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1. Introduction
At the RAN1 NR Ad-hoc#3 meeting, we have reached the following agreements concerning DM-RS discussion [1]:
	Agreement:
For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transsmisions
· The above applies for PDSCH and PUSCH without hopping
· FFS: The applicable subcarrier spacing for the three additional DMRS will be finalized in RAN1#91 
· Note: The above agreement is for PDSCH / PUSCH length of FFS OFDM symbols
Agreement:
Frequency-domain staggering of additional DMRS with respect to the front-load DMRS inside a DL slot is not supported in Rel-15.
Working assumption
For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection 
Agreement:
For a slot, for 2-symbol front-load DMRS, one 2-symbol additional DMRS may be configured.
· further discuss next meeting the support of the case of two 2-symbol additional DMRS.
· companies are encouraged to consider the use case of HST and high order MU-MIMO with more than 6 orthogonal DM-RS ports, with realistic CSI feedback, etc.
DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource specific w.r.t to a wideband CC from network perspective.
Agreement:
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. 
Agreement:
· For slot-based scheduling, for PDSCH, when three additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd symbol, the three additional DMRS symbol can be at least configured in the 6th, 9th and 12th symbols.
· Note: See the agreed positions in the figure below.
· The yellow region in the figure below does not contain PDSCH.
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Agreement:
· For slot-based scheduling, for PDSCH, when two additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd or 4th symbol, the two 1-symbol additional DMRS symbols can be configured in the {8th, 12th} and {7th, 10th} symbol.
· Note: See agreed positions in the figure below.
· The yellow region in the figure below does not contain PDSCH
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· When the last two symbol of the slot do not contain PDSCH:
· The two additional DMRS can be configured in the {7th,10th} symbol
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Agreement:
· For slot-based scheduling, for PDSCH, when one 2-symbol additional DMRS symbol is configured for the 2-symbol front-load DMRS with the first symbol of front-load DMRS on the 3rd or 4th symbol, the one additional 2-symbol DMRS can be at least configured in the {9th-10th} or {11th-12th} OFDM symbols in a slot
· Example of applicability of the patterns for first symbol of front-load DMRS on the 3rd symbol. 
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In this contribution, we provide our evaluation results and views on the remaining details on the DM-RS design. The discussion in this document is based on the evaluation results in our companion documents [2] [3] [4].

2. Views on remaining details for DM-RS design
2.1. Port scheduling related issue
In LTE, 3 or 4 bits are used to indicate the DM-RS ports containing scrambling ID for up to 8 layers transmission. In NR, if all of the possible DM-RS port combinations are supported, the number of DCI bits becomes larger. Thus, prioritization on DM-RS ports scheduling is necessary and there are some factors to be considered such as how to configure TD-OCC (semi-statically or dynamically), and port multiplexing, etc. Here, we show our views on such factors. 
As for time domain port multiplexing for two-symbol front-loaded DM-RS case, there are two options, TD-OCC ({1, 1} and {1, -1}) and repetition (TD-OCC using only {1, 1}). And applicability of TD-OCC depends on the influence of the phase noise, which highly impacts on channel estimation accuracy, while repetition can be applied irrespective of the impact of phase noise. And the degree of phase noise impact depends on carrier frequency, which is semi-statically configured. Thus, whether TD-OCC is applied or not can be semi-statically configured, e.g., based on the carrier frequency. Note that if TD-OCC is not configured and two-symbol front-loaded DM-RS is applied, repetition is applied with the maximum number of ports is restricted to 4 for front-loaded DM-RS configuration type1 and 6 for front-loaded DM-RS configuration type 2, respectively. 
For the number of front-loaded DM-RS symbols, one and two symbol front-loaded DM-RS are supported. If front-loaded DM-RS configuration type 1 is configured and the number of front-loaded DM-RS symbols is semi-statically configured, the total number of transmission ranks is restricted to be 4 in one symbol DM-RS case, and larger overhead is occurred in two symbol DM-RS with low rank SU-MIMO transmission case. In order to avoid this, the number of front-loaded DM-RS symbols should be dynamically configured. On the other hand, when front-loaded DM-RS configuration type 1 is configured and transmission rank per UE is equal or less than 4, one symbol DM-RS is preferable for overhead reduction in SU-MIMO transmission. However, if MU-MIMO is applied in this case, total number of transmission rank may be more than 4 and two symbol DM-RS is necessary. Thus, both one symbol and two symbol DM-RS should be supported in low rank transmission (1 to 4 layer transmissions per UE for DM-RS configuration type 1, and 1 to 6 layer transmissions per UE for DM-RS configuration type 2, respectively). On the other hand, if the total number of transmission rank is restricted to up to 4 or 6 for DM-RS configuration type 1 and 2 due to some implementation issue, e.g., the number of antennas, one-symbol front-loaded DM-RS is enough and it has a benefit to configure the maximum number of front-loaded DM-RS symbols semi-statically for DCI overhead reduction.  
As for FDM between data and DM-RS, when supporting FDM between data and DM-RS, the performance gain can be achieved in high SNR region due to the overhead reduction (coding rate of data becomes lower). When additional DM-RS is configured, more performance gain will be achieved. On the other hand, when FDM is not supported, the performance gain can be achieved in low SNR region due to the DM-RS power boosting. Based on the discussion, since both FDM and non-FDM between data and DM-RS have advantage in SU-MIMO, we proposed to configure both schemes dynamically for scheduling flexibility. In addition, when assuming MU-MIMO, non-FDM indication between data and DM-RS is beneficial for rate matching. For example, when non-FDM between data and DM-RS is configured in MU-MIMO transmission, each UE can’t know MU-MIMO is applied or not, but each UE can assume non DM-RS resources may be allocated to the other UE. Therefore, UE can know occupied resource of own UE clearly. Thus, partial non-transparent MU-MIMO can be achieved. 
As for DM-RS port multiplexing, there are three schemes, FDM, FD-OCC (CS), and TD-OCC ({1, 1} and {1, -1}) (when configured). Based on our evaluation results [2], for two layers multiplexing, FDM has a little performance gain compared with FD-OCC (CS) in SU-MIMO. However, when MU-MIMO is applied and DM-RS ports within the UE are FDM-ed, DM-RS ports among UEs are multiplexed by FD-OCC (CS) or TD-OCC, and performance degradation may be occurred due to the loss of the orthogonality between DM-RS ports among UE. Therefore, at least the support of FD-OCC (CS) within the UE is necessary for two layer multiplexing. On the other hand, when assuming multiple TRP transmission, since DM-RS port from different TRP should be FDM-ed. Therefore, DCI signalling bit reduction may be achieved by preparing different DCI table between single TRP transmission case and multiplex TRP transmission case. 
Base on above discussions, we made the following proposal. And we provide the DM-RS antenna port mapping configuration table as shown in Appendix A. 
Proposal 1:
· Whether TD-OCC ({1, 1} and {1, -1}) is enabled or not is higher layer configured.
· The maximum number of front-loaded DM-RS symbols is higher layer configured, and actual number is dynamically indicated.
· Whether FDM between data and DM-RS is applied or not are dynamically indicated. 
· For single TRP transmission, at least supports FD-OCC (CS) for two DM-RS ports multiplexing within the UE. 

2.2. Necessity of two 2-symbol additional DM-RS
In the previous meeting, the following agreement was made [1]. 
Agreement:
For a slot, for 2-symbol front-load DMRS, one 2-symbol additional DMRS may be configured.
· further discuss next meeting the support of the case of two 2-symbol additional DMRS.
· companies are encouraged to consider the use case of HST and high order MU-MIMO with more than 6 orthogonal DM-RS ports, with realistic CSI feedback, etc.

As for 2-symbol front-loaded DM-RS, following use cases can be considered, SU/MU-MIMO without TD-OCC, SU/MU-MIMO with TD-OCC. In case of SU/MU-MIMO without TD-OCC, 2-symbol front-loaded DM-RS is beneficial for the channel estimation accuracy improvement. On the other hand, when Doppler frequency becomes larger, additional DM-RS is necessary and no need to configure 2-symbol front-loaded DM-RS because the effect of Doppler offset compensation is dominant for channel estimation accuracy. In case of SU/MU-MIMO with TD-OCC, 2-symbol front-loaded DM-RS is utilized in order to support higher order transmission rank (more than 4 or 6 DM-RS ports for front-loaded DM-RS configuration type 1 and 2, respectively). However, when Doppler frequency becomes larger, no need to support such higher order transmission rank and 1-symbol front-loaded DM-RS is enough. Therefore, it is not clear to support two 2-symbol additional DM-RS. Based on these discussions, we made the following proposal. 
Proposal 2:
· The necessity and use case of two 2-symbol additional DM-RS should be studied carefully. 

2.3. DM-RS for broadcast/multicast PDSCH and unicast PDSCH before RRC connection
In the previous meeting, the following working assumption was made [1]. 
Working assumption
For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection 

For DM-RS for broadcast/multicast PDSCH (other than PBCH), since there are large number of UEs in one cell under the different conditions such as different SNR, different Doppler spread, robust performance is required. As for modulation scheme for broadcast/multicast PDSCH, since only QPSK is supported in LTE, it may be enough to support only QPSK transmission with single port in NR broadcast/multicast PDSCH. According to our evaluation results [3], when applying comb-2 which is the same as front-loaded DM-RS configuration type 1 with 1 symbol, more robust performance can be achieved compared with the configuration type 2 in single port transmission. As for the location of additional DM-RS, based on our evaluation result [4], in order to achieve the robust performance in QPSK with single port transmission, three one-symbol additional DM-RS is necessary and considering commonality between DM-RS for broadcast/multicast PDSCH and unicast PDSCH, additional DM-RS in the 6th, 9th, and 12th symbol is preferable. In addition, as for DM-RS for unicast PDSCH before RRC connection, since the performance requirement is the same between DM-RS for broadcast/multicast PDSCH and unicast PDSCH before RRC connection, the same pattern of DM-RS and the same number and location of additional DM-RS as DM-RS for broadcast/multicast PDSCH is preferable. Thus, we made the following proposal. 
Proposal 3:
· Confirm the following working assumption
· For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection
· For DM-RS of broadcast/multicast PDSCH (Other than PBCH), support three additional DM-RS located on 6th, 9th, and 12th symbol.  
· For DM-RS of unicast PDSCH before RRC connection, support the same pattern of DM-RS and the same number and location of additional DM-RS as DM-RS for broadcast/multicast PDSCH (other than PBCH). 

2.4. Whether the front-load DM-RS configuration type for a UE for UL and DL can be different or not
In the previous meeting, the following agreement was made [5]. 
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 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.
· 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

As for whether the front-loaded DM-RS configuration type for a UE for UL and DL can be different or not, in case of dynamic TDD transmission, in order to avoid the DM-RS collision between DL and UL, the same front-loaded DM-RS configuration type should be supported. It helps to avoid the cross link interference in DM-RS REs, e.g., apply DL DM-RS and UL DM-RS to different comb respectively in case of front-loaded DM-RS configuration type 1. As for the other cases, it doesn’t have a benefit to support the same configuration between DL and UL. On the other hand, the support of different configuration has a merit to optimize the DM-RS pattern according to the scheduling policy, channel condition, and antenna configuration, etc. For example, if the actual number of transmission layers of UL is quite less than that of DL, e.g., one layer SU-MIMO in UL and 12 layer MU-MIMO in DL, performance gain may be achieved by applying configuration type 1 for UL and type 2 for DL, respectively. Thus, we made the following proposal. 
Proposal 4:
· Support different front-loaded DM-RS configuration type for a UE between UL and DL

2.5. Sequence design for DFT-S-OFDM
As for DM-RS sequence design of DFT-S-OFDM, LTE based ZC sequence and 1/2pi BPSK based sequence is proposed. 1/2pi BPSK based sequence has a benefit to reduce PAPR of DM-RS symbol compared with LTE based ZC sequence, and it is proposed to apply 1/2pi BPSK based sequence when modulation of PUSCH is 1/2pi BPSK. However, if 1/2pi BPSK PUSCH UE and non 1/2pi BPSK PUSCH UE is multiplexed at the same time (MU-MIMO within cell, or different cell), inter user interference may be increased compared with LTE based ZC sequence. Therefore, we have a slight preference to reuse LTE DM-RS sequence design unless a significantly better design is proposed. 
Proposal 5:
· LTE DM-RS sequence for DFT-S-OFDM can be reused. 

2.6. The location of UL DM-RS
In the previous meeting, the following agreement was made [1]. 
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

Considering dynamic TDD transmission, in order to avoid the DM-RS collision between DL and UL, the same location and configuration type of front-loaded DM-RS helps to avoid the cross link interference in DM-RS REs, e.g., assign DL DM-RS and UL DM-RS to different comb respectively in case of front-loaded DM-RS configuration type 1. Thus, we propose to support the same location as DL front-loaded DM-RS for UL front-loaded DM-RS. However, in case of self-contained slot, the same location between DL and UL DM-RS may be difficult because PDCCH and PDSCH symbols are inserted in front of PUSCH symbols. In this case, in order to support fast processing for low latency, DM-RS on the first symbol of PUSCH is beneficial. On the other hand, as for UL DFT-S-OFDM based PUSCH with frequency hopping, one slot (14 symbols) is divided to two sub-slot (7 symbols per sub-slot) and scheduled to the different PRB. Thus, each sub-slot needs DM-RS. In this case, as for DM-RS for 1st hop, same UL DM-RS location as is the case in without frequency hopping is preferable. As for DM-RS for 2nd hop, DM-RS on the first symbol of PUSCH within the hop is also beneficial for fast processing. Thus, we made the following proposal. 
Proposal 6:
· For the location of front-loaded DM-RS for PUSCH, support both the following; 
· The first symbol of PUSCH for a slot with both DL and UL symbols
· The same location as DL front-loaded DM-RS for UL only slot
· For DMRS for DFT-S-OFDM PUSCH with a hop, front-loaded DMRS for 2nd hop is located on the first symbol of PUSCH within the hop.

3. Summary
In this contribution, we have presented our views and evaluation results on remaining details on DM-RS, and then made the following proposals. 
Proposal 1:
· Whether TD-OCC ({1, 1} and {1, -1}) is enabled or not is higher layer configured.
· The maximum number of front-loaded DM-RS symbols is higher layer configured, and actual number is dynamically indicated.
· Whether FDM between data and DM-RS is applied or not are dynamically indicated. 
· For single TRP transmission, at least supports FD-OCC (CS) for two DM-RS ports multiplexing within the UE. 
Proposal 2:
· The necessity and use case of two 2-symbol additional DM-RS should be studied carefully. 
Proposal 3:
· Confirm the following working assumption
· For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection
· For DM-RS of broadcast/multicast PDSCH (Other than PBCH), support three additional DM-RS located on 6th, 9th, and 12th symbol.  
· For DM-RS of unicast PDSCH before RRC connection, support the same pattern of DM-RS and the same number and location of additional DM-RS as DM-RS for broadcast/multicast PDSCH (other than PBCH). 
Proposal 4:
· Support different front-loaded DM-RS configuration type for a UE between UL and DL
Proposal 5:
· LTE DM-RS sequence for DFT-S-OFDM can be reused. 
Proposal 6:
· For the location of front-loaded DM-RS for PUSCH, support both the following; 
· The first symbol of PUSCH for a slot with both DL and UL symbols
· The same location as DL front-loaded DM-RS for UL only slot
· For DMRS for DFT-S-OFDM PUSCH with a hop, front-loaded DMRS for 2nd hop is located on the first symbol of PUSCH within the hop.
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Appendix A: DM-RS antenna port mapping configuration table
Table 1  DM-RS antenna port mapping for DM-RS configuration type 1 (The maximum number of front-loaded DM-RS is one, the number of CW is one)
	Index
	Num. of 
ports
	Port index
	Num. of 
symbols
	Scrambling ID
	FDM between 
data and DMRS

	0
	1
	0
	1
	0
	enable

	1
	1
	0
	1
	0
	disable

	2
	1
	1
	1
	0
	disable

	3
	1
	2
	1
	0
	disable

	4
	1
	3
	1
	0
	disable

	5
	2
	0,1
	1
	0
	enable

	6
	2
	0,1
	1
	0
	disable

	7
	2
	2,3
	1
	0
	disable

	8
	3
	0-2
	1
	0
	-

	9
	4
	0-3
	1
	0
	-

	10
	1
	0
	1
	1
	disable

	11
	1
	1
	1
	1
	disable

	12
	1
	2
	1
	1
	disable

	13
	1
	3
	1
	1
	disable

	14
	2
	0,1
	1
	1
	disable

	15
	2
	2,3
	1
	1
	disable



Table 2a  DM-RS antenna port mapping for DM-RS configuration type 1 (The maximum number of front-loaded DM-RS is two, the number of CW is one)
	Index
	Num. of 
ports
	Port index
	Num. of 
symbols
	Scrambling ID
	FDM between 
data and DMRS

	0
	1
	0
	1
	0
	enable

	1
	1
	0
	1
	0
	disable

	2
	1
	1
	1
	0
	disable

	3
	1
	2
	1
	0
	disable

	4
	1
	3
	1
	0
	disable

	5
	2
	0,1
	1
	0
	enable

	6
	2
	0,1
	1
	0
	disable

	7
	2
	2,3
	1
	0
	disable

	8
	3
	0-2
	1
	0
	-

	9
	4
	0-3
	1
	0
	-

	10
	1
	0
	1
	1
	disable

	11
	1
	1
	1
	1
	disable

	12
	1
	2
	1
	1
	disable

	13
	1
	3
	1
	1
	disable

	14
	2
	0,1
	1
	1
	disable

	15
	2
	2,3
	1
	1
	disable

	16
	1
	0
	2
	0
	disable

	17
	1
	1
	2
	0
	disable

	18
	1
	2
	2
	0
	disable

	19
	1
	3
	2
	0
	disable

	20
	1
	4
	2
	0
	disable

	21
	1
	5
	2
	0
	disable

	22
	1
	6
	2
	0
	disable

	23
	1
	7
	2
	0
	disable

	24
	2
	0,1
	2
	0
	disable

	25
	2
	2,3
	2
	0
	disable

	26
	2
	4,5
	2
	0
	disable

	27
	2
	6,7
	2
	0
	disable

	28
	3
	0,1,4 (TD-OCC enable)
0-2 (TD-OCC disable)
	2
	0
	disable

	29
	3
	2,3,6 (TD-OCC enable)
reserved (TD-OCC disable)
	2
	0
	disable

	30
	4
	0,1,4,5 (TD-OCC enable)
0-3 (TD-OCC disable)
	2
	0
	disable

	31
	4
	2,3,6,7 (TD-OCC enable)
reserved (TD-OCC disable)
	2
	0
	disable


Note: If TD-OCC is not configured, port index 4-7 cannot be scheduled. 

Table 2b  DM-RS antenna port mapping for DM-RS configuration type 1 (The maximum number of front-loaded DM-RS is two, the number of CW is two)
	 Index
	Num. of 
ports
	Port index
	Num. of 
symbols
	Scrambling ID
	FDM between 
data and DMRS

	0
	5
	0-4
	2
	0
	-

	1
	6
	0-5
	2
	0
	-

	2
	7
	0-6
	2
	0
	-

	3
	8
	0-7
	2
	0
	-

	4-31
	reserved



Table 3a  DM-RS antenna port mapping for DM-RS configuration type 2 (The maximum number of front-loaded DM-RS is one, the number of CW is one)
	Index
	Num. of 
ports
	Port index
	Num. of 
symbols
	Scrambling ID
	FDM between 
data and DMRS

	0
	1
	0
	1
	0
	enable

	1
	1
	0
	1
	0
	disable

	2
	1
	1
	1
	0
	disable

	3
	1
	2
	1
	0
	disable

	4
	1
	3
	1
	0
	disable

	5
	1
	4
	1
	0
	disable

	6
	1
	5
	1
	0
	disable

	7
	2
	0,1
	1
	0
	enable

	8
	2
	0,1
	1
	0
	disable

	9
	2
	2,3
	1
	0
	disable

	10
	2
	4,5
	1
	0
	disable

	11
	3
	0-2
	1
	0
	disable

	12
	4
	0-3
	1
	0
	disable

	13
	1
	0
	1
	1
	disable

	14
	1
	1
	1
	1
	disable

	15
	1
	2
	1
	1
	disable

	16
	1
	3
	1
	1
	disable

	17
	1
	4
	1
	1
	disable

	18
	1
	5
	1
	1
	disable

	19
	2
	0,1
	1
	1
	disable

	20
	2
	2,3
	1
	1
	disable

	21
	2
	4,5
	1
	1
	disable

	22-31
	reserved



Table 3b  DM-RS antenna port mapping for DM-RS configuration type 2 (The maximum number of front-loaded DM-RS is one, the number of CW is two (the maximum number of ports is restricted to six))
	Index
	Num. of 
ports
	Port index
	Num. of 
symbols
	Scrambling ID
	FDM between 
data and DMRS

	0 
	5 
	0-4
	1 
	0 
	-

	1
	6 
	0-5
	1 
	0 
	-

	2-31
	reserved



Table 4a  DM-RS antenna port mapping for DM-RS configuration type 2 (The maximum number of front-loaded DM-RS is two, the number of CW is one)
	Index
	Num. of 
ports
	Port index
	Num. of 
symbols
	Scrambling ID
	FDM between 
data and DMRS

	0
	1
	0
	1
	0
	enable

	1
	1
	0
	1
	0
	disable

	2
	1
	1
	1
	0
	disable

	3
	1
	2
	1
	0
	disable

	4
	1
	3
	1
	0
	disable

	5
	1
	4
	1
	0
	disable

	6
	1
	5
	1
	0
	disable

	7
	2
	0,1
	1
	0
	enable

	8
	2
	0,1
	1
	0
	disable

	9
	2
	2,3
	1
	0
	disable

	10
	2
	4,5
	1
	0
	disable

	11
	3
	0-2
	1
	0
	disable

	12
	4
	0-3
	1
	0
	disable

	13
	1
	0
	1
	1
	disable

	14
	1
	1
	1
	1
	disable

	15
	1
	2
	1
	1
	disable

	16
	1
	3
	1
	1
	disable

	17
	1
	4
	1
	1
	disable

	18
	1
	5
	1
	1
	disable

	19
	2
	0,1
	1
	1
	disable

	20
	2
	2,3
	1
	1
	disable

	21
	2
	4,5
	1
	1
	disable

	22
	1
	0
	2
	0
	disable

	23
	1
	1
	2
	0
	disable

	24
	1
	2
	2
	0
	disable

	25
	1
	3
	2
	0
	disable

	26
	1
	4
	2
	0
	disable

	27
	1
	5
	2
	0
	disable

	28
	1
	6
	2
	0
	disable

	29
	1
	7
	2
	0
	disable

	30
	1
	8
	2
	0
	disable

	31
	1
	9
	2
	0
	disable

	32
	1
	10
	2
	0
	disable

	33
	1
	11
	2
	0
	disable

	34
	2
	0,1
	2
	0
	disable

	35
	2
	2,3
	2
	0
	disable

	36
	2
	4,5
	2
	0
	disable

	37
	2
	6,7
	2
	0
	disable

	38
	2
	8,9
	2
	0
	disable

	39
	2
	10,11
	2
	0
	disable

	40
	3
	0,1,6 (TD-OCC enable)
0-2 (TD-OCC disable)
	2
	0
	disable

	41
	3
	2,3,8 (TD-OCC enable)
reserved (TD-OCC disable)
	2
	0
	disable

	42
	3
	4,5, 10 (TD-OCC enable)
reserved (TD-OCC disable)
	2
	0
	disable

	43
	4
	0,1,6,7 (TD-OCC enable)
0-3 (TD-OCC disable)
	2
	0
	disable

	44
	4
	2,3,8,9 (TD-OCC enable)
reserved (TD-OCC disable)
	2
	0
	disable

	45
	4
	4,5,10,11 (TD-OCC enable)
reserved (TD-OCC disable)
	2
	0
	disable

	46-63
	reserved


Note: If TD-OCC is not configured, port index 6-11 cannot be scheduled. 


Table 4b  DM-RS antenna port mapping for DM-RS configuration type 2 (The maximum number of front-loaded DM-RS is two, the number of CW is two)
	Index
	Num. of 
ports
	Port index
	Num. of 
symbols
	Scrambling ID
	FDM between 
data and DMRS

	0 
	5 
	0-4
	1 
	0 
	-

	1 
	5 
	0,1,2,3,6 (TD-OCC enable)
0-4 (TD-OCC disable)
	2 
	0 
	-

	2 
	6 
	0-5
	1 
	0 
	-

	3 
	6 
	0,1,2,3,6,7 (TD-OCC enable)
0-5 (TD-OCC disable)
	2 
	0 
	-

	4 
	7 
	0-3, 6-8 (TD-OCC enable)
reserved (TD-OCC disable)
	2 
	0 
	-

	5 
	8 
	0-3, 6-9 (TD-OCC enable)
reserved (TD-OCC disable)
	2 
	0 
	-　

	6-63
	reserved
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