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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#109-e meeting, the Rel. 18 NR_MIMO_evo_DL_UL WID [1] was discussed. The following was agreed [2] on the topic of increasing the number of orthogonal DM-RS ports for MU-MIMO:
	Agreement
LLS is used for objective #3 (increasing DMRS ports for MU-MIMO) in Rel.18 MIMO, while SLS can be used optionally.

Agreement
No EVM discussion is needed for objective #5 (>4 layers PUSCH DMRS) in AI 9.1.3.1 (DMRS) in Rel.18. 

Agreement
LLS for increasing DMRS ports in AI 9.1.3.1 in Rel.18: 
· Evaluated channel: PDSCH as baseline (Companies can additionally submit evaluation results of PUSCH). 
· Evaluation metric:  
· BLER for fixed MCS and rank as baseline 
· User throughput for adaptive MCS and rank as optional 
· MSE or NMSE of DMRS as optional 
· Evaluation baseline (i.e. compared with):  
· For evaluation of enhanced single-symbol DMRS, baseline refers to Rel.15 single-symbol DMRS or Rel.15 double-symbol DMRS. 
· For evaluation of enhanced double-symbol DMRS, baseline refers to Rel.15 double-symbol DMRS.

Agreement
Specify to increase the maximum number of DMRS ports for PDSCH/PUSCH larger than Rel.15 for CP-OFDM without increasing the DMRS overhead. 
· Strive to have common design of DMRS enhancement for PDSCH and PUSCH for a given DMRS Type.

Agreement
The maximum number of enhanced DMRS ports in Rel.18 is doubled from Rel.15 DMRS ports: 
· For DMRS type 1, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is 
· Single symbol DMRS: 8 DMRS ports. 
· Double symbol DMRS: 16 DMRS ports. 
· For DMRS type 2, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is 
· Single symbol DMRS: 12 DMRS ports. 
· Double symbol DMRS: 24 DMRS ports.

Agreement
· Study the following potential DMRS enhancement for potential support of more than 4 layers SU-MIMO PUSCH. 
· Extend DMRS port allocation table for rank 5~8 
· Note: DL DMRS table can be a reference 
· Enhancement for DMRS to PTRS mapping  
· Study whether to utilize Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH. 
· Note: the above study does not imply more than 4 layers SU-MIMO PUSCH is supported. 
· Note: other study for potential DMRS enhancement for potential support of more than 4 layers SU-MIMO PUSCH is not precluded.


In this contribution, we present our views on the options for LLS evaluation as well as the Rel.18 DMRS ports indication and signaling.
LLS evaluation of optional schemes
[bookmark: _Ref52454871]In RAN1#109-e meeting, regarding the LLS evaluation, optional schemes for increasing the orthogonal DMRS ports and modeling of inter-user interference were agreed as following. Detailed LLS evaluation assumptions for increasing DMRS ports can be found in Appendix A. 
	Agreement
To increase the number of DMRS ports for PDSCH/PUSCH, evaluate and, if needed, specify one or more from the following options: 
· Opt.1 (enhance FD-OCC): Introduce larger FD-OCC length than Rel.15 (e.g. 4 or 6). 
· Study aspect includes potential performance degradation in large delay spread, potential scheduling restriction, backward compatibility. 
· Opt.2 (enhance TD-OCC): Utilize TD-OCC over non-contiguous DMRS symbols (e.g. TD-OCC across front/additional DMRS symbols) 
· Study aspect includes potential performance degradation in high UE velocity, potential scheduling restriction (e.g. how to apply freq. hopping), potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility. 
· Opt.3 (Sparser frequency allocation): increase the number of CDM groups (e.g. larger number of comb/FDM). 
· Study aspect includes potential performance degradation in large delay spread, backward compatibility. 
· Opt.4 (using TDMed DMRS symbol): reusing additional DMRS symbols to increase orthogonal DMRS ports 
· Study aspect includes potential performance degradation in high UE velocity, potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility. 
· Opt.5 TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM: reusing additional DMRS symbol(s) to improve channel estimation performance. 
· Study aspect includes potential performance degradation in high UE velocity, potential scheduling restriction (e.g. how to apply freq. hopping), potential DMRS configuration restriction (e.g. restriction of the number of additional DMRS), backward compatibility. 
· The same option can be applied to both single symbol DMRS and double symbol DMRS.
Agreement
· For MU-MIMO LLS of PDSCH, for evaluation of SVD/CSI-codebook based sub-band precoding, companies shall report the pre-coding assumption of interference of co-scheduled UEs from the following: 
· Alt.1: calculated by pre-coder of channel of each co-scheduled UE. 
· For precoding assumption of PDSCH, precoder of target UE and precoder of co-scheduled UE are generated independently.
· Companies can report a set of azimuth and zenith angle offset used for evaluation (For example, azimuth angle offsets from [30 o, 60 o, 90 o] and zenith angle offset from [3o, 6o] can be considered).
· Alt.2: calculated by random pre-coder (i.e. precoder selected randomly from a predefined set of precoders) which is different from the pre-coder of target UE. 
· For precoding assumption of PDSCH, only the channel of one target UE, i.e. Hd, needs to be modelled. Precoder is generated based on Hd to obtain the precoder for this UE only. The interference from co-scheduled UEs can be modelled as,  , wherein Wi can be randomly selected from a predefined set of precoders
· Companies shall report how to generate the predefined set of precoders for simulation.
· Alt.3: the same pre-coder as scheduled UE. 
· PDSCH interference and interfering DMRS ports are emulated using the same pre-coder as for the scheduled UE.
· Power offset of the co-scheduled UE is one value from {0dB, -3dB, -6dB} as fixed evaluation parameter. Other values are not precluded. 
· For precoding assumption of PDSCH, only the channel of one target UE, i.e. Hd, needs to be modelled. Precoder for the target UE (denoted as Wd) is generated based on Hd only. Denote the precoding matrix/vector of the ith co-scheduled UEs as Wi, and Wi=Wd (Wi for all th co-scheduled UEs are same). Then the interference from co-scheduled UEs can be modelled as .​
· For the above Alt.1-3, only PDSCH performance of the target UE is evaluated, while interference of both PDSCH and DMRS of co-scheduled UE(s) is simulated. 




There are five options of schemes for increasing the orthogonal ports and three alternatives for modeling the inter-user interference with some sub-options of parameter sweeping within, their combinations create quite large amounts of simulations to run. Without down-selection, it is difficult to align the results from different companies and agree on the preferred scheme(s) for Rel.18 DMRS enhancement. 
The purpose of MU-MIMO LLS evaluation is to access the performance of various options of schemes for Rel.18 DMRS, i.e., channel estimation performance and its impact on suppression of inter-user interference in MU-MIMO scenarios. Alt.3 proposes to model the inter-user interference by applying the same precoding for interference as well as for target signal. The pro is that simulation setup is simple since only one user’s precoding needs to model in the simulation and the simulation results will be easy to align among companies. The con is that since signal and interference are of the same spatial directions, no spatial interference suppression, which is an essential aspect of MU-MIMO, is possible to check. In our view, Alt.3 can be considered if other alternatives cannot fulfill the evaluation requirements.
Alt.2 proposes to model inter-user interference with random precoding. Alignment of simulation results may be achieved with extended simulation running time to average out the randomness. Beside the requirement for excessive simulation duration, this way of modeling of inter-user interference is not practically encountered in the field. 
Alt.1 proposes to model inter-user interference by transmitting target signal using independent precoding toward itself. The inter-user interference is closely modeled to what one may experience in practice. The concern with the Alt.1 is that it may be hard to align companies’ results. While, with the introduction of CDL-B/CDL-C channel and the angle offsets, it could ease the alignment concerns. We simulate Alt.1 with different angle offsets and the results show that azimuth angle offset 90o and zenith angle offset 6o gives the best results. Figure 1 shows the performance comparison of opt.1 (FDD-OCC4), opt.3(FDD-comb4) and legacy DMRS ports for single DMRS symbol case. For legacy DMRS and opt.3, DMRS from two users are orthogonal. For opt.1, DMRS from two users are CDM on the same frequency resource. Each user’s transmission is two layers, and the modulation format is 16QAM and code rate is ½. Since the delay spread is 30ns, hence flat channel, opt.1 outperforms legacy DMRS due to its longer OCC length. Opt.3 perform worse that legacy DMRS due to its sparser DMRS density. The result shows that alt.1 is feasible for LLS evaluation of Rel.18 DMRS enhancement schemes. 
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Figure 1 CDL-C,16QAM, CR=0.5, [90o 6o]
 
Proposal 1: For further LLS evaluations, consider adopting Alt.1 (CDL-C/CDL-B with azimuth angle offset 90o and zenith angle offset 6o) for precoding assumption of interference of co-scheduled UE 

Rel.18 DMRS ports indication, signaling and co-existence with legacy DMRS ports
Regarding the Rel.18 DMRS ports indication, signaling and co-existence with legacy DMRS ports, the following were agreed in RAN1#109-e meeting:
	Agreement
To increase the maximum number of DMRS ports for PDSCH/PUSCH compared to Rel.15 DMRS for CP-OFDM without increasing the DMRS overhead, 
· Study whether/how to enable MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports, as well as whether/how to enable MU-MIMO among Rel.18 DMRS ports, in the same or different CDM group.
Agreement
To increase the maximum number of orthogonal DMRS ports for PDSCH/PUSCH larger than Rel.15,  
· Study whether/how to support DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports. 
· Study whether/how to reuse the antenna port indication table in 38.212 as much as possible for both PDSCH and PUSCH 
· Study the potential need for MU scheduling restrictions in the design of the enhanced antenna port indication table in 38.212 for DL PDSCH.




The design of port indexing, grouping, and signaling should strive for backward compatibility with legacy UE as much as possible. The design shall also strive to avoid redesigning of port indexing, grouping, and signaling completely. Since the purpose of adding additional DR-MS ports in Rel.18 is solely targeting MU-MIMO instead of SU-MIMO scenarios, legacy DM-RS port indexing, grouping, and signaling shall be reused as much as possible. 
Use the scheme in opt.3: increase the number of CDM groups with larger number of combs as an example, for DMRS configuration of type 1, the number of combs in the frequency domain can be increased from 2 to 4. Each comb carries 2 orthogonal DM-RS ports by CDM, together 4 combs give a total of 8 ports for single OFDM symbol. For double OFDM symbols, the same time domain legacy OCC of size 2, {[+1 +1], [+1 -1]}, is used to double the orthogonal DM-RS ports, it gives a total of 16 orthogonal DM-RS ports.
Figures 2-3 show the port indexing for each orthogonal port spread over 2 resource blocks. Note that the patterns repeat every 2 resource blocks although the actual scheduled resource blocks for DM-RS transmission are not necessarily multiple of 2. Figure 2 shows the port indexing of doubling the DM-RS ports for type 1 single OFDM symbol case. The frequency density of each DM-RS port is halved compared to NR legacy DM-RS configuration. Since the number of combs is doubled, the number of CDM groups is also doubled from 2 to 4. The DM-RS port index is mapped to CDM group index in a way to make ports 0-3 have the same comb offsets as legacy DM-RS configurations, i.e., ports 0,1 are on comb offset 0 corresponding to CDM group 0, ports 2,3 are on comb offset 1 corresponding to CDM group 1. For additional DM-RS port indexes, ports 8,9 are on comb offset 2 corresponding to CDM group 2, ports 10,11 are on comb offset 3 corresponding to CDM group 3.


Figure 2 Example port indexing of opt.3 for single DMRS symbol
Figure 3 shows the port indexing of doubling the DM-RS ports for type 1 double OFDM symbol case. The frequency density of each DM-RS port is halved compared to NR legacy DM-RS configuration. Since the number of combs is doubled, the number of CDM groups is also doubled from 2 to 4. The DM-RS port index is mapped to CDM group index in a way to make ports 0-7 have the same comb offsets as legacy DM-RS configurations, i.e., ports 0,1,4,5 are on comb offset 0 corresponding to CDM group 0, ports 2,3,6,7 are on comb offset 1 corresponding to CDM group 1. For additional DM-RS port index, ports 8,9,12,13 are on comb offset 2 corresponding to CDM group 2, ports 10,11,14,15 are on comb offset 3 corresponding to CDM group 3.



Figure 3 Example port indexing of opt.3 for double DMRS symbols
Figure 4 shows the relative CDM location of the DM-RS ports of type 1 single DMRS symbol case.


Figure 4 Type1 DMRS ports of opt.3 for single DMRS symbol
Figure 5 shows the relative CDM location of the DM-RS ports of type 1 double DMRS symbols case. 


Figure 5 Type1 DMRS ports of opt.3 for double DMRS symbols
For SU-MIMO only scenario, the design for legacy can be reused. A UE may be scheduled with a few DM-RS ports by the antenna port index in DCI format 1_1 as described in Clause 7.3.1.2 of [5, TS 38.212].
For DM-RS configuration type 1,
- if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 12} in Table 7.3.1.2.2-1A and {2, 9, 10, 11, 30 or 31} in Table 7.3.1.2.2-2A of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
For MU-MIMO scenario and DM-RS configuration type 1, UE may be configured with three modes of operation for the DM-RS port(s) indication:
· Mode 1: Legacy DM-RS CDM port(s)
In this mode of operation, DCI message is transmitted and interpreted in the same way as described in 7.3.1.2.2 of 38.212 and 5.1.6.2 of 38.214. The definitions of the DM-RS ports follow the legacy definitions. The usage for this mode is mainly targeting better handling of longer propagation path delay or backward compatible with legacy UE.
· Mode 2: Double DM-RS CDM ports and double CDM groups without data 
In this mode of operation, the number of DM-RS CDM ports doubles and the frequency density of each DM-RS CDM port is halved. The number of DM-RS CDM groups without data is also doubled based on the scheduled number of DM-RS CDM groups without data. The definitions of the DM-RS ports follow the new definitions as described in previous paragraphs. The usage for this mode is mainly targeting multiplexing more UE transmission simultaneously. 
· Mode 3: Double DM-RS CDM ports only
In this mode of operation, the number of DM-RS CDM ports in doubled and the frequency density of each DM-RS CDM port is halved. The number of DM-RS CDM groups without data is not doubled. The definitions of the DM-RS ports follow the new definitions as described in previous paragraphs. This mode is used for high spectrum efficiency and reducing UE DM-RS overlapping in frequency domain.
To indicate the DM-RS ports for mode 2 and 3, a new bit of information could be added in legacy DCI message to indicate the DMRS port indexing offset. If this bit is set, a port offset of 8 shall be added to the port index(es) of the corresponding entry in the lookup tables (7.3.1.2.2-1, 7.3.1.2.2-1A, 7.3.1.2.2-2 and 7.3.1.2.2-2A in 38.212). Otherwise, a port offset of 0 should be added.
Since for DM-RS type 1 with doubling ports, the number of DM-RS CDM groups without data, is increased from 2 to 4. Then the indication of number of DM-RS CDM group(s) without data should also change accordingly. Mode 2 and mode 3 should be configured to handle this situation differently.
For mode 2, the network schedules multiple UE for simultaneous transmission. UE derives the DM-RS port(s) transmission information through received DCI signaling of antenna port(s) bits and DM-RS port offset bit. UE search the lookup table and read the entry corresponding to the received antenna port(s) bits. UE derives the number of CDM groups without data by always doubling the corresponding number in the entry. The additional DM-RS CDM group index(es) without data could be obtained by adding 2 to index(es) in the entry. 
For example, if the configuration of DM-RS is type 1 and the maximum length of OFDM symbols is 2, then Table 7.3.1.2.2-2 in 38.212 should be used for table lookup. Assuming that one codeword is enabled and the antenna port(s) bits have value 26. From the entry corresponding to value 26 in the lookup table, the indicated DM-RS ports are 0,1,4, and the number of DM-RS CDM groups without data is 2, i.e. {0,1}. Then the UE shall double the number of 2 to get the number of DM-RS CDM groups without data to be 4. UE adds 2 to {0,1} and combines with {0,1} to get the final DM-RS CDM groups without data indexes, i.e. {0,1,2,3}. Now if DM-RS port offset bit is not set, the UE shall expect the DM-RS transmission on ports 0,1,4. While if DM-RS port offset bit is set, the UE shall add 8 and expect the DM-RS transmission on ports 8,9,12. 
For mode 3, the network schedules multiple UE for simultaneous transmission. UE derives the DM-RS port(s) transmission information through received DCI signaling of antenna port(s) bits and DM-RS port offset bit. UE search the lookup table and read the entry corresponding to the received antenna port(s) bits. If DM-RS port offset bit is not set, the DM-RS CDM group index(es) without data is the same as the entry. If DM-RS port offset bit is set, the DM-RS CDM group index(es) without data is derived by adding 2 to index(es) in the entry. 
For example, if the configuration of DM-RS is type 1 and the maximum length of OFDM symbols is 1, then table 7.3.1.2.2-2 in 38.212 should be used for table lookup. Assuming that one codeword is enabled and the antenna port(s) bits have value 26. From the entry corresponding to value 26 in the lookup table, the indicated DM-RS ports are 0,1,4 and the number of DM-RS CDM groups without data is 2, i.e. {0,1}. If DM-RS port offset bit is not set, UE derives the indexes of DM-RS CDM groups without data directly from the indicated value {0,1} and shall expect the DM-RS transmission on ports 0,1,4. If DM-RS port offset bit is set, UE adds 2 to {0,1} to get the final DM-RS CDM groups without data indexes, i.e. {2,3} and shall expect the DM-RS transmission on ports 8,9,12.
One of the three modes of operations may be configured to each UE specifically and activated through high layer RRC signaling. It is also possible that one of the mode combinations, mode 1 and 2, or mode 1 and 3, may be configured to each UE through high layer RRC signaling and one mode is activated by MAC-CE.
It is also possible to dynamically signal UE to switch between one of the two modes within the configured mode combinations, i.e., mode 1 and 2, or mode 1 and 3, by adding a new bit of information to the legacy DCI message. Say the bit is configured for mode combination of mode 1 and 2, if the bit is set, the UE shall operate in mode 1, otherwise the UE shall operate in mode 2.
As an example, assume the maximum length of OFDM symbols is 1, then Table 7.3.1.2.2-1 in 38.212 should be used for table lookup. 
Assume 4 UEs are scheduled for MU-MIMO transmission, 
· UE1 is signaled to operate in mode 2 and signaled with antenna port bits value 7, the antenna port offset bit is not set. UE1 shall expect DM-RS transmission on ports 0 and 1 on comb 0
· UE2 is signaled to operate in mode 2 and signaled with antenna port bits value 3, the antenna port offset bit is set. UE2 shall expect DM-RS transmission on ports 8 on comb 2
· UE3 is signaled to operate in mode 2 and signaled with antenna port bits value 4, the antenna port offset bit is set. UE3 shall expect DM-RS transmission on ports 9 on comb 2
· UE4 is signaled to operate in mode 1 and signaled with antenna port bits value 8, the antenna port offset bit is not set. UE4 shall expect DM-RS transmission on ports 2 and 3 on comb 1 of legacy DM-RS port definition (Comb 1 and 3 in new DM-RS ports definition) 
Figure 6 shows the DM-RS ports assignment for UE1-UE4 in the CDM and comb domains. UE 4 has legacy duration for better handling of longer propagation path delay or backward compatibility. 

 
Figure 6 Type 1 DMRS port(s) assignment

Based on the above analysis, we propose the following:
Proposal 2: Consider reusing legacy DMRS port(s) indication table to indicated Rel.18 DMRS ports by introducing DMRS port(s) offset information bit to DCI message
Proposal 3: Consider defining mode of operations for UE and dynamic switching by introducing mode switching information bit to DCI message

Conclusions
In this contribution, we present our views on increasing the orthogonal DMRS ports. Based on the discussions in the previous sections we propose the following: 
Proposal 1: For further LLS evaluations, consider adopting Alt.1 (CDL-C/CDL-B with azimuth angle offset 90o and zenith angle offset 6o) for precoding assumption of interference of co-scheduled UE
Proposal 2: Consider reusing legacy DMRS port(s) indication table to indicated Rel.18 DMRS ports by introducing DMRS port(s) offset information bit to DCI message
Proposal 3: Consider defining mode of operations for UE and dynamic switching by introducing mode switching information bit to DCI message

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref45631853][bookmark: _Ref6583376][bookmark: _Ref167612875][bookmark: _Ref167612671]RP-213598, “New WID: MIMO Evolution for Downlink and Uplink”, Samsung, RAN#94-e.
[bookmark: _Ref17737264][bookmark: _Ref98498755]3GPP RAN1, RAN1#109-e, Chairman Notes.

Appendix: Details of simulation assumptions
Agreement
Following evaluation assumptions are used for LLS for increasing DMRS ports in AI 9.1.3.1 in Rel.18. 
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, OFDM 
Note: FDD, OFDM is not precluded 

	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline for MU-MIMO and SU-MIMO 
Note: Other delay spread is not precluded.  
Note: Simulation using TDL-A with 30ns or 300ns for MU-MIMO is not precluded.  

	Delay spread 
	Baseline: 30ns, 300ns 
Optional: 1000ns 

	UE velocity 
	Baseline: 3km/h, 30km/h 
Optional: 60km/h, 120km/h 

	Allocation bandwidth 
	20MHz 
Note: Other bandwidth smaller than 20MHz is not precluded 

	MIMO scheme 
	Baseline: MU-MIMO 
Optional: SU-MIMO 

	BS antenna configuration 
	Companies can select and need to report which option(s) are used between 
- 32 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
- 16 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 
Other configurations are not precluded. 

	UE antenna configuration 
	Companies can select and need to report which option(s) are used between 
4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2 
2RX: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 
Other configuration is not precluded. 

	MIMO Rank 
	1, 2, or 4 per UE (rank fixed or rank adaptation) 

	UE number for MU-MIMO 
	1, 2, 4, 8, or 12 

	Precoding and precoding granularity 
	For PDSCH: Companies can select and need to report which option(s) are used between 
· [ZF or SVD] based sub-band precoding (with 4PRB precoding granularity) on ideal channel knowledge 
· CSI codebook based sub-band precoding (with 4PRB precoding granularity) on ideal CSI feedback. 
For PUSCH: Companies can select and need to report which option(s) are used between 
· [ZF or SVD] based wide-band precoding on ideal channel knowledge 
· Codebook based wide-band precoding on ideal CSI feedback. 

	Feedback delay for precoding 
	5ms 

	DMRS type 
	Type 1E and/or Type 2E, which are enhanced DMRS that are based on the legacy RE mappings of DMRS Type 1/2, where the enhanced DMRS support larger DMRS ports. 
Note: The terminology of Type 1E and/or Type 2E is for discussion purpose. 

	DMRS configurations 
	Baseline:  
· Single symbol DMRS without additional DMRS symbols and 1 additional DMRS symbol 
· Double symbol DMRS without additional DMRS symbols. 
Note: evaluation of other additional DMRS symbol(s) are not precluded. 

	DMRS mapping type 
	Mapping type A (slot based) for PDSCH. 
Mapping type A (slot based) for PUSCH. 

	Link adaptation 
	· Fixed modulation, coding and rank for BLER evaluation as baseline. 
· Adaptation of both MCS and rank for throughput evaluation as optional.  

	HARQ 
	Baseline: Off 
Optional: On (HARQ with max. 4 re-transmissions) for throughput evaluation 

	Channel estimation 
	Realistic channel estimation with ideal info of frequency sync, SNR, doppler and delay spread 

	Receiver type 
	MMSE as baseline 

	EVM 
	No radio impairments  
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