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Introduction
In RAN 94e meeting, the work item of further enhancements on MIMO for NR was proposed as follows[1]:
1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.
In Rel18, larger number of orthogonal DMRS ports needs to be specified to support high order MU-MIMO transmission because more UE can be co-scheduled in CJT. In addition, DMRS should be enhanced to support 8 Tx UL operation, in which 4 or more layers can be assigned to a UE. In this contribution, we will discuss some possible DMRS enhancements in Rel18. 

Discussion on DMRS enhancement to support lager number of DMRS ports
Possible DMRS mapping type
In Rel15/16, the supported DMRS types are type1 and type2 as shown in Figure1[2], in which the additional DMRS is not considered. 


Figure1. Structure of DMRS type1 and type2 in Rel15
The sequence is mapped to physical resources according to


For convenience, the formula used to mapping the sequence to resource elements (REs) is named as mapping equation.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In Rel18, coherent joint transmission (CJT) will be specified because a lot of networks are feasible for it[3]. Then, more UE can be co-scheduled to increase system throughput with high order MU-pairing, in which larger number of orthogonal DMRS ports are necessary. Accordingly, as described in the objective 3, the maximum number of orthogonal ports will be doubled for both single- and double-symbol DMRS for each DMRS type without increasing the DMRS overhead in Rel18. There are two possible methods to increase the maximum number of orthogonal DMRS ports. Firstly, more DMRS ports can be supported via FDM, in which less REs can be assigned to a DMRS port. Secondly, higher order Orthogonal Cover Code (OCC) in frequency domain can be introduced. 
· FDM
As shown in DMRS pattern-1 and DMRS pattern-2/pattern-3 in Appendix A, the maximum number of orthogonal DMRS ports is doubled via FDM. Compared with Rel15/16 DMRS type1, the supported number of DMRS ports is 8 for single symbol and 16 for double symbol in the case of DMRS pattern-1. Similarly, the supported number of DMRS ports is 12 for single symbol and 24 for double symbol in the case of DMRS pattern-2/3.
Proposal 1: The maximum number of DMRS ports can be doubled via FDM.
It should be noted that the number of REs for one DMRS port is 3 in one symbol in pattern-1, in which the orthogonality between different CDMed REs will be destroyed if length-2 Orthogonal Cover Code is performed in frequency domain, namely 2FD-OCC. 
Observation1: The orthogonality between different CDMed REs cannot be guaranteed when the number of REs in one symbol for one DMRS port decreases from 6 to 3.
To ensure the orthogonality, length-3 Orthogonal Cover Code (3FD-OCC) in frequency domain is introduced in DMRS pattern-1 in Appendix A where the OCC is one column vector of formula (1) where any two column vectors are orthogonal and any other length-3 Orthogonal Cover Code will do. To double the number of supported DMRS ports, only two of them can be chose to perform the OCC in the frequency domain. More details can be found in parameters for PDSCH/PUSCH DM-RS in DMRS pattern-1.

		⑴
Proposal 2: Length-3 Orthogonal Cover Code in frequency domain (3FD-OCC) can be introduced to ensure the orthogonality when the number of REs in one symbol for each DMRS port reduces to 3.

· Higher order Orthogonal Cover Code in frequency domain (HOFD-OCC)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Obviously, the channel estimation performance of above methods will decrease owing to the less frequency resource for each DMRS port, expecially in the case of larger delay spread. Therefore, length-6 Orthogonal Cover Code (OCC) and length-4 OCC can be performed in frequency domain, namely 6FD-OCC and 4FD-OCC, to double the maxmum number of DMRS ports without reducing the resource for each DMRS port as shown in DMRS pattern-4 and DMRS pattern-5 in Appendix A. For 6FD-OCC in DMRS pattern-4, the Orthogonal Cover Code is selected from formula (2), in which any two column vectors are orthogonal, and any other length-6 Orthogonal Cover Code works as well. To double the supported number of DMRS ports, only four column vectors are needed. 

		⑵
And for 4FD-OCC in DMRS pattern-5, 4-order Walsh sequence, as shown in formula (3), is used as the Orthogonal Cover Code. See DMRS pattern-5 and DMRS pattern-6 in Appendix A for more detials about 6FD-OCC and 4FD-OCC.

		⑶
Proposal 3: 6FD-OCC and 4FD-OCC can be introduced to to double the maxmum number of DMRS ports without reducing the resource assigned to each DMRS port.
Because the orthogonality  may get worse if the length of OCC for CDM multiplexing in frequency is too large, still performing length-4 OCC in frequency domain for the structure of Rel15 DMRS type1 can be considerd as a possible way to increase the maxmum number of DMRS ports. However, for the structure of Rel15 DMRS type1, there are 6 REs in one symbol, which is not the integer multiple of 4, and the orthogonality between different CDMed REs is no longer valid if length-4 OCC is introduced in frequency domain.
Observation 2: The orthogonality between different CDMed REs is no longer valid if length-4 OCC is performed in frequency in the structure of Rel15 DMRS type1.
According to obervation 1 and observation 2, if the length of the OCC can not be matched well with the number of REs in one symbol, the orthogonality between different CDMed REs can not guaranteed. That is why we introduce 3FD-OCC and 6FD-OCC in DMRS pattern-1 and DMRS pattern-4 in Appendix A. Another way to ensure the orthogonality is to take multiple PRBs as the basic mapping unit (BMU) to make sure that the length of the OCC is matching with the number of REs in one symbol. As shown in DMRS pattern-6 and DMRS pattern-7 in Appendix A, the basic mapping unit is set to 2 PRB, or in other words, the minimum PRB bundling size is set to 2. These PRBs in basic mapping unit should be used to joint channel estimation to ensure the the orthogonality between different CDMed REs. It's important to note that the scheduling flexibility will decrease if the basic mapping unit is set to multiple PRBs.
Proposal 4: Taking multiple PRBs as the basic mapping unit to ensure the orthogonality between different CDMed REs when the length of the OCC is not matching with the number of REs in one symbol.
Power boosting for downlink DM-RS associated with PDSCH



Observed from section 4.1 in TS 38.214, the DM-RS scaling factor  is given by , in which the  is decided according to the number of DM-RS CDM groups without data. The number of DM-RS CDM groups without data may increase because there are more CDM groups for some candidate DMRS patterns discussed in section 2.1 like DMRS pattern-1. Accordingly, the ratio of PDSCH EPRE to DM-RS EPRE may need to be update for the new introduced DMRS pattern.
Observation 3: For some candidate DMRS patterns, the number of DM-RS CDM groups without data increases because there are more CDM groups for them.
Evaluation results
All the candidate DMRS patterns mentioned above are summarized in Table 1. In this part, the LLS is performed to evaluate the performance of channel estimation for these candidate DMRS patterns. As a matter of convenience, these patterns, like pattern-1 and pattern-2, that introduce higher order OCC in frequency are denoted as HOFD-OCC patterns. And these patterns which double the supported DMRS ports via FDM are called as FDM patterns for short.
Tab.1 summary of candidate DMRS patterns
	Baseline
	Multiplexing
	Candidate DMRS pattern index
	Maximum number of DMRS ports(single/double symbol)
	Note

	Type1 in Rel15
	FDM
	pattern-1
	8/16
	3FD-OCC

	
	
	pattern-6
	8/16
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Take 2 PRBs as BMU

	
	HOFD-OCC
	pattern-4
	8/16
	6FD-OCC

	
	
	pattern-7
	8/16
	4FD-OCC and Take 2 PRBs as BMU

	Type2 in Rel15
	FDM
	pattern-2
	12/24
	

	
	
	pattern-3
	12/24
	

	
	HOFD-OCC
	pattern-5
	12/24
	4FD-OCC


[image: ][image: ]In this simulation, TDL-A channel is assumed and carrier frequency is set to 4GHz. For the	power boosting for downlink DM-RS associated with PDSCH, the number of CDM groups without data is configured as 1 because these DMRS patterns are designed to support high order MU-pairing in CJT and we assume that the CDM groups contain potential co-scheduled downlink DM-RS and are not used for data transmission. Other simulation parameters can be found in Appendix B.
[bookmark: _GoBack][image: ][image: ]Fig.2 The BLER comparison among DMRS pattern-1, pattern-6, pattern-4, and pattern-7
Fig. 3 BLER comparison among DMRS pattern-2, pattern-3, pattern-5
Figure2 shows the BLER comparison among DMRS pattern-1, pattern-6, pattern-4, and pattern-7 which are candidate DMRS patterns to double the supported DMRS ports of Rel15 DMRS type1. The BLER comparison among DMRS pattern-2, pattern-3 and pattern-5 which are candidate DMRS patterns to double the supported DMRS ports of Rel15 DMRS type2 is illustrated in Figure3.
Observed from figure2 and figure3, the performance of channel estimation is almost the same when the delay spread is set to 30 ns because of the low frequency selectivity. When the delay spread is configured as 300 ns, the channel estimation performance of HOFD-OCC patterns is better than that of FDM patterns because there are less resource in frequency in these FDM patterns. Apparently, frequency selectivity of wireless channel is an essential factor when we think about introducing new DMRS patterns to support larger number of DMRS ports.
Observation 4:
· The channel estimation performance of all the candidate patterns and Rel15 DMRS Types are almost the same when delay spread is set to 30 ns
· When the delay spread is configured as 300 ns, the performance loss of all the candidate patterns compared with Rel15 DMRS Types is slight.
· The channel estimation performance of HOFD-OCC patterns is better than that of FDM patterns when the delay spread is configured as 300 ns
Proposal 5: All the candidate patterns, especially these HOFD-OCC patterns, proposed in section 2.1 can be considered in Rel18 to support larger number of DMRS ports according to the LLS results.
In addition, there are two pattern, pattern-6 and pattern-7, that take 2 PRBs as the basic mapping unit. According to figure 2, the performance of pattern-6 and pattern-1 is almost the same even when the delay spread is 300 ns. Similarly, there's not much difference in the performance between pattern-7 and pattern-4. What’s more, the scheduling flexibility is limited if the basic mapping unit is set to multiple PRBs.
Observation 5:
· The patterns that take multiple PRBs as the basic mapping unit to ensure the orthogonality between different CDMed REs almost have the same channel estimation performance with the pattern that introduce higher order OCC matched with the number of  REs in one symbol.
Proposal 6: Give low priority to the candidate patterns which take multiple PRBs as the basic mapping unit.
Enhancements on DMRS ports for 8Tx UL SU-MIMO
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


For the uplink transmission with 8Tx, it needs further enhancements on DMRS design if it is agreed to support the maximum number of transmission layers to 8. In current spec, only 4 transmission layers for the PUSCH is supported. If only 4 layers would be agreed for the 8Tx UL transmission, then we cannot see any impact to current DMRS design. To our understanding, the motivation for the enhancement is the improved throughput and also to minimize the gap of the supported RANK and data rate between UL and DL.
If the maximum 8 transmission layers is justified to be enhanced for the 8Tx，the number of DMRS ports should also be increased accordingly. Since the scenario mainly targeting SU-MIMO for 8Tx enhancement, DMRS port allocation design would be quite aligned with that of the DL, the DMRS port allocation for RANK5-8 should be introduced to each category of DMRS table. Currently the DMRS port allocation table is categorized according to DMRS type, max number of front-load DMRS symbols, and under each category DMRS tables for Rank 1-4 are specified separately. The direct way is to extend the DMRS table for RANK 5-8 for each category. But this may not be efficient enough, because very limited entry would be introduced for SU-MIMO, so in order to have less spec impact, a joint table for each categories is also feasible without extra signaling overhead. 
Proposal 7: If the maximum layers to support for 8Tx uplink transmission is 8, DMRS port allocation tables needs to be extended. Either separate tables for RANK5-8 for each DMRS configuration (same as current spec) or a joint table including all RANKs from 5-8 for each DMRS configuration would be feasible. We prefer the latter approach which has less spec impact.

Also if DMRS ports are extended to 8 for the 8Tx UL transmission, then PT-RS port(s) association with DMRS port(s) should be redefined too. The enhancements is to indicate the association between PTRS port(s) and DMRS port(s) for the transmission of one PT-RS port and two PT-RS ports respectively
Proposal 8: Redefine the association between PT-RS port(s) and DMRS port(s) if 8-port DMRS is introduced.

Conclusion
In this contribution, we discuss about some necessary DMRS enhancements to support CJT and 8Tx UL transmission. Based on above discusses, we provide the following proposals related to DMRS enhancement for CJT:
Proposal 1: The maximum number of DMRS ports can be doubled via FDM.
Observation1: The orthogonality between different CDMed REs cannot be guaranteed when the number of REs in one symbol for one DMRS port decrease from 6 to 3.
Proposal 2: Length-3 Orthogonal Cover Code in frequency domain (3FD-OCC) can be introduced to ensure the orthogonality when the number of REs in one symbol for each DMRS port reduces to 3.
Proposal 3: 6FD-OCC and 4FD-OCC can be introduced to to double the maxmum number of DMRS ports without reducing the resource assigned to each DMRS port.
Observation 2: The orthogonality between different CDMed REs is no longer valid if length-4 OCC is performed in frequency in the structure of Rel15 DMRS type1.
Proposal 4: Taking multiple PRBs as the basic mapping unit to ensure the orthogonality between different CDMed REs when the length of the OCC is not matching well with the number of REs in one symbol.
Observation 3: For some candidate DMRS patterns, the number of DM-RS CDM groups without data increases because there are more CDM groups for them.
Observation 4:
· The channel estimation performance of all the candidate patterns and Rel15 DMRS Types are almost the same when delay spread is set to 30 ns
· When the delay spread is configured as 300 ns, the performance loss of all the candidate patterns compared with Rel15 DMRS Types is slight.
· The channel estimation performance of HOFD-OCC patterns is better than that of FDM patterns when the delay spread is configured as 300 ns
Proposal 5: All the candidate patterns, especially these HOFD-OCC patterns, proposed in section 2.1 can be considered in Rel18 to support larger number of DMRS ports according to the LLS results.
Observation 5:
· The patterns that take multiple PRBs as the basic mapping unit to ensure the orthogonality between different CDMed REs almost have the same channel estimation performance with the pattern that introduce higher order OCC matched with the number of  REs in one symbol.
Proposal 6: Give low priority to the candidate patterns which take multiple PRBs as the basic mapping unit.
And the proposals with repect to DMRS enhancement for 8Tx UL transmission are shown as fellows:
Proposal 7: If the maximum layers to support for 8Tx uplink transmission is 8, DMRS port allocation tables needs to be extended. Either separate tables for RANK5-8 for each DMRS configuration (same as current spec) or a joint table including all RANKs from 5-8 for each DMRS configuration would be feasible. We prefer the latter approach which has less spec impact.
Proposal 8: Redefine the association between PT-RS port(s) and DMRS port(s) if 8-port DMRS is introduced.
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Appendix A
The details of all the possible DMRS patterns mentioned in section 2.1 are shown in this appendix, including their structure and parameters for PDSCH/PUSCH DM-RS. In the figures of structures, only the single symbol case is illustrated.
DMRS pattern-1
Structure


Parameters for PDSCH/PUSCH DM-RS
	p
	CDM group

	
	
	

	
	
	
	
	
	
	
	

	1000
	0
	0
	+1
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	
	
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	
	
	+1
	+1

	1004
	2
	2
	+1
	+1
	+1
	+1
	+1

	1005
	2
	2
	+1
	
	
	+1
	+1

	1006
	3
	3
	+1
	+1
	+1
	+1
	+1

	1007
	3
	3
	+1
	
	
	+1
	+1

	1008
	0
	0
	+1
	+1
	+1
	+1
	-1

	1009
	0
	0
	+1
	
	
	+1
	-1

	1010
	1
	1
	+1
	+1
	+1
	+1
	-1

	1011
	1
	1
	+1
	
	
	+1
	-1

	1012
	2
	2
	+1
	+1
	+1
	+1
	-1

	1013
	2
	2
	+1
	
	
	+1
	-1

	1014
	3
	3
	+1
	+1
	+1
	+1
	-1

	1015
	3
	3
	+1
	
	
	+1
	-1




DMRS pattern-2
Structure


DMRS pattern 3
Structure


DMRS Pattern-4
Structure


Parameters for PDSCH/PUSCH DM-RS
	p
	CDM group

	
	
	

	
	
	
	
	
	
	
	
	
	
	

	1000
	0
	0
	+1
	+1
	+1
	+1
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	
	
	-1
	
	
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	
	
	-1
	
	
	+1
	+1

	1004
	0
	0
	
	+1
	
	
	-1
	
	+1
	+1

	1005
	0
	0
	
	
	+1
	
	
	-1
	+1
	+1

	1006
	1
	1
	
	+1
	
	
	-1
	
	+1
	+1

	1007
	1
	1
	
	
	+1
	
	
	-1
	+1
	+1

	1008
	0
	0
	+1
	+1
	+1
	+1
	+1
	+1
	+1
	-1

	1009
	0
	0
	+1
	
	
	-1
	
	
	+1
	-1

	1010
	1
	1
	+1
	+1
	+1
	+1
	+1
	+1
	+1
	-1

	1011
	1
	1
	+1
	
	
	-1
	
	
	+1
	-1

	1012
	0
	0
	
	+1
	
	
	-1
	
	+1
	-1

	1013
	0
	0
	
	
	+1
	
	
	-1
	+1
	-1

	1014
	1
	1
	
	+1
	
	
	-1
	
	+1
	-1

	1015
	1
	1
	
	
	+1
	
	
	-1
	+1
	-1



DMRS pattern-5
Structure


Parameters for PDSCH/PUSCH DM-RS
	[bookmark: OLE_LINK10]p
	CDM group

	
	
	

	
	
	
	
	
	
	
	
	

	1000
	0
	0
	+1
	+1
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	-1
	+1
	+1

	1002
	1
	2
	+1
	+1
	+1
	+1
	+1
	+1

	1003
	1
	2
	+1
	-1
	+1
	-1
	+1
	+1

	1004
	2
	4
	+1
	+1
	+1
	+1
	+1
	+1

	1005
	2
	4
	+1
	-1
	+1
	-1
	+1
	+1

	1006
	0
	0
	+1
	+1
	-1
	-1
	+1
	+1

	1007
	0
	0
	+1
	-1
	-1
	+1
	+1
	+1

	1008
	1
	2
	+1
	+1
	-1
	-1
	+1
	+1

	1009
	1
	2
	+1
	-1
	-1
	+1
	+1
	+1

	1010
	2
	4
	+1
	+1
	-1
	-1
	+1
	+1

	1011
	2
	4
	+1
	-1
	-1
	+1
	+1
	+1

	1012
	0
	0
	+1
	+1
	+1
	+1
	+1
	-1

	1013
	0
	0
	+1
	-1
	+1
	-1
	+1
	-1

	…
	…
	…
	…
	…
	…
	…
	…
	…

	1023
	2
	4
	+1
	-1
	-1
	+1
	+1
	-1



DMRS pattern-6
Structure


DMRS pattern-7
Structure


Parameters for PDSCH/PUSCH DM-RS
	p
	CDM group

	
	
	

	
	
	
	
	
	
	
	
	

	1000
	0
	0
	+1
	+1
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	-1
	-1
	+1
	+1

	1005
	0
	0
	+1
	-1
	-1
	+1
	+1
	+1

	1006
	1
	1
	+1
	+1
	-1
	-1
	+1
	+1

	1007
	1
	1
	+1
	-1
	-1
	+1
	+1
	+1

	1008
	0
	0
	+1
	+1
	+1
	+1
	+1
	-1

	1009
	0
	0
	+1
	-1
	+1
	-1
	+1
	-1

	1010
	1
	1
	+1
	+1
	+1
	+1
	+1
	-1

	1011
	1
	1
	+1
	-1
	+1
	-1
	+1
	-1

	1012
	0
	0
	+1
	+1
	-1
	-1
	+1
	-1

	1013
	0
	0
	+1
	-1
	-1
	+1
	+1
	-1

	…
	…
	…
	…
	…
	…
	…
	…
	…

	1015
	1
	1
	+1
	-1
	-1
	+1
	+1
	-1



Appendix B
Tab.2 Link-level simulation parameters for section 2.3
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	4G

	Channel Model
	TDL-A, 30ns and 300ns 

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,4,2,1,1,2,4). (dH, dV) = (0.5, 0.8) 

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng; Mp, Np) =
 (1,1,2,1,1,1,1), (dH, dV) = (0.5, 0.5) 

	Modulation CodeRate(MCS)
	MCS 11

	Numerology
	14 OFDM symbol slot, 15kHz SCS for delay=30ns, 60kHz for delay=300ns

	Bandwidth
	20 MHz

	MIMO scheme
	SU-MIMO, RANK=1/UE

	UE speed
	3km/h

	precoding granularity
	1 PRB

	DL DMRS channel estimation
	MMSE channel estimation

	Baseline
	Type I and Type II in Rel15/16
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