	3
	1 layer
	1
	2
	　
	1 symbol
	0

	4
	2 layers
	0
	0, 2
	　
	1 symbol
	0

	5
	2 layers
	1
	0, 2
	　
	1 symbol
	0

	6
	2 layers
	0
 1
	0
2
	　
	1 symbol
	0

	7
	2 layers
	1
 0
	0
2
	　
	1 symbol
	0

	8
	3 layers 
	0
0
1
	0
2
0
	　
	1 symbol
	0

	9
	3 layers 
	1
1
0
	0
2
0
	　
	1 symbol
	0

	10
	4 layers 
	0
0
1
1
	0
2
0
2
	　
	1 symbol
	0

	11
	1 layer, 
	0
	0
	[1   1]
	2 symbols
	0

	12
	1 layer, 
	0
	0
	[1   -1]
	2 symbols
	0

	13
	1 layer 
	0
	2
	[1   1]
	2 symbols
	0

	14
	1 layer
	0
	2
	[1   -1]
	2 symbols
	0

	15
	1 layer
	1
	0
	[1   1]
	2 symbols
	0

	16
	1 layer 
	1
	0
	[1   -1]
	2 symbols
	0

	17
	1 layer
	1
	2
	[1   1]
	2 symbols
	0

	18
	1 layer 
	1
	2
	[1   -1]
	2 symbols
	0

	19
	2 layers
	0
	0
2
	[1   1]
[1   -1]
	2 symbols
	0

	20
	2 layers
	0
	0
2
	[1   -1]
[1   1]
	2 symbols
	0

	21
	2 layers
	1
	0
2
	[1   1]
[1   -1]
	2 symbols
	0

	22
	2 layers
	1
	0
2
	[1   -1]
[1   1]
	2 symbols
	0

	23
	2 layers
	0
1
	0
2
	[1   1]
[1   -1]
	2 symbols
	0

	24
	2 layers
	0
1
	0
2
	[1   -1]
[1   1]
	2 symbols
	0

	25
	2 layers
	1
0
	0
2
	[1   1]
[1   -1]
	2 symbols
	0

	26
	2 layers
	1
0
	0
2
	[1   -1]
[1   1]
	2 symbols
	0

	27
	3 layers
	0
	0
0
2
	[1   1]
[1   -1]
[1   -1]
	2 symbols
	0

	28
	3 layers
	1
	0
0
2
	[1   1]
[1   -1]
[1   -1]
	2 symbols
	0

	29
	3 layers
	0
0
1
	0
2
2
	[1   1]
[1   -1]
[1   -1]
	2 symbols
	0

	30
	3 layers
	1
1
0
	0
0
2
	[1   1]
[1   -1]
[1   1]
	2 symbols
	0

	31
	4 layers
	0
	0
0
2
2
	[1   1]
[1   -1]
[1   1]
[1   -1]
	2 symbols
	0

	32
	4 layers
	1
	0
0
2
2
	[1   1]
[1   -1]
[1   1]
[1   -1]
	2 symbols
	0

	33
	4 layers
	0
0
1
1
	0
2
0
2
	[1   1]
[1   -1]
[1   1]
[1   -1]
	2 symbols
	0

	34
	4 layers
	0
0
1
1
	0
2
0
2
	[1   -1]
[1   1]
[1   -1]
[1   1]
	2 symbols
	0

	35
	5 layers
	0
0
0
1
1
	0
0
2
0
2
	[1   1]
[1   -1]
[1   -1]
[1   1]
[1   -1]
	2 symbols
	0

	36
	6 layers
	0
0
0
1
1
1
	0
0
2
0
0
2
	[1   1]
[1   -1]
[1   -1]
[1   1]
[1   -1]
[1   -1]
	2 symbols
	0

	37
	7 layers
	0
0
0
0
1
1
1
	0
0
2
2
0
0
2
	[1   1]
[1   -1]
[1   1]
[1   -1]
[1   1]
[1   -1]
[1   -1]
	2 symbols
	0

	38
	8 layers
	0
0
0
0
1
1
1
1
	0
0
2
2
0
0
2
2
	[1   1]
[1   -1]
[1   1]
[1   -1]
[1   1]
[1   -1]
[1   1]
[1   -1]
	2 symbols
	0

	39
	1 layer, 
	0
	0
	　
	1 symbol
	1

	40
	1 layer, 
	0
	2
	　
	1 symbol
	1

	41
	1 layer 
	1
	0
	　
	1 symbol
	1

	42
	1 layer
	1
	2
	　
	1 symbol
	1

	43
	2 layers
	0
	0, 2
	　
	1 symbol
	1

	44
	2 layers
	1
	0, 2
	　
	1 symbol
	1

	45
	2 layers
	0
 1
	0
2
	　
	1 symbol
	1

	46
	2 layers
	1
 0
	0
2
	　
	1 symbol
	1

	47
	3 layers 
	0
0
1
	0
2
0
	　
	1 symbol
	1

	48
	3 layers 
	1
1
0
	0
2
0
	　
	1 symbol
	1

	49
	4 layers 
	0
0
1
1
	0
2
0
2
	　
	1 symbol
	1

	50
	1 layer, 
	0
	0
	[1   1]
	2 symbols
	1

	51
	1 layer, 
	0
	0
	[1   -1]
	2 symbols
	1

	52
	1 layer 
	0
	2
	[1   1]
	2 symbols
	1

	53
	1 layer
	0
	2
	[1   -1]
	2 symbols
	1

	54
	1 layer
	1
	0
	[1   1]
	2 symbols
	1

	55
	1 layer 
	1
	0
	[1   -1]
	2 symbols
	1

	56
	1 layer
	1
	2
	[1   1]
	2 symbols
	1

	57
	1 layer 
	1
	2
	[1   -1]
	2 symbols
	1

	58
	2 layers
	0
	0
2
	[1   1]
[1   -1]
	2 symbols
	1

	59
	2 layers
	0
	0
2
	[1   -1]
[1   1]
	2 symbols
	1

	60
	2 layers
	1
	0
2
	[1   1]
[1   -1]
	2 symbols
	1

	61
	2 layers
	1
	0
2
	[1   -1]
[1   1]
	2 symbols
	1

	62
	2 layers
	0
1
	0
2
	[1   1]
[1   -1]
	2 symbols
	1

	63
	2 layers
	0
1
	0
2
	[1   -1]
[1   1]
	2 symbols
	1

	64
	2 layers
	1
0
	0
2
	[1   1]
[1   -1]
	2 symbols
	1

	65
	2 layers
	1
0
	0
2
	[1   -1]
[1   1]
	2 symbols
	1

	66
	3 layers
	0
	0
0
2
	[1   1]
[1   -1]
[1   -1]
	2 symbols
	1

	67
	3 layers
	1
	0
0
2
	[1   1]
[1   -1]
[1   -1]
	2 symbols
	1

	68
	3 layers
	0
0
1
	0
2
2
	[1   1]
[1   -1]
[1   -1]
	2 symbols
	1

	69
	3 layers
	1
1
0
	0
0
2
	[1   1]
[1   -1]
[1   1]
	2 symbols
	1

	70
	4 layers
	0
	0
0
2
2
	[1   1]
[1   -1]
[1   1]
[1   -1]
	2 symbols
	1

	71
	4 layers
	1
	0
0
2
2
	[1   1]
[1   -1]
[1   1]
[1   -1]
	2 symbols
	1

	72
	4 layers
	0
0
1
1
	0
2
0
2
	[1   1]
[1   -1]
[1   1]
[1   -1]
	2 symbols
	1

	73
	4 layers
	0
0
1
1
	0
2
0
2
	[1   -1]
[1   1]
[1   -1]
[1   1]
	2 symbols
	1
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