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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Regarding DMRS orthogonal port number and codeword assignment, it was agreed in RAN1 #88bis meeting [1] that:
· Support at least the following design of DL DM-RS for data channels 
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO 
· For 3 and 4-layer transmission, NR supports 1 codeword per PDSCH/PUSCH assignment per UE
For DMRS pattern, it was agreed in RAN1 NR Ad-Hoc #2 [2] that:
· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported
· 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 ports
· 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.
Regarding QCL, it was agreed in RAN1 NR Ad-Hoc #2 [2] that
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH.
On MU dimension, it was agreed in RAN1 NR Ad-Hoc #3 [3] that
· 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.
In addition, it was agreed as working assumptions in [4] that
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
· This replaces the past working assumption linking DMRS position to bandwidth X
[bookmark: _Ref129681832]In this contribution, we provide our considerations on configurations and signaling of DMRS ports for both SU and MU. Besides that, NCJT with 1 or multiple PDCCH(s) is also considered in the design of port indication.
Indication design for NR DMRS 
It has been agreed to support maximal 12 orthogonal ports and configurable patterns for DMRS in NR. Some specific considerations on DMRS indication should be considered to adapt to multiple patterns and larger orthogonal port number comparing to LTE. In the following sections, the design of NR DMRS indication scheme will be discussed.	
Signalling of DMRS pattern
As mentioned above, at least higher layer signalling has been suggested for the 2 DMRS pattern configurations in the working assumption [2]. That is because some of the parameters that determine DMRS pattern are depended on scenario, UE mobility, long-term or semi-static channel properties such as delay spread and so on which do not dynamically change, DMRS pattern can to some extent be configured by RRC signalling. However, there are some rapidly changing parameters such as DMRS port number, port indexes and MU-pairing information still need dynamically configuring by DCI similar as LTE, such as dynamic SU and MU. Besides, there is a need of dynamically configuring DMRS pattern. For example, based on different port numbers scheduled, 1 or 2-symbol DMRS patterns can be configured in each configuration. In MU-pairing use cases, DMRS pattern/density may need to be dynamically indicated when different numbers of orthogonal DMRS port are scheduled between adjacent scheduling time slots. The hierarchical configuration of DMRS can greatly balance the dynamic signalling overhead and flexibility and support dynamic transmission schemes more efficiently. 
Proposal 1: NR should support dynamic signaling for determining 1 or 2-symbol DMRS patterns.
As for the additional DMRS, it has been agreed that several numbers of additional DMRS have been agreed for both 1-symbol and 2-symbol front-loaded patterns. Then one problem is how to decide the number of additional DMRS. Since each UE has more perfect knowledge of UE mobility, computational capability as well as reception algorithm than base station, it is better to determine an appropriate number of additional DMRS for the target UE with the help of its own feedback. In practice, the UE can estimate the channel quality and then reports the network a preferred time density. Based on the feedback of UEs’ recommendations, gNB makes the decision on exact configurations of pattern or time density.
Signalling of DMRS ports
Before discussing the detailed DCI design for DL MIMO especially for MU-MIMO, NR should first identify some factors such as maximum number of DMRS ports per UE in MU-MIMO and scrambling sequence number, since these factors may have significant impact on the signaling design for MU-MIMO. In the following we present some general design principles of signaling for DMRS.
Consider increased MU-MIMO dimension
It has been agreed in [3] that NR supports up to 4 ports per-UE in MU-MIMO. Meanwhile, companies are encouraged to further study the relation of the maximum number of per-UE MU-MIMO ports to the 1-symbol and 2-symbol DMRS and the configuration type. For the sake of scheduling flexibility for MU-MIMO, NR should not limit the dimension of UE transmission based on pattern configuration. For example, for configuration type 2, 6 ports are supported for 1-symbol pattern. With this pattern, there is also a possible scheduling case in which two UEs are paired while one with 4-layer transmission. Therefore, NR should support up to 4 orthogonal DMRS ports per UE for MU-MIMO regardless of DMRS pattern and configuration type.
Proposal 2: Support up to 4 orthogonal DMRS ports per UE for MU-MIMO except use case with 1-symbol pattern of configuration type 1.
Consider only one scrambling ID in DCI table for port indication
In LTE, there are 2 SCIDs in DCI table for antenna port indication. The two IDs can be used for constructing semi-orthogonal DMRS. It has been agreed in #88b meeting that maximal 12 orthogonal DMRS will be supported for MU-MIMO in NR. Besides, in Ad-Hoc #3 [3], up to 4 ports per-UE will be supported in MU-MIMO. Considering the increased MU dimension, signaling overhead of DCI table for antenna port indication is greatly increased, as much more entries have to be included in the DCI table. If NR still considers multiple scrambling sequences in the DCI table(s) for port indication as in LTE, very huge tables has to be designed for the port indication. Since scrambling of DMRS is independent of the antenna port selection essentially, it can be moved out of the DCI table for port indication. In other words, NR should support only one scrambling ID in DCI table for port indication.
Proposal 3: Support only one scrambling ID in DCI table for port indication.
Consider multiple DCI tables for port indication
As agreed in RAN1 #88bis, maximal 12 orthogonal ports will be supported for MU-MIMO in NR. The support of DMRS port indication for UE from such a large set of orthogonal DMRS ports require provision in DCI of very large number bits. Obviously the number of potentially schedule DMRS ports is to some extent depends on the transmission scenario. For example, very limited DMRS port number would be considered in high frequency transmission, while more than 8 DMRS ports are more likely be scheduled in dense urban scenarios. Thus not all of the supported DCI indication combinations for DMRS port would be always used in the practice, then some DCI overhead reduction schemes may be considered based on priori knowledge of maximum DMRS port number or pattern configurations. 
In the following we provide some examples of port combinations for different MU orders, e.g., 4, 6, 8 and 12. The corresponding tables are respectively provided in Appendix A. It should be noted that port combinations for different number of codeword has been reordered based on the agreements on codeword to layer mapping. Besides, maximum DMRS ports per UE for MU-MIMO is assumed to be 4. 
As can been seen, 5 bits are needed for indicating all the port combinations for maximal 12 layers transmission. As a contrast, with the same design method, only 4 bits and 3 bits are needed for all the port combinations of up to 8 layers and 4 layers.  
Besides, DMRS antenna port indication scheme may be designed differently for different pattern configurations. For example, with different lengths of code division multiplexing, different indication combinations for DMRS port should be considered to make DMRS configuration as transparent as possible to co-paired UE.  
In a word, to reduce the overhead of DCI for indicating DMRS ports, different indication combinations for DMRS port should be designed and used for different scenarios or multiplexing schemes. Summarizing discussion above we have the following proposal:  
Proposal 4: Multiple DCI tables of DMRS port indication based on DMRS pattern configurations or MU-orders should be supported.
Consider non-Transparent MU-MIMO
To increase system spectral efficiency, NR should allow for multiplexing of DMRS and other signals in the DMRS symbols. For example, instead of keeping all the possible DMRS REs muted, data can be FDM-multiplexed with DMRS if the corresponding OFDM symbols have not been fully occupied by DMRS. In this case, the PDSCH mapping of a given UE should avoid the resource elements in which DMRS is transmitted for better PDSCH demodulation performance. 
Regarding the UEs receiving transmission in LTE, DMRS is allocated and notified in a transparent manner. In other words, the indication scheme had been designed such the scheduled UE is only notified of information that pertains to its own transmission. Therefore, from an UE’s perspective, it has no idea whether the transmission it is receiving is a part of a MU-MIMO transmission or simply a SU-MIMO transmission. The transparency in DMRS indication for MU-MIMO was made possible by limiting total orthogonal port number to 4 and using CDM4 to multiplexing DMRS ports for MU-MIMO. However, maximal 12 orthogonal ports had been agreed to be supported for MU-MIMO in NR. With limited size of CDM, it is difficult to maintain the same level of transparency as in LTE. That is because the UE is no longer able to determine the correct number of DMRS REs in a PRB. Thus in NR a non-transparent DMRS indication with the configuration information of the co-scheduled DMRS is sometimes needed. Additional information, e.g., the total number of transmission layers or the assignment of DMRS ports to other co-scheduled UEs, should be indicated to a given UE. 
Proposal 5: DMRS port indication should support Non-Transparent MU-MIMO in NR
· Information of co-scheduled DMRS ports can be added into port indication tables
For signaling of rate matching around DMRS, one straightforward method is to directly indicate UE the DMRS port indices of co-scheduled UEs, which with the large DCI overhead. To reduce the signaling of head for rate matching, two schemes are discussed in our companion contribution [5]. One of the scheme is to indicate total number of MU pairing layers, where the number of layers can be quantized based on CDM length. For example, in the case of 1 symbol, OCC length is 2, so the total layer numbers only need to be 2, 4, and 6. Since the case with total layer number is 3 is the same DMRS REs with total layer number is 4, due to the introduced CDM. The detailed discussion can be found in [5]. With such scheme, the signaling overhead can be significantly reduced. 
Another scheme discussed in the companion contribution [5]  for rate matching is to indicate the used/occupied CDM groups. As an example, in the case of 1 symbol for DMRS, the CDM length is 2, there are 3 CDM group for DMRS configuration 2, each group with 2 DMRS ports. If the 3 layer MU pairing, at least first 2 CDM group will be occupied, so with indicating of the number of CDM group, UE can know which DMRS ports are used for other UEs. The detailed discussion also can be found in [5].
Actually, the two schemes are same for the overhead and similar in the signaling, where both of the can be indicated in DCI table for DMRS signaling. 
Proposal 6: For rate matching, total number of MU layers or CDM group information should be included in DMRS DCI table design.
Consider port indication for NCJT
It has been agreed in RAN1 NR Ad-Hoc#2 meeting that NR will support 1 or 2 DMRS port groups, in which DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed. Besides, NR also agrees that frequency domain CDM-ed DMRS ports are QCL-ed. 
Therefore, when designing DCI tables, port mapping schemes and DMRS port grouping should be taken into account. For example, combinations of DMRS port from different port groups should be included in the DCI tables. For DMRS port mapping, different schemes should be considered for different DMRS configurations. To increase system spectral efficiency, NR should allow mapping DMRS port with the ordering: CDM first, then FDM. It is because that if with FDM first then CDM, which mean more REs will be occupied for DMRS transmission. But if CDM first, that mean the same REs can be reused for multiple DMRS ports, multiplexed with CDM, then the non-occupied REs can be used for data transmission to enhance the spectrum efficiency. The detailed performance evaluation of DMRS and data multiplexing can be found in [6].
Proposal 7: DMRS port grouping and port mapping schemes should be taken into account when designing DMRS port indication tables
In the following we provide two different port mapping schemes respectively for the two configurations.
Table 9: Port mapping scheme for configuration 1
	Port
	Comb index
	CS index
	T-OCC

	
	
	
	One symbol
	Two symbol

	0
	0
	0
	

	


	1
	0
	2
	

	


	2
	1
	0
	

	


	3
	1
	2
	

	


	4
	0
	0
	
	


	5
	1
	0
	
	


	6
	0
	2
	
	


	7
	1
	2
	
	




Table 10: Port mapping scheme for configuration 2
	Antenna port
	Subcarrier
index
	F-OCC
	T-OCC

	
	1 
	2 
	One symbol
	Two symbol

	0
	0/1
	

	

	


	1
	0/1
	

	

	


	2
	2/3
	

	

	


	3
	2/3
	

	

	


	4
	4/5
	

	

	


	5
	4/5
	

	

	


	6
	0/1
	

	
	


	7
	2/3
	

	
	


	8
	4/5
	

	
	


	9
	0/1
	

	
	


	10
	2/3
	

	
	


	11
	4/5
	

	
	



As mentioned above, it has been agreed that frequency domain CDM-ed DMRS ports are QCL-ed. Therefore, DMRS ports from 2 groups (if exist) cannot be mapped in the same CDM group. Without loss of generality, we take DMRS configuration 2 as an example to introduce the solution for NCJT with 1 or 2 PDCCH(s). Based on the mapping scheme in table 10, 12 DMRS ports can be divided into 2 groups as {0,1,6,9} and {2,3,4,5,7,8,10,11}. To realize data transmission in NCJT, some other port combinations should be additionally considered in the DCI tables mentioned in Appendix A and B.
For single PDCCH case, to guarantee full scheduling flexibility of 12 DMRS ports, 23 other port combinations should be considered in Table 4. The renewed table can be found in Appendix C. For 2 PDCCHs case, 11 other port combinations should be considered in Table 4. The renewed table can be found in Appendix D.
Besides, for NCJT, since DMRS groups with different QCL assumptions can be configured by RRC signaling, another approach to DMRS assignment is to indicate index(s) of DMRS groups and layer numbers in DCI table. For example, based on the mapping scheme in table 10, two DMRS port groups { DMRS group 1 [0,1,6,9]; DMRS group 2 [2,3,4,5,7,8,10,11] } is configured by RRC signaling.  Then, the DMRS ports assignment can be as follows,
DCI signaling state: {3 layer: DMRS group index 1, 1 layer; DMRS group index 2, 2 layers}
i.e., DMRS Port 0 and Port 2, 3 are selected for different TRP transmission. Note that there is no necessary to list DMRS group index 1 has 2 layers while DMRS group 2 has 1 layers in the DCI table as the re-configuration of QCL for each DMRS group could achieve it for multi-TRP swapping.
While for multiple NR-PDCCH based NCJT, each DCI state could indicate only one DMRS groups and its layers by introducing two DCI signaling states:
DCI signaling state 1: {3 layer, DMRS group index 1}
DCI signaling state 1: {3 layer, DMRS group index 1}
In this way, DMRS ports indication would not be affected by the re-configuration of DMRS groups and both single and multiple NR-PDCCH based NCJT could be supported.
Others
The signalling for additional DMRS configuration can be reused in frequency hopping case. In NR, frequency hopping is expected to be used for DFT-s-OFDM in budget limited scenarios. For robustness of transmission, both one and two DMRS symbols per hop should be supported for different UE mobility. For one-symbol per hop case, the 1st DMRS of the 1st hop reuses the location of the front loaded DMRS w/o frequency hopping and the 1st DMRS of the 2nd hop locates on the 1st symbol of the 2nd hop. For two-symbol per hop case, based on the DMRS location of one-symbol per hop, the 2nd DMRS of the 1st hop locates on the last symbol of the 1st hop and the 2nd DMRS of the 2nd hop reuses the location of the last additional DMRS w/o frequency hopping which is shown in the Fig. 1. Regarding the signalling of such two cases of DMRS per hop, since the numbers of DMRS symbols per hop are mainly depended on UE mobility, the signalling for additional DMRS can be reused to configure one DMRS symbol per hop or two DMRS symbols per hop.
[image: ]
(I) One DMRS symbol per hop                  (II) Two DMRS symbols per hop
Fig. 1 Examples of DMRS symbol locations for frequency hopping
Proposal 8: For frequency hopping, one and two DMRS symbols per hop should be supported for different scenarios. Additional DMRS configuration signaling can be reused for the configuration of the number of DMRS symbols per hop. 
Conclusions
This contribution discusses some general considerations on signaling design for demodulation reference signals. In summary, the following observation and proposals are made.
Proposal 1: NR should support dynamic signaling for determining 1 or 2-symbol DMRS patterns. 
Proposal 2: Support up to 4 orthogonal DMRS ports per UE for MU-MIMO except use case with 1-symbol pattern of configuration type 1.
Proposal 3: Support only one scrambling ID in DCI table for port indication.
Proposal 4: Multiple DCI tables of DMRS port indication based on DMRS pattern configurations or MU-orders should be supported.
Proposal 5: DMRS port indication should support Non-Transparent MU-MIMO in NR
· Information of co-scheduled DMRS ports can be added into port indication tables.
Proposal 6: For rate matching, total number of MU layers or CDM group information should be included in DMRS DCI table design.
Proposal 7: DMRS port grouping and port mapping schemes should be taken into account when designing DMRS port indication tables.
Proposal 8: For frequency hopping, one and two DMRS symbols per hop should be supported for different scenarios. Additional DMRS configuration signaling can be reused for the configuration of the number of DMRS symbols per hop.
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Appendix A (Tables corresponding to different pattern configurations)
Table 1 an example of port combinations for up to 4 DMRS antenna ports
	One Codeword (<=4 layers):
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords (>4 layer):
Codeword 0 enabled,
Codeword 1 enabled

	Value
	UE Rank
	port index
	Value
	UE Rank
	port index

	0
	1
	0
	0
	reserve
	reserve

	1
	1
	1
	1
	reserve
	reserve

	2
	1
	2
	2
	reserve
	reserve

	3
	1
	3
	3
	reserve
	reserve

	4
	2
	0-1
	4
	reserve
	reserve

	5
	2
	2-3
	5
	reserve
	reserve

	6
	3
	0-2
	6
	reserve
	reserve

	7
	4
	0-3
	7
	reserve
	reserve



Table 2 an example of port combinations for up to 6 DMRS antenna ports
	One Codeword (<=4 layers):
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords (>4 layer):
Codeword 0 enabled,
Codeword 1 enabled

	Value
	UE Rank
	port index
	Value
	UE Rank
	port index

	0
	1
	0
	0
	5
	0-4 (SU)

	1
	1
	1
	1
	6
	0-5 (SU)

	2
	1
	2
	2
	reserve
	reserve

	3
	1
	3
	3
	reserve
	reserve

	4
	1
	4
	4
	reserve
	reserve

	5
	1
	5
	5
	reserve
	reserve

	6
	2
	0-1
	6
	reserve
	reserve

	7
	2
	2-3
	7
	reserve
	reserve

	8
	2
	4-5
	8
	reserve
	reserve

	9
	3
	0-2
	9
	reserve
	reserve

	10
	3
	3-5
	10
	reserve
	reserve

	11
	4
	0-3
	11
	reserve
	reserve

	12
	reserve
	reserve
	12
	reserve
	reserve

	13
	reserve
	reserve
	13
	reserve
	reserve

	14
	reserve
	reserve
	14
	reserve
	reserve

	15
	reserve
	reserve
	15
	reserve
	reserve



Table 3 an example of port combinations for up to 8 DMRS antenna ports
	One Codeword (<=4 layers):
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords (>4 layer):
Codeword 0 enabled,
Codeword 1 enabled

	Value
	UE Rank
	port index
	Value
	UE Rank
	port index

	0
	1
	0
	0
	5
	0-4 (SU)

	1
	1
	1
	1
	6
	0-5 (SU)

	2
	1
	2
	2
	7
	0-6 (SU)

	3
	1
	3
	3
	8
	0-7 (SU)

	4
	1
	4
	4
	reserve
	reserve

	5
	1
	5
	5
	reserve
	reserve

	6
	1
	6
	6
	reserve
	reserve

	7
	1
	7
	7
	reserve
	reserve

	8
	2
	0-1
	8
	reserve
	reserve

	9
	2
	2-3
	9
	reserve
	reserve

	10
	2
	4-5
	10
	reserve
	reserve

	11
	2
	6-7
	11
	reserve
	reserve

	12
	3
	0-2
	12
	reserve
	reserve

	13
	3
	3-5
	13
	reserve
	reserve

	14
	4
	0-3
	14
	reserve
	reserve

	15
	4
	4-7
	15
	reserve
	reserve



Table 4 an example of port combinations for up to 12 DMRS antenna ports
	One Codeword (<=4 layers):
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords (>4 layer):
Codeword 0 enabled,
Codeword 1 enabled

	
	

	Value
	UE Rank
	port index
	Value
	UE Rank
	port index

	0
	1
	0
	0
	5
	0-4

	1
	1
	1
	1
	6
	0-5

	2
	1
	2
	2
	7
	0-6

	3
	1
	3
	3
	8
	0-7

	4
	1
	4
	4
	reserve
	reserve

	5
	1
	5
	5
	reserve
	reserve

	6
	1
	6
	6
	reserve
	reserve

	7
	1
	7
	7
	reserve
	reserve

	8
	1
	8
	8
	reserve
	reserve

	9
	1
	9
	9
	reserve
	reserve

	10
	1
	10
	10
	reserve
	reserve

	11
	1
	11
	11
	reserve
	reserve

	12
	2
	0-1
	12
	reserve
	reserve

	13
	2
	2-3
	13
	reserve
	reserve

	14
	2
	4-5
	14
	reserve
	reserve

	15
	2
	6-7
	15
	reserve
	reserve

	16
	2
	8-9
	16
	reserve
	reserve

	17
	2
	10-11
	17
	reserve
	reserve

	18
	3
	0-2
	18
	reserve
	reserve

	19
	3
	3-5
	19
	reserve
	reserve

	20
	3
	6-8
	20
	reserve
	reserve

	21
	3
	9-11
	21
	reserve
	reserve

	22
	4
	0-3
	22
	reserve
	reserve

	23
	4
	4-7
	23
	reserve
	reserve

	24
	4
	8-11
	24
	reserve
	reserve

	25
	reserve
	reserve
	25
	reserve
	reserve

	26
	reserve
	reserve
	26
	reserve
	reserve

	27
	reserve
	reserve
	27
	reserve
	reserve

	28
	reserve
	reserve
	28
	reserve
	reserve

	29
	reserve
	reserve
	29
	reserve
	reserve

	30
	reserve
	reserve
	30
	reserve
	reserve

	31
	reserve
	reserve
	31
	reserve
	reserve




Appendix B (Tables considered total layer number)
Table 5 an example of port combinations for 1-symbol pattern in config.1 
	One Codeword (<=4 layers):
Codeword 0 enabled,
Codeword 1 disabled

	Two Codewords (>4 layer):
Codeword 0 enabled,
Codeword 1 enabled


	value
	Total layer
num
	UE Rank
	Port index
	value
	Total layer
num
	UE Rank
	Port index

	0
	2
	1
	0
	0
	reserve
	reserve
	reserve

	1
	2
	1
	1
	1
	reserve
	reserve
	reserve

	2
	2
	2
	0-1
	2
	reserve
	reserve
	reserve

	3
	4
	1
	0
	3
	reserve
	reserve
	reserve

	4
	4
	1
	1
	4
	reserve
	reserve
	reserve

	5
	4
	1
	2
	5
	reserve
	reserve
	reserve

	6
	4
	1
	3
	6
	reserve
	reserve
	reserve

	7
	4
	2
	0-1
	7
	reserve
	reserve
	reserve

	8
	4
	2
	2-3
	8
	reserve
	reserve
	reserve

	9
	4
	3
	0-2
	9
	reserve
	reserve
	reserve

	10
	4
	4
	0-3
	10
	reserve
	reserve
	reserve

	11
	reserve
	reserve
	reserve
	11
	reserve
	reserve
	reserve

	12
	reserve
	reserve
	reserve
	12
	reserve
	reserve
	reserve

	13
	reserve
	reserve
	reserve
	13
	reserve
	reserve
	reserve

	14
	reserve
	reserve
	reserve
	14
	reserve
	reserve
	reserve

	15
	reserve
	reserve
	reserve
	15
	reserve
	reserve
	reserve



Table 6 an example of port combinations for 2-symbol pattern in config.1 
	One Codeword (<=4 layers):
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords (>4 layer):
Codeword 0 enabled,
Codeword 1 enabled

	value
	Total layer
num
	UE Rank
	Port index
	value
	Total layer
num
	UE Rank
	Port index

	0
	4
	1
	0
	0
	8
	5
	0-4

	1
	4
	1
	1
	1
	8
	6
	0-5

	2
	4
	1
	2
	2
	8
	7
	0-6

	3
	4
	1
	3
	3
	8
	8
	0-7

	4
	4
	2
	0-1
	4
	reserve
	reserve
	reserve

	5
	4
	2
	2-3
	5
	reserve
	reserve
	reserve

	6
	4
	3
	0-2
	6
	reserve
	reserve
	reserve

	7
	4
	4
	0-3
	7
	reserve
	reserve
	reserve

	8
	8
	1
	0
	8
	reserve
	reserve
	reserve

	9
	8
	1
	1
	9
	reserve
	reserve
	reserve

	10
	8
	1
	2
	10
	reserve
	reserve
	reserve

	11
	8
	1
	3
	11
	reserve
	reserve
	reserve

	12
	8
	1
	4
	12
	reserve
	reserve
	reserve

	13
	8
	1
	5
	13
	reserve
	reserve
	reserve

	14
	8
	1
	6
	14
	reserve
	reserve
	reserve

	15
	8
	1
	7
	15
	reserve
	reserve
	reserve

	16
	8
	2
	0-1
	16
	reserve
	reserve
	reserve

	17
	8
	2
	2-3
	17
	reserve
	reserve
	reserve

	18
	8
	2
	4-5
	18
	reserve
	reserve
	reserve

	19
	8
	2
	6-7
	19
	reserve
	reserve
	reserve

	20
	8
	3
	0-2
	20
	reserve
	reserve
	reserve

	21
	8
	3
	3-5
	21
	reserve
	reserve
	reserve

	22
	8
	4
	0-3
	22
	reserve
	reserve
	reserve

	23
	8
	4
	4-7
	23
	reserve
	reserve
	reserve

	24
	reserve
	reserve
	reserve
	24
	reserve
	reserve
	reserve

	25
	reserve
	reserve
	reserve
	25
	reserve
	reserve
	reserve

	26
	reserve
	reserve
	reserve
	26
	reserve
	reserve
	reserve

	27
	reserve
	reserve
	reserve
	27
	reserve
	reserve
	reserve

	28
	reserve
	reserve
	reserve
	28
	reserve
	reserve
	reserve

	29
	reserve
	reserve
	reserve
	29
	reserve
	reserve
	reserve

	30
	reserve
	reserve
	reserve
	30
	reserve
	reserve
	reserve

	31
	reserve
	reserve
	reserve
	31
	reserve
	reserve
	reserve



Table 7 an example of port combinations for 1-symbol pattern in config.2 
	One Codeword (<=4 layers):
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords (>4 layer):
Codeword 0 enabled,
Codeword 1 enabled

	value
	Total layer
num
	UE Rank
	Port index
	value
	Total layer
num
	UE Rank
	Port index

	0
	2
	1
	0
	0
	6
	5
	0-4

	1
	2
	1
	1
	1
	6
	6
	0-5

	2
	2
	2
	0-1
	2
	8
	7
	0-6

	3
	4
	1
	0
	3
	8
	8
	0-7

	4
	4
	1
	1
	4
	reserve
	reserve
	reserve

	5
	4
	1
	2
	5
	reserve
	reserve
	reserve

	6
	4
	1
	3
	6
	reserve
	reserve
	reserve

	7
	4
	2
	0-1
	7
	reserve
	reserve
	reserve

	8
	4
	2
	2-3
	8
	reserve
	reserve
	reserve

	9
	4
	3
	0-2
	9
	reserve
	reserve
	reserve

	10
	4
	4
	0-3
	10
	reserve
	reserve
	reserve

	11
	6
	1
	0
	11
	reserve
	reserve
	reserve

	12
	6
	1
	1
	12
	reserve
	reserve
	reserve

	13
	6
	1
	2
	13
	reserve
	reserve
	reserve

	14
	6
	1
	3
	14
	reserve
	reserve
	reserve

	15
	6
	1
	4
	15
	reserve
	reserve
	reserve

	16
	6
	1
	5
	16
	reserve
	reserve
	reserve

	17
	6
	2
	0-1
	17
	reserve
	reserve
	reserve

	18
	6
	2
	2-3
	18
	reserve
	reserve
	reserve

	19
	6
	2
	4-5
	19
	reserve
	reserve
	reserve

	20
	6
	3
	0-2
	20
	reserve
	reserve
	reserve

	21
	6
	3
	3-5
	21
	reserve
	reserve
	reserve

	22
	6
	4
	0-3
	22
	reserve
	reserve
	reserve

	23
	reserve
	reserve
	reserve
	23
	reserve
	reserve
	reserve

	24
	reserve
	reserve
	reserve
	24
	reserve
	reserve
	reserve

	25
	reserve
	reserve
	reserve
	25
	reserve
	reserve
	reserve

	26
	reserve
	reserve
	reserve
	26
	reserve
	reserve
	reserve

	27
	reserve
	reserve
	reserve
	27
	reserve
	reserve
	reserve

	28
	reserve
	reserve
	reserve
	28
	reserve
	reserve
	reserve

	29
	reserve
	reserve
	reserve
	29
	reserve
	reserve
	reserve

	30
	reserve
	reserve
	reserve
	30
	reserve
	reserve
	reserve

	31
	reserve
	reserve
	reserve
	31
	reserve
	reserve
	reserve



Table 8 an example of port combinations for 2-symbol pattern in config.2 
	One Codeword (<=4 layers):
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords (>4 layer):
Codeword 0 enabled,
Codeword 1 enabled

	value
	Total layer
num
	UE Rank
	Port index
	value
	Total layer
num
	UE Rank
	Port index

	0
	4
	1
	0
	0
	8
	5
	0-4

	1
	4
	1
	1
	1
	8
	6
	0-5

	2
	4
	1
	2
	2
	8
	7
	0-6

	3
	4
	1
	3
	3
	8
	8
	0-7

	4
	4
	2
	0-1
	4
	reserve
	reserve
	reserve

	5
	4
	2
	2-3
	5
	reserve
	reserve
	reserve

	6
	4
	3
	0-2
	6
	reserve
	reserve
	reserve

	7
	4
	4
	0-3
	7
	reserve
	reserve
	reserve

	8
	8
	1
	0
	8
	reserve
	reserve
	reserve

	9
	8
	1
	1
	9
	reserve
	reserve
	reserve

	10
	8
	1
	2
	10
	reserve
	reserve
	reserve

	11
	8
	1
	3
	11
	reserve
	reserve
	reserve

	12
	8
	1
	4
	12
	reserve
	reserve
	reserve

	13
	8
	1
	5
	13
	reserve
	reserve
	reserve

	14
	8
	1
	6
	14
	reserve
	reserve
	reserve

	15
	8
	1
	7
	15
	reserve
	reserve
	reserve

	16
	8
	2
	0-1
	16
	reserve
	reserve
	reserve

	17
	8
	2
	2-3
	17
	reserve
	reserve
	reserve

	18
	8
	2
	4-5
	18
	reserve
	reserve
	reserve

	19
	8
	2
	6-7
	19
	reserve
	reserve
	reserve

	20
	8
	3
	0-2
	20
	reserve
	reserve
	reserve

	21
	8
	3
	3-5
	21
	reserve
	reserve
	reserve

	22
	8
	4
	0-3
	22
	reserve
	reserve
	reserve

	23
	8
	4
	4-7
	23
	reserve
	reserve
	reserve

	28
	12
	1
	0
	28
	reserve
	reserve
	reserve

	29
	12
	1
	1
	29
	reserve
	reserve
	reserve

	30
	12
	1
	2
	30
	reserve
	reserve
	reserve

	31
	12
	1
	3
	31
	reserve
	reserve
	reserve

	32
	12
	1
	4
	32
	reserve
	reserve
	reserve

	33
	12
	1
	5
	33
	reserve
	reserve
	reserve

	34
	12
	1
	6
	34
	reserve
	reserve
	reserve

	35
	12
	1
	7
	35
	reserve
	reserve
	reserve

	36
	12
	1
	8
	36
	reserve
	reserve
	reserve

	37
	12
	1
	9
	37
	reserve
	reserve
	reserve

	38
	12
	1
	10
	38
	reserve
	reserve
	reserve

	39
	12
	1
	11
	39
	reserve
	reserve
	reserve

	40
	12
	2
	0-1
	40
	reserve
	reserve
	reserve

	41
	12
	2
	2-3
	41
	reserve
	reserve
	reserve

	42
	12
	2
	4-5
	42
	reserve
	reserve
	reserve

	43
	12
	2
	6-7
	43
	reserve
	reserve
	reserve

	44
	12
	2
	8-9
	44
	reserve
	reserve
	reserve

	45
	12
	2
	10-11
	45
	reserve
	reserve
	reserve

	46
	12
	3
	0-2
	46
	reserve
	reserve
	reserve

	47
	12
	3
	3-5
	47
	reserve
	reserve
	reserve

	48
	12
	3
	6-8
	48
	reserve
	reserve
	reserve

	49
	12
	3
	9-11
	49
	reserve
	reserve
	reserve

	50
	12
	4
	0-3
	50
	reserve
	reserve
	reserve

	51
	12
	4
	4-7
	51
	reserve
	reserve
	reserve

	52
	12
	4
	8-11
	52
	reserve
	reserve
	reserve

	53
	reserve
	reserve
	reserve
	53
	reserve
	reserve
	reserve

	54
	reserve
	reserve
	reserve
	54
	reserve
	reserve
	reserve

	55
	reserve
	reserve
	reserve
	55
	reserve
	reserve
	reserve

	56
	reserve
	reserve
	reserve
	56
	reserve
	reserve
	reserve

	57
	reserve
	reserve
	reserve
	57
	reserve
	reserve
	reserve

	58
	reserve
	reserve
	reserve
	58
	reserve
	reserve
	reserve

	59
	reserve
	reserve
	reserve
	59
	reserve
	reserve
	reserve

	60
	reserve
	reserve
	reserve
	60
	reserve
	reserve
	reserve

	61
	reserve
	reserve
	reserve
	61
	reserve
	reserve
	reserve

	62
	reserve
	reserve
	reserve
	62
	reserve
	reserve
	reserve

	63
	reserve
	reserve
	reserve
	63
	reserve
	reserve
	reserve



Appendix C (Tables considered NCJT with single PDCCH)
Table 11: an example of port combinations for NCJT (single PDCCH)
	One Codeword (<=4 layers):
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords (>4 layer):
Codeword 0 enabled,
Codeword 1 enabled

	
	

	Value
	UE Rank
	port index
	Value
	UE Rank
	port index

	0
	1
	0
	0
	5
	0-4

	1
	1
	1
	1
	6
	0-5

	2
	1
	2
	2
	7
	0-6

	3
	1
	3
	3
	8
	0-7

	4
	1
	4
	4
	5
	1,2-5

	5
	1
	5
	5
	5
	7-11

	6
	1
	6
	6
	5
	5-9

	7
	1
	7
	7
	5
	0-3,6

	8
	1
	8
	8
	5
	0-2,6,9

	9
	1
	9
	9
	6
	3-8

	10
	1
	10
	10
	6
	6-11

	11
	1
	11
	11
	6
	0-4,6

	12
	2
	0-1
	12
	6
	0-3,6,9

	13
	2
	2-3
	13
	7
	2-8

	14
	2
	4-5
	14
	7
	1-7

	15
	2
	6-7
	15
	7
	0-4,6,9

	16
	2
	8-9
	16
	8
	2-8,10

	17
	2
	10-11
	17
	8
	0-5,7-8

	18
	3
	0-2
	18
	8
	0-6,9

	19
	3
	3-5
	19
	reserve
	reserve

	20
	3
	6-8
	20
	reserve
	reserve

	21
	3
	9-11
	21
	reserve
	reserve

	22
	4
	0-3
	22
	reserve
	reserve

	23
	4
	4-7
	23
	reserve
	reserve

	24
	4
	8-11
	24
	reserve
	reserve

	25
	2
	0,2
	25
	reserve
	reserve

	26
	2
	1,3
	26
	reserve
	reserve

	27
	3
	6-7,9
	27
	reserve
	reserve

	28
	3
	8,10-11
	28
	reserve
	reserve

	29
	3
	0,2-3
	29
	reserve
	reserve

	30
	3
	1,4-5
	30
	reserve
	reserve

	31
	4
	6-9
	31
	reserve
	reserve

	32
	4
	0-1,2,6
	32
	reserve
	reserve

	33
	reserve
	reserve
	33
	reserve
	reserve

	34
	reserve
	reserve
	34
	reserve
	reserve

	35
	reserve
	reserve
	35
	reserve
	reserve

	36
	reserve
	reserve
	36
	reserve
	reserve

	37
	reserve
	reserve
	37
	reserve
	reserve

	38
	reserve
	reserve
	38
	reserve
	reserve

	39
	reserve
	reserve
	39
	reserve
	reserve

	40
	reserve
	reserve
	40
	reserve
	reserve

	41
	reserve
	reserve
	41
	reserve
	reserve

	42
	reserve
	reserve
	42
	reserve
	reserve

	43
	reserve
	reserve
	43
	reserve
	reserve

	44
	reserve
	reserve
	44
	reserve
	reserve

	45
	reserve
	reserve
	45
	reserve
	reserve

	46
	reserve
	reserve
	46
	reserve
	reserve

	47
	reserve
	reserve
	47
	reserve
	reserve

	48
	reserve
	reserve
	48
	reserve
	reserve

	49
	reserve
	reserve
	49
	reserve
	reserve

	50
	reserve
	reserve
	50
	reserve
	reserve

	51
	reserve
	reserve
	51
	reserve
	reserve

	52
	reserve
	reserve
	52
	reserve
	reserve

	53
	reserve
	reserve
	53
	reserve
	reserve

	54
	reserve
	reserve
	54
	reserve
	reserve

	55
	reserve
	reserve
	55
	reserve
	reserve

	56
	reserve
	reserve
	56
	reserve
	reserve

	57
	reserve
	reserve
	57
	reserve
	reserve

	58
	reserve
	reserve
	58
	reserve
	reserve

	59
	reserve
	reserve
	59
	reserve
	reserve

	60
	reserve
	reserve
	60
	reserve
	reserve

	61
	reserve
	reserve
	61
	reserve
	reserve

	62
	reserve
	reserve
	62
	reserve
	reserve

	63
	reserve
	reserve
	63
	reserve
	reserve





Appendix D (Tables considered NCJT with multiple PDCCHs)
Table 12: an example of port combinations for NCJT (2 PDCCHs)
	One Codeword (<=4 layers):
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords (>4 layer):
Codeword 0 enabled,
Codeword 1 enabled

	
	

	Value
	UE Rank
	port index
	Value
	UE Rank
	port index

	0
	1
	0
	0
	5
	0-4

	1
	1
	1
	1
	6
	0-5

	2
	1
	2
	2
	7
	0-6

	3
	1
	3
	3
	8
	0-7

	4
	1
	4
	4
	6
	2-7

	5
	1
	5
	5
	6
	2-5,7-8

	6
	1
	6
	6
	5
	2-5,7

	7
	1
	7
	7
	7
	2-5,7-8,10

	8
	1
	8
	8
	reserve
	reserve

	9
	1
	9
	9
	reserve
	reserve

	10
	1
	10
	10
	reserve
	reserve

	11
	1
	11
	11
	reserve
	reserve

	12
	2
	0-1
	12
	reserve
	reserve

	13
	2
	2-3
	13
	reserve
	reserve

	14
	2
	4-5
	14
	reserve
	reserve

	15
	2
	6-7
	15
	reserve
	reserve

	16
	2
	8-9
	16
	reserve
	reserve

	17
	2
	10-11
	17
	reserve
	reserve

	18
	3
	0-2
	18
	reserve
	reserve

	19
	3
	3-5
	19
	reserve
	reserve

	20
	3
	6-8
	20
	reserve
	reserve

	21
	3
	9-11
	21
	reserve
	reserve

	22
	4
	0-3
	22
	reserve
	reserve

	23
	4
	4-7
	23
	reserve
	reserve

	24
	4
	8-11
	24
	reserve
	reserve

	25
	2
	7-8
	25
	reserve
	reserve

	26
	2
	6,9
	26
	reserve
	reserve

	27
	3
	7-8,10
	27
	reserve
	reserve

	28
	3
	0-1,6
	28
	reserve
	reserve

	29
	4
	2-5
	29
	reserve
	reserve

	30
	4
	7-8,10-11
	30
	reserve
	reserve

	31
	4
	0,1,6,9
	31
	reserve
	reserve
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