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1 Introduction
In 3GPP TSG RAN WG1 NR Ad-Hoc#2, RAN WG1 Meeting #90 and RAN WG1 NR Ad-Hoc#3, the following agreements were made on DM-RS support for DL [1], [2]:
	Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol: Comb 2 + 2 CS, up to 4 ports
· Two symbols: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol: 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols: 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 port
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports signalling for PDSCH rate matching in DMRS symbols
· FFS details

Agreements:
NR supports up to 4 ports per-UE in MU-MIMO
· Study further the relation of the maximum number of per-UE MU-MIMO ports to the 1-symbol and 2-symbol DMRS and the configuration type.

Agreements:
· For CP-OFDM waveform based PUSCH and DFT-S-OFDM waveform based PUSCH without frequency hopping, the possible locations of UL DMRS symbol(s) are the same for a same number of DMRS symbol(s) for PUSCH
· FFS the case of DFT-S-OFDM waveform based PUSCH with frequency hopping
Agreements:
· DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource-specific, and is a function of at least the following parameters: scrambling ID and offset 
· FFS how to define the offset parameter (e.g., via signalling, implicitly derived, etc.)
· FFS the details of resource-specific (e.g., w.r.t to the wideband of a carrier, or a BWP, etc.)
· FFS the values of scrambling ID
· FFS other parameters

Agreements:
· 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, 
· FFS the applicability of each additional DMRS location depending on slot format or last PDSCH symbol, etc. 

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

Agreements:
· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details


In this contribution we provide our views on some of the remaining details of DM-RS design such as DM-RS sequence generation, DM-RS sequence mapping to PRB blocks, DM-RS antenna port indication for the UE, DM-RS power imbalance, inter-subcarrier interference between CDM groups, and position of UL DM-RS.
2 Discussion
DM-RS assignment to PRBs
In LTE the DM-RS sequence is assigned to PRB starting from the lowest PRB index. In NR, due to support of wideband system operation, different UE may have different bandwidth assumption as illustrated in Figure 1. 
[image: ]
Figure 1 Illustration of different BW assumptions at the UE
As the result, if LTE principle is used to assign DM-RS to PRBs using UE system bandwidth, DM-RS sequence may not be aligned across different UEs. To overcome the issue, common DM-RS mapping to PRB, was agreed in RAN1#90 meeting, irrespective of the bandwidth supported by the UE
We note that similar requirement of common PRB indexing is currently considered for bandwidth indication. It is, therefore, preferable to align the principles to achieve common indication framework including signalling details. In particular, to achieve common PRB indexing, the following approach was already agreed which utilizes detected SS block index as reference point to indicate the PRB offset. 
	Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state
· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling
· FFS the configuration is by RMSI and/or UE-specific signaling
· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH
· FFS: common PRB indexing for UL


The approach of using SS block as reference point to indicate the offset is illustrated in Figure 2. It should be noted that special consideration is required for the secondary carrier operating without SS block. For this scenario, additional higher layer signalling can be considered to indicate the “virtual SS block” which can be used for the indication of the PRB offset.
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Figure 2 Illustration of common PRB indexing agreed for BWP configuration
Proposal 1:
· To align DM-RS mapping to PRBs for UEs with different BW capability, common PRB indication based on accessed SS block should be considered.
· For secondary carriers without SS block the additional signalling for the “virtual SS block” should be considered.
PN sequence generation for DM-RS
In LTE, DM-RS modulation is performed by using PN sequence generated based on the initial seed value. The initial seed value cinit for PN sequence generation depends on the VCID, slot index ns and scrambling identity nSCID parameters as follows:


For NR, similar approach for DM-RS sequence generation should be considered. In order to provide additional randomization between front-loaded DM-RS symbol and DM-RS symbol repetitions, the initial seed value cinit should also depend on the OFDM symbol index demoted as l. 
Considering the number of OFDM symbols and the number of scrambling identities supported by NR (equal to the number of physical cell identities), the number of bits required to represent the initial seed cinit is 34 bits, which can’t be accommodated by using the existing length-31 Gold sequence supported:


It is, therefore, proposed to design new PN sequence for NR based on Gold sequence of length 63.
Proposal 2:
· NR should support larger degree polynomial (e.g. 63) in Gold sequence generator 


To further randomize interference corresponding to different numerologies, the parameter  should be also considered in the initial seed. For example,  = 0, 1, 2 or 3 can be used represent configuration of subcarrier spacing (SCS) of 15 kHz, 30 kHz, 60 kHz and 120kHz.
Proposal 3:
· Initial seed for DM-RS sequence also depends on the subcarrier spacing (SCS)
Control signalling for DM-RS antenna port indication
In [4], it was observed that the maximum number of MIMO layers at TRP required for MU-MIMO operation depends on the various factors such as the maximum number of TXRUs employed at the TRP, traffic loading, coverage area of TRP, scheduling scheme, etc. It was also observed that the probability of using 12 or more DM-RS antenna ports at TRP is not very high and beneficial only for the specific scenario of MU-MIMO transmission from TRP with very large number of TXRUs and in the presence of very high traffic load. 
It should be noted that support of DM-RS antenna port indication for the UE from the larger set of orthogonal DM-RS antenna ports, e.g. 12, would require provision in DCI of very large number bits. However, in most of the cases, not all of the supported in DCI DM-RS antenna port combinations would be used in the practice. In this case support of DM-RS antenna port indication always assuming the maximum of 12 DM-RS antenna ports in MU-MIMO is not desirable and some overhead reduction scheme in the downlink control signalling should be considered for NR.
For example, the number of bits used for the DM-RS antenna port indication can be reduced by considering multiple values of the total orthogonal DM-RS antenna ports in MU-MIMO, e.g. maximum of N = 4, 6, 8 and 12, where the actual value of N can be indicated to the UE using higher layer signalling. As a special case, UE may be configured with N = 0, 1 to support DM-RS antenna port indication for SU-MIMO with minimum DCI signalling overhead. Summarizing discussion above the following proposal can be made:
Proposal 4:
· Control signalling for DM-RS antenna port indication in MU-MIMO should support multiple values for the maximum number of orthogonal DM-RS antenna indicated by a variable N e.g. N = {0, 1, 4, 6, 8, 12}, where 0 and 1 correspond to the special case of DM-RS antenna port indication supporting SU-MIMO only for DM-RS configurations 1 and 2 respectively. The value of  N in MU-MIMO can be indicated to the UE using RRC signalling
Based on the above proposal, DM-RS indication tables are designed for the agreed configurations 1and 2, for SU-MIMO operation with  and for MU-MIMO operation with. For the case of SU-MIMO, it is assumed that an UE is configured with a maximum of 8 layers. For the case of MU-MIMO operation, it has been agreed that each UE in the MU-MIMO mode can be configured with at most 4 layers [1]. Figure 2 shows the DM-RS patterns agreed for configuration types 1 and 2. PDSCH can be multiplexed with DM-RS provided the DM-RS and the PDSCH occupy different combs in the case of configuration 1 and different RE-Pairs in the case of configuration 2.
[image: ]
Figure 3: DM-RS patterns and PDSCH multiplexing with DM-RS
The following proposal outlines general antenna port mapping and UE assignment rules which facilitate efficient PDSCH multiplexing with the DM-RS such that rate matching does not need to be explicitly signaled to the UE. The proposal also reduces the number of signalling entries in the DM-RS antenna port indication tables, requiring between 4-6 bits in the DCI corresponding to different DM-RS configurations, for antenna port indication to the UEs, as shown in the Appendix.
Proposal 5:
· For SU-MIMO operation, assign ports sequentially on the first comb or RE-pair before moving to the second (and third) comb or RE-pair so that PDSCH can be multiplexed on the empty comb(s) or RE-pair(s).
· For MU-MIMO operation
· Assign UE(s) configured with highest number of layers first.
· Assign UE(s) sequentially on the same comb first before moving to other combs to facilitate PDSCH multiplexing on the empty comb(s).
· Co-scheduled ports are signaled along with antenna port indication to the UEs which enables support of MU-MIMO while ensuring implicit signaling of rate matching with PDSCH multiplexing on empty combs.
For example in the third sub-figure in Figure 3, the DM-RS occupies comb 1 while PDSCH occupies comb 2. Based on the above proposal, for MU-MIMO operation, comb 1 is always assigned first before assigning combs 2, 3. This reduces the signalling required to indicate PDSCH multiplexing and related rate-matching information i.e., if indicating a port on comb 3, there is no possibility of having PDSCH multiplexing since combs 1 and 2 are already assumed to have been assigned to other active users. This in conjunction with co-scheduled port information in the indication tables ensures no additional DCI signaling of rate-matching is required. 
For SU-MIMO operation in configuration 1 corresponding to, the port definitions allow for a maximum of 4 orthogonal ports for the case of one symbol DM-RS and a maximum of 8 orthogonal ports for the case of two symbol DM-RS. The port definition and DM-RS indication tables are given in the Appendix, Tables A.1-A.2. Note that for up to 4 layers, use of one symbol DM-RS is more efficient in terms of overhead. For the SU-MIMO operation in configuration 2 corresponding to, the port definitions and DM-RS indication tables are given in Tables A.3-A.4. Similar to the case for configuration 1, use of single symbol DM-RS is more efficient in terms of signalling overhead. 
In the case of MU-MIMO operation, to define the DM-RS indication tables, we make use of a variable, indicating other co-scheduled ports to signal to the UE, the presence/absence of other co-scheduled UEs in MU-MIMO mode[footnoteRef:1]. Using  and following the proposed port assignment rules, Tables A.5-A.6 show the DM-RS port definition and the DM-RS indication table for the case of MU-MIMO operation with one symbol DM-RS in configuration 1 with 4 orthogonal ports i.e., . Note that MU-MIMO support is only up to 4 layers and 5-8 layer operation is reserved for SU-MIMO mode which does not require the signalling of co-scheduled ports.  [1:   Note that we forego all exhaustive indications of co-scheduled UEs in some configurations to simplify the DM-RS indication tables and reduce overhead. The main rationale behind choosing co-scheduling information to be signaled is to enable efficient PDSCH multiplexing. Thus options signalling occupancy across combs are preferred over options signalling occupancy within each comb. This is reflected in the signaling choices in the antenna port indication tables provided in the Appendix. ] 

For the case of MU-MIMO operation with 2 symbol DM-RS in configuration 1 with up to 8 orthogonal ports i.e., for, the DM-RS port definition and indication tables are given in Tables A.7-A.8. For the case of MU-MIMO operation with one symbol DM-RS in configuration 2 with a maximum of 6 orthogonal ports i.e., for, the DM-RS port definitions and the DM-RS indication table are given in Tables A.9–A.10. Note that following our proposed assignment, the case of PDSCH multiplexing only on RE-Pair 2 (with DM-RS on RE-Pair 3) is not possible and is hence discarded from Table A.10. Finally, for the case of MU-MIMO operation with two symbol DM-RS in configuration 2 with a maximum of 12 orthogonal ports i.e., for, the DM-RS port definitions and the DM-RS indication table are given in Tables A.11–A.12.

DM-RS Power Imbalance:
[image: ]In the case of two-symbol DMRS, for both configuration Type 1 and Type 2, transmit power imbalance may occur across antenna ports on both OFDM symbols across allocated DM-RS resource elements when the time domain orthogonal cover codes (TD-OCC) are used to spread the DM-RS in time. For example, as shown in [5], for type 1 DM-RS, considering a single comb used to multiplex ports 0,1,2,3 and the fact that the cyclic shift is implemented using all 1’s for the first symbol and alternate +1 and -1 for the second symbol, the OCC mapping pattern is shown in Figure 4.





Figure 4: Worst case DM-RS Power Imbalance at the transmitter


In Figure 4, the combination of TD and FD-OCC for every 4 REs is the equivalent of a length 4-OCC providing orthogonality in both frequency and time. It is seen that only one OFDM symbol has high power while the other symbol has zero average power i.e., there is a power imbalance. Note that the power imbalance depicted in Figure 4 is a worst-case scenario where the same precoding weights are used across all ports. In the case of non-identical pre-coding, the power imbalance may be less severe but the proposed solutions and arguments presented in the following section are valid for such cases as well. The DM-RS power imbalance issue was partially addressed in [5] by interchanging the TD-OCC pattern i.e., by using the mapping pattern  and  alternately instead of using only repetitively as in Figure 4. This addresses the power imbalance across OFDM symbols while still preserving the orthogonality due to the cyclic shift. For Type 1 DM-RS, this requires averaging over two PRBs to equalize the average power on both symbols while for Type 2 DM-RS, the equalization can be achieved over 1 PRB. However, a power imbalance over REs is still present. To address this issue, we propose randomization of peak power over symbols as well as REs by alternately using the following four OCC mapping patterns, and. The proposed OCC mapping pattern for Type 1 and Type 2 DM-RS is shown in Figure 4 for case of one comb (Type 1) and 1 RE-pair (Type 2). 





Figure 5: Proposed OCC mapping pattern for Type 1 and Type 2 DM-RS addressing power imbalance issue 
across REs and OFDM symbols


Another artefact of the proposed peak power randomization over OFDM symbols as well as all REs is the fact that possible interference caused by the DM-RS transmission is also randomized across frequency and time. The cost of additional randomization is that we require 4 PRBs to achieve full power randomization for the case of Type 1 DM-RS as shown in Figure 5. The OCC mapping pattern can be repeated across the UE’s operating bandwidth without loss of orthogonality within each PRB. Similarly the proposed mapping pattern for the case of Type 2 DM-RS requires 2 PRBs to randomize peak power over both REs and OFDM symbols as in Figure 5.
Proposal 6:
· To address the issue of power imbalance for two-symbol DM-RS (Types 1 and 2) when using TD-OCC, the peak power should be randomized over OFDM symbols as well as resource elements such that average power is equalized over all REs and symbols when averaged over multiple PRBs.
· The OCC mapping patterns shown in Figure 5 should be adopted to address the power imbalance issue.
Inter-carrier Interference Suppression for Two-Symbol DM-RS
For two-symbol DM-RS, in the presence of frequency offset, ports in neighbouring combs (or RE-pairs) i.e., in neighbouring CDM groups, can face interference from the corresponding ports in the other group(s) which use the same TD-OCC pattern [6]. Since for higher rank transmission re-use of TD-OCC across CDM groups is inevitable, we propose the use of an overlay code which is a scrambling in frequency to provide an additional separation between CDM groups for the case when frequency offset is present. The proposed overlay coding in the frequency domain is illustrated in Figure 6 for both Type 1 and Type 2 DM-RS. 
[image: ]








Figure 6: Overlay coding to suppress Inter-carrier Interference for DM-RS


For Type 1 DM-RS, the proposed overlay coding uses two length-6 vectors, one with all 1’s and the other with alternating +1 and -1’s for each CDM group (comb). Each symbol in the CDM group is multiplied by the corresponding symbol of the overlay sequence from the matrix. For the case of Type 2 DM-RS, the overlay code uses the first three columns of a length-4 Hadamard matrix. The overlay coding works over two PRBs by multiplying each symbol of the 4 RE-pairs of a CDM group by the corresponding overlay sequence from the matrix. Based on the scheme illustrated in Figure 6, it can be seen that for the case of no co-scheduled ports in other CDM groups, there is no inter-carrier interference between CDM groups and hence no overlay coding is needed. Furthermore, for the case of single PRB assignment with Type 2 DM-RS, overlay coding cannot be used. The signalling of aspects for the use of overlay coding can be either explicit with static or dynamic RRC configuration or implicit. In the latter case, overlay coding is always used when multiple CDM groups are scheduled and signalling of co-scheduled ports by means of antenna port indication tables as in the Appendix implies the use (or lack thereof) of overlay coding.
Proposal 7:
· To address the issue of inter-carrier interference among different DM-RS CDM groups for the case of two-symbol DM-RS of Type 1 and 2, overlay coding in frequency as illustrated in Figure 6 should be used for interference suppression with possible signalling from the following two options:
· Option 1: Explicit higher layer signalling by RRC with the following sub-options – 
· Static signalling whether overlay coding is present or absent. 
· Dynamic signalling whether overlay coding is present or absent.
· Option 2: Implicit signalling using DM-RS antenna port indication table – this implies that overlay coding is always used when multiple CDM groups are used for DM-RS.
UL DM-RS symbol position
For DL, DM-RS the position of the front-loaded DM-RS can be either 3rd or 4th OFDM symbol for the slot based scheduling. The actual OFDM symbol position for DM-RS can be indicated to the UE using higher layer signalling. For UL DM-RS, to support orthogonal multiplexing of DM-RS transmitted in DL DM-RS, the same OFDM symbol positions should be considered. DM-RS position in the beginning of the slot for delay sensitive transmissions should be also considered.

Proposal 8:
· For UL DM-RS, the front loaded DM-RS positions is the same as for DL DM-RS, i.e. can be either 3rd or 4th OFDM symbol for slot based scheduling
· Consider DM-RS position in the beginning of the slot for delay sensitive UL transmissions
DM-RS sequence enhancement for DFT-s-OFDM waveform
To support MU-MIMO multiple antenna ports were agreed for UL DM-RS. One of the challenges in supporting of the orthogonal DM-RS antenna ports multiplexing for MU-MIMO is pairing of the UEs with partially overlapping resource allocations. More specifically, due to use of different ZC sequences for different resource allocation sizes, only comb and TD-OCC based multiplexing can be used for orthogonal DM-RS antenna port transmission.
To achieve more flexible pairing of the UEs with orthogonal DM-RS antenna ports without restricting MU-MIMO pairing, support of concatenation of the two or more ZC sequences for DM-RS modulation within resource allocation of the UE should be considered. The proposed concatenation can be used not only to improve MU-MIMO pairing flexibility, but also to support larger bandwidth resource allocations sizes by reusing sequence supported by LTE. 
One of the issue of supporting concatenation of ZC sequence is increased PAPR. To reduce PAPR and randomize the inter-cell interference the following approaches can be used to construct the DM-RS sequence
· [bookmark: _GoBack]DMRS cyclic shift hopping in different blocks
· DMRS sequence hopping in different blocks
· Different phase rotation in different blocks
Figure 7 shows the example of different cyclic shift assignment in frequency domain.



Figure 7: Example of cyclic shift assignment for DM-RS constructed by frequency domain concatenation of two ZC sequences
Proposal 9:
· To support more flexible MU-MIMO pairing and DM-RS sequence with large RA, the DM-RS sequence for DFT-s-OFDM waveform should be generated by one or multiple concatenated ZC sequences 
· The following options are considered for reduce PAPR increase and randomize the inter-cell interference for block concatenated ZC sequences
· DMRS cyclic shift hopping in different blocks
· DMRS sequence hopping in different blocks
· Different phase rotation in different blocks
3 Summary
In this contribution we provide our views on some of the remaining details of DM-RS design such as DM-RS sequence generation, DM-RS sequence mapping to PRB blocks, DM-RS antenna port indication for the UE, DM-RS power imbalance, inter-subcarrier interference between CDM groups, and position of UL DM-RS. The following proposals were made:
· To align DM-RS mapping to PRBs for UEs with different BW capability, common PRB indication based on accessed SS block should be considered.
· For secondary carriers without SS block the additional signalling for the “virtual SS block” should be considered.
· NR should support larger degree polynomial (e.g. 63) in Gold sequence generator 
· Initial seed for DM-RS sequence also depends on the subcarrier spacing (SCS)
· Control signalling for DM-RS antenna port indication in MU-MIMO should support multiple values for the maximum number of orthogonal DM-RS antenna indicated by a variable N e.g. N = {0, 1, 4, 6, 8, 12}, where 0 and 1 correspond to the special case of DM-RS antenna port indication supporting SU-MIMO only for DM-RS configurations 1 and 2 respectively. The value of  N in MU-MIMO can be indicated to the UE using RRC signalling
· For SU-MIMO operation, assign ports sequentially on the first comb or RE-pair before moving to the second (and third) comb or RE-pair so that PDSCH can be multiplexed on the empty comb(s) or RE-pair(s).
· For MU-MIMO operation
· Assign UE(s) configured with highest number of layers first.
· Assign UE(s) sequentially on the same comb first before moving to other combs to facilitate PDSCH multiplexing on the empty comb(s).
· Co-scheduled ports are signaled along with antenna port indication to the UEs which enables support of MU-MIMO while ensuring implicit signaling of rate matching with PDSCH multiplexing on empty combs.
· To address the issue of power imbalance for two-symbol DM-RS (Types 1 and 2) when using TD-OCC, the peak power should be randomized over OFDM symbols as well as resource elements such that average power is equal on all REs and symbols when averaged over multiple PRBs.
· The OCC mapping patterns shown in Figure 5 should be adopted to address the power imbalance issue.
· To address the issue of inter-carrier interference among different DM-RS CDM groups for the case of two-symbol DM-RS of Type 1 and 2, overlay coding in frequency as illustrated in Figure 6 should be used for interference suppression with possible signalling from the following two options:
· Option 1: Explicit higher layer signalling by RRC with the following sub-options – 
· Static signalling whether overlay coding is present or absent. 
· Dynamic signalling whether overlay coding is present or absent.
· Option 2: Implicit signalling using DM-RS antenna port indication table – this implies that overlay coding is always used when multiple CDM groups are used for DM-RS.
· For UL DM-RS, the front loaded DM-RS positions is the same as for DL DM-RS, i.e. can be either 3rd or 4th OFDM symbol for slot based scheduling
· Consider DM-RS position in the beginning of the slot for delay sensitive UL transmissions
· To support more flexible MU-MIMO pairing and DM-RS sequence with large RA, the DM-RS sequence for DFT-s-OFDM waveform should be generated by one or multiple concatenated ZC sequences 
· The following options are considered for reduce PAPR increase and randomize the inter-cell interference for block concatenated ZC sequences
· DMRS cyclic shift hopping in different blocks
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SU-MIMO DM-RS Configuration 1  
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The DM-RS port definition and indication table for SU-MIMO operation in configuration 1 is given as follows.
Table A.1 DM-RS Port Definitions for 
	C1: one symbol
	C1: two symbol

	Port
	Comb
	CS
	Port
	Comb
	CS
	TD-OCC

	0
	1
	1
	0
	1
	1
	+1 +1

	1
	2
	1
	1
	2
	1
	+1 +1

	2
	1
	2
	2
	1
	2
	+1 +1

	3
	2
	2
	3
	2
	2
	+1 +1

	
	
	
	4
	1
	1
	+1 -1

	
	
	
	5
	2
	1
	+1 -1

	
	
	
	6
	1
	2
	+1 -1

	
	
	
	7
	2
	2
	+1 -1



Table A.2 DM-RS Indication Table for 
	One CW (1-4 layers)

	Value
	Meaning

	0
	1 layer, port 0 
	C1: one symbol; Data on comb 2

	1
	2 layers, port 0, 2 
	C1: one symbol, Data on comb 2

	2
	3 layers, port 0-2 
	C1: one symbol, No data multiplexed

	3
	4 layers, port 0-3
	C1: one symbol, No data multiplexed

	Two CW (5-8 layers)

	Value
	Meaning

	4
	5 layers, port 0-4
	C1: two symbol, No data multiplexing

	5
	6 layers, port 0-5
	C1: two symbol, No data multiplexing

	6
	7 layers, port 0-6
	C1: two symbol, No data multiplexing

	7
	8 layers, port 0-7
	C1: two symbol, No data multiplexing


















SU-MIMO DM-RS Configuration 2 
The DM-RS port definitions and indication tables for SU-MIMO operation in configuration 2 are as follows.
Table A.3 DM-RS Port Definitions for 
	C2: one symbol
	C2: two symbol

	Port
	RE-Pair
	FD-OCC
	Port
	RE-Pair
	FD-OCC
	TD-OCC

	0
	1
	+1 +1
	0
	1
	+1 +1
	+1 +1

	1
	2
	+1 +1
	1
	2
	+1 +1
	+1 +1

	2
	3
	+1 +1
	2
	3
	+1 +1
	+1 +1

	3
	1
	+1 -1
	3
	1
	+1 -1
	+1 +1

	4
	2
	+1 -1
	4
	2
	+1 -1
	+1 +1

	5
	3
	+1 -1
	5
	3
	+1 -1
	+1 +1

	
	
	
	6
	1
	+1 +1
	+1 -1

	
	
	
	7
	2
	+1 +1
	+1 -1

	
	
	
	8
	3
	+1 +1
	+1 -1

	
	
	
	9
	1
	+1 -1
	+1 -1

	
	
	
	10
	2
	+1 -1
	+1 -1

	
	
	
	11
	3
	+1 -1
	+1 -1



Table A.4 DM-RS Indication Table for 
	One CW (1-4 layers)

	Value
	Meaning

	0
	1 layer, port 0 
	C2: one symbol; Data on RE-Pairs 2,3

	1
	2 layers, port 0, 3 
	C2: one symbol, Data on RE-Pairs 2,3

	2
	3 layers, port 0,1,3 
	C2: one symbol, Data on RE-Pair 3

	3
	4 layers, port 0,1,3,4
	C2: one symbol, Data on RE-Pair 3

	Two CW (5-8 layers)

	Value
	Meaning

	4
	5 layers, port 0-4
	C2: one symbol, No data multiplexing

	5
	6 layers, port 0-5
	C2: one symbol, No data multiplexing

	6
	7 layers, port 0,1,3,4,6,7,9
	C2: two symbol, Data on RE-Pair 3

	7
	8 layers, port 0,1,3,4,6,7,9,11
	C2: two symbol, Data on RE-Pair 3





MU-MIMO in DM-RS Configuration 1, One Symbol 
The DM-RS port definitions, data multiplexing and indication tables for the case of MU-MIMO operation with a maximum of 2 layers per UE is given in the following tables.

Table A.5 DM-RS Port Definition for 
	Port
	Comb
	CS

	0
	1
	1

	1
	2
	1

	2
	1
	2

	3
	2
	2



Table A.6 DM-RS Indication Table for 
	One CW (4 max Layers)

	Value
	Message

	0
	1 layer, port 0 ()[footnoteRef:2] [2:  Note that “” indicates that no other ports are co-scheduled i.e., the UE is operating in a SU-MIMO mode.] 


	1
	1 layer, port 0 ()

	2
	1 layer, port 0 (

	3
	1 layer, port 1 ()

	4
	1 layer, port 1 ()  

	5
	1 layer, port 2 ()

	6
	1 layer, port 2 ()

	8
	1 layer, port 3 () 

	9
	2 layer, port 0,2 ()

	10
	2 layer, port 0, 2 ()

	11
	2 layer, port 1, 3 ()

	12
	3 layer, port 0-2 ()

	13
	3 layer, port 0-2 ()

	13
	4 layer, port 0-3





MU-MIMO in DM-RS Configuration 1, Two Symbols 
The DM-RS port definitions, data multiplexing and indication tables for the case of MU-MIMO operation with a maximum of 2 layers per UE is given in the following tables. 
Table A.7 DM-RS Port Definition for 
	Port
	Comb
	CS
	TD-OCC

	0
	1
	1
	+1 +1

	1
	2
	1
	+1 +1

	2
	1
	2
	+1 +1

	3
	2
	2
	+1 +1

	4
	1
	1
	+1 -1

	5
	2
	1
	+1 -1

	6
	1
	2
	+1 -1

	7
	2
	2
	+1 -1



Table A.8 DM-RS Indication Table for 
	One CW (1-4 Layers)

	Value
	Message
	Value
	Message

	0
	1 layer, port 0 ()
	18
	2 layer, port 4, 6  ()

	1
	1 layer, port 0 (,4,6)
	19
	2 layer, port 4, 6  ()

	2
	1 layer, port 0 ()
	20
	2 layer, port 1, 3  ()

	3
	1 layer, port 1 ()
	21
	2 layer, port 5, 7  ()

	4
	1 layer, port 1 (, )
	22
	3 layer, port 0, 2, 4 ()

	5
	1 layer, port 2 ()
	23
	3 layer, port 0, 2, 4 ()

	6
	1 layer, port 2 ()
	24
	3 layer, port 1, 3, 5 ()

	7
	1 layer, port 2 ()
	25
	4 layer, port 0,  2, 4, 6 ()

	8
	1 layer, port 3 ()
	26
	4 layer, port 0,  2, 4, 6 ()

	9
	1 layer, port 3 ()
	27
	4 layer, port 1,  3, 5, 7 ()

	10
	1 layer, port 4 ()
	Two CW (5-8 Layers)

	11
	1 layer, port 4 ()
	Value
	Message

	12
	1 layer, port 5 ()
	28
	5 layer, port 0-4 

	13
	1 layer, port 6 ()
	29
	6 layer, port 0-5 

	14
	1 layer, port 6 ()
	30
	7 layer, port 0-6

	15
	1 layer, port 7 ()
	31
	8 layer, port 0-7

	16
	2 layer, port 0, 2 ()
	
	

	17
	2 layer, port 0, 2 ()
	
	




MU-MIMO in DM-RS Configuration 2, One Symbol 
The DM-RS port definitions, data multiplexing and indication tables for the case of MU-MIMO operation with a maximum of 2 layers per UE is given in the following tables.

Table A.9 DM-RS Port Definitions for 
	Port
	RE-Pair
	FD-OCC

	0
	1
	+1 +1

	1
	2
	+1 +1

	2
	3
	+1 +1

	3
	1
	+1 -1

	4
	2
	+1 -1

	5
	3
	+1 -1



Table A.10 DM-RS Indication Table for 
	One CW (1-4 Layers)

	Value
	Message
	Value
	Message

	0
	1 layer, port 0, ()
	16
	2 layer, port 0, 3 ()

	1
	1 layer, port 0, ()
	17
	2 layer, port 0, 3 ()

	2
	1 layer, port 0, ()
	18
	2 layer, port 1, 4 ()

	3
	1 layer, port 0 ()  
	19
	2 layer, port 1, 4 ()

	4
	1 layer, port 1 ()
	20
	2 layer, port 2, 5 ()

	5
	1 layer, port 1 ()
	21
	3 layer, port 0, 1, 3 ()

	6
	1 layer, port 1 () 
	22
	3 layer, port 0, 1, 3 ()

	7
	1 layer, port 2 ()
	23
	3 layer, port 2, 4, 5 ()

	8
	1 layer, port 2 ()
	24
	4 layers, port 0,  1, 3, 4 ()

	9
	1 layer, port 3 ()
	25
	4 layers, port 0,  1, 3, 4 ()

	10
	1 layer, port 3 (,1,4)
	

	11
	1 layer, port 3 ()  
	Two CW (5-6 Layers)

	12
	1 layer, port 4 ()
	Value
	Message

	13
	1 layer, port 4 ()
	26
	5 layers port 0, 1 (CW0) 2-4 (CW1)

	14
	1 layer, port 5 () 
	27
	   6 layers port 0-2 (CW0) 3-5 (CW1)

	15
	2 layer, port 0, 3 ()
	






MU-MIMO in DM-RS Configuration 1, Two Symbols 
The DM-RS port definitions, data multiplexing and indication tables for the case of MU-MIMO operation with a maximum of 2 layers per UE is given in the following tables.
Table A.11 DM-RS Port Definition for 
	Port
	Comb
	FD-OCC
	TD-OCC

	0
	1
	+1 +1
	+1 +1

	1
	2
	+1 +1
	+1 +1

	2
	3
	+1 +1
	+1 +1

	3
	1
	+1 -1
	+1 +1

	4
	2
	+1 -1
	+1 +1

	5
	3
	+1 -1
	+1 +1

	6
	1
	+1 +1
	+1 -1

	7
	2
	+1 +1
	+1 -1

	8
	3
	+1 +1
	+1 -1

	9
	1
	+1 -1
	+1 -1

	10
	2
	+1 -1
	+1 -1

	11
	3
	+1 -1
	+1 -1



Table A.12 DM-RS Indication Table for 
	One CW (1-4 Layers)

	Value
	Message
	Value
	Message

	0
	1 layer, port 0 ()
	33
	1 layer, port 10 ()

	1
	1 layer, port 0 ()
	34
	1 layer, port 11 ()

	2
	1 layer, port 0 ()
	35
	2 layer, port 0, 3 ()

	3
	1 layer, port 0 ()
	36
	2 layer, port 0, 3 ()

	4
	1 layer, port 0 ()
	37
	2 layer, port 0, 3 ()

	5
	1 layer, port 0 ()
	38
	2 layer, port 6,9 ()

	6
	1 layer, port 1 ()
	39
	2 layer, port 6,9 )

	7
	1 layer, port 1 ()
	40
	2 layer, port 6,9 ()

	8
	1 layer, port 1 ()
	41
	2 layer, port 1, 4 ()

	9
	1 layer, port 1 ()
	42
	2 layer, port 1, 4 ()

	10
	1 layer, port 1 ()
	43
	2 layer, port 7, 10 ()

	11
	1 layer, port 2 ()
	44
	2 layer, port 7, 10 (

	12
	1 layer, port 2 ()
	45
	2 layer, port 2, 5 (

	13
	1 layer, port 3 ()
	46
	2 layer, port 8, 11 (

	14
	1 layer, port 3 ()
	47
	3 layers, port 0,3,6 (

	15
	1 layer, port 3 ()
	48
	3 layers, port 0,3,6 (

	16
	1 layer, port 3 ()
	49
	3 layers, port 0,3,6 (

	17
	1 layer, port 3 ()
	50
	3 layers, port 1, 4, 9 (

	18
	1 layer, port 4 ()
	51
	3 layers, port 1, 4, 9 (

	19
	1 layer, port 4 ()
	52
	3 layers, port 2, 7, 10 (

	20
	1 layer, port 4 ()
	53
	3 layers, port 5, 8, 11 (

	21
	1 layer, port 5 ()
	54
	4 layers, port 0, 3, 6, 9 (

	22
	1 layer, port 5 ()
	55
	4 layers, port 0, 3, 6, 9 (

	23
	1 layer, port 6 ()
	56
	4 layers, port 0, 3, 6, 9 (

	24
	1 layer, port 6 ()
	57
	4 layers, port 1, 4, 7, 10 (

	25
	1 layer, port 6 ()
	58
	4 layers, port 1, 4, 7, 10 (

	26
	1 layer, port 7 ()
	59
	 4 layers, port 2, 5, 8, 11 (

	27
	1 layer, port 7 ()
	Two CW (5-8 Layers)

	28
	1 layer, port 8 (,9-11)
	Value
	Message

	29
	1 layer, port 9 ()
	60
	5 layers, port 0,1,3,6,9 

	30
	1 layer, port 9 ()
	61
	6 layers, port 0,1,3,4,6,9 

	31
	1 layer, port 9 ()
	62
	7 layers, port 0,1,3,4,6,7,9 

	32
	1 layer, port 10 ()
	63
	8 layers, port 0,1,3,4,6,7,9,10
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