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1	Introduction
During RAN1 #109-e meeting, agreements were made for DMRS enhancements as shown in Appendix 2:

In this contribution, we compare the performance of options for DMRS enhancement, and share our view on the pros and cons on each option and possible improvement. We also discuss the need for dynamic switching schemes to improve SU-MIMO and MU-MIMO performance.
[bookmark: _Ref178064866]2	Discussion
2.1 DMRS extension alternatives
On RAN1#109-e meeting, RAN1 selected 5 evaluation options for DMRS enhancement. 
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. 

Below we give a short description of each option according to our understanding:
2.1.1 Option 1: Longer FD-OCC
Option 1, maintains the same number of CDM groups and introduces longer FD-OCC code, which increases the “dimension” in code domain. The FD-OCC extension can be made with either DFT code (equivalent to cyclic shifts) or Hadamard codes and the OCC length can be either 4 (as illustrated in Figure 1) or 6 (i.e. each FD-OCC code spans a whole resource block).
[image: ]
[bookmark: _Ref110944348]Figure 1: FD-OCC group length increased from 2 to 4 with DFT code
In the simulations, we’ve evaluated the performances of FD-OCC length 4 with real valued FD-OCC vectors, FD-OCC length 4 with FD-OCC vectors based on cyclic shifts and length 6 FD-OCC with FD-OCC vectors based on cyclic shifts. The FD-OCC vectors used are given in Table 1.
[bookmark: _Ref111209684]Table 1 FD-OCC vectors used for the alternative DMRS extensions based on longer FD-OCC. Note that for all three sets of vectors, vectors 1 and 2 are sublength-2 orthogonal, i.e. they are orthogonal over any two consecutive vector elements. Likewise, vectors 3 and 4 are sublength-2 orthogonal.
	FD-OCC Vector nr
	Length 4 FD-OCC real
	Length 4 FD-OCC cyclic
	Length 6 FD-OCC cyclic

	1
	[+1 +1 +1 +1]
	[+1 +1 +1 +1]
	

	2
	[+1 -1 +1 -1]
	[+1 -1 +1 -1]
	

	3
	[+1 -1 -1 +1]
	 [+1 +j -1 -j]
	

	4
	[+1 +1 -1 -1]
	[+1 -j -1 +j]
	



Note that for cyclic  length-6 FD-OCC the two cyclic length-6 vectors

and

are not used. These two vectors map to the two legacy length two FD-OCC vectors. Since these vectors are not used, very good backwards compatibility properties are achieved. In the uplink all four new length 6 FD-OCC vectors can be used for new Rel. 18 UEs while at the same time the two legacy length-2 FD-OCC vectors can be used for legacy UEs. The gNB can separate all ports by utilizing length 6 FD-OCC also for the legacy UEs.
Note also that the use of cyclic shift vectors allows for the use of FFT based decoding.
2.1.2 Option 2: TD-OCC over additional DMRS symbols
This option we think can be discarded offhand. Additional DMRS symbols are configured in order to increase robustness against large velocities and the corresponding channel variations in time. Using TD-OCC over additional DMRS symbols in this way will remove this robustness against large velocities. Note, however, that TD-OCC over additional DMRS symbols can be used in a way that doesn’t remove robustness against large UE velocities, i.e. as described by option 5.
2.1.3 Option 3: Higher degree of FDM (larger comb factor/more CDM groups)
Option 3 increases the “dimension” in frequency domain, i.e., for DMRS Type 1 the comb is increased from 2 to 4, and for DMRS Type 2 the number of CDM groups per resource block is increased from 3 to 6 as illustrated in Figure 2 below.

[image: ]
[bookmark: _Ref110944913]Figure 2	Example of Option3, using enhanced FDM to increase the number of DMRS ports for 		DMRS Type 2 


2.1.4 Option 4: TDM over additional DMRS symbols
Same as for option 2, we think this option can be discarded offhand. Additional DMRS symbols are configured in order to increase robustness against large velocities and the corresponding channel variations in time. Using TDM over additional DMRS symbols in this way will remove this robustness against large velocities.

2.1.5 Option 5: TD-OCC over non-contiguous DMRS symbols combined with FD-OCC or FDM
In this option DMRS ports are designed so that the receiver can choose whether to use TD-OCC over non-contiguous DMRS symbols or longer length FD-OCC/FDM to decode the signal and to perform channel estimation.
If the velocity is high and delay spread is low the receiver will choose to not utilize TD-OCC over non-contiguous DMRS symbols and instead it will use longer length FD-OCC/FDM to decode the signal and to perform channel estimation. Thus, robustness towards large UE velocities and the corresponding channel variations in time is maintained.
If, on the other hand, the velocity is low and delay spread is high, the receiver will choose to utilize TD-OCC over non-contiguous DMRS symbols combined with normal length FD-OCC/FDM to decode the signal and to perform channel estimation. Thus, robustness towards large delay spread and the corresponding channel variations in frequency is achieved.
In this way, robustness is achieved both against large UE velocities and against large delay spread.
Note that the same DMRS signal is sent independently of UE velocity and delay spread.  This only relies on the receiver making a choice as how to decode the signal, based on the receivers estimate of delay spread and Doppler spread, which the UE anyway estimates on the TRS.
[bookmark: _Ref111225161]To illustrate how ports are coupled to the FD-OCC and TD-OCC vectors we give a simple example in Table 2 for a combination of FD-OCC with length 4 and TD-OCC with length 2.
[bookmark: _Ref111230129]Table 2 Combination of FD-OCC with length 4 and TD-OCC with length 2 over non-consecutive OFDM symbols for 1 additional DMRS symbol to allow the receiver to decide whether to separate the DMRS ports in the frequency code domain (which is robust against doppler spread) or the time code domain (which is robust against delay spread). 
	Rel.18 DMRS port
	FD-OCC
	TD-OCC over non-consecutive DMRS symbols

	A
	[+1 +1 +1 +1]
	[+1 +1]

	B
	[+1 -1 +1 -1]
	[+1 +1]

	C
	[+1 -1 -1 +1]
	[+1 -1]

	D
	[+1 +1 -1 -1]
	[+1 -1]



We first note that the four ports can be separated using length-4 FD-OCC only. We don’t need to use TD-OCC at all. We will then get separate raw channel estimates for the two non-contiguous DMRS symbols as illustrated for DMRS type-1 extension in Figure 3 and we will maintain robustness against doppler spread. 
[image: ]
[bookmark: _Ref111195513]Figure 3 When length 4 FD-OCC is used to decode the DMRS signal, you sum over four consecutive DMRS REs in the frequency domain to separate ports and get one raw channel estimate. Thus you get separate raw channel estimates for symbol 2 and symbol 11 which gives good robustness against Doppler spread for the final filtered/interpolated/extrapolated channel estimates. The example illustrated here is for a DMRS type-1 extension but the same applies also to DMRS type-2 extensions.
Now, looking at the TD-OCC vectors, we see that they can be used to distinguish between the two groups of ports {A, B} and {C, D} but not between the individual ports within one of the groups. The TD-OCC vector is the same for the ports within one of the port groups {A, B} and {C, D}. 
However, the FD-OCC vectors of port A and B in the port group {A, B} are sublength orthogonal to each other, i.e., they are orthogonal not only when summing over all four vector elements but also when summing only over two consecutive vector elements. The same holds for the FD-OCC vectors of port C and D in the port group {C, D}. Thus, we can distinguish between the individual ports within a port group using length 2 FD-OCC.
Using a combination of length-2 FD-OCC and TD-OCC over non-consecutive DMRS symbols to decode the signal we can thus separate all the individual port. Since we used only length-2 FD-OCC rather than full length-4 FD-OCC to decode the signal we achieve robustness against delay spread. 
[image: ]
[bookmark: _Hlk111198686]Figure 4 When length 2 FD-OCC is used together with TD-OCC over non-contiguous DMRS symbols to decode the DMRS signal, you sum over two consecutive DMRS REs in the frequency domain and over the two DMRS symbols to separate ports and get one raw channel estimate. Thus you get raw channel estimates only for one time instance. On the other hand, summing over only two consecutive DMRS REs in the frequency domain gives good robustness against delay spread. The example illustrated here is for a DMRS type-1 extension but the same applies also to DMRS type-2 extensions.
This is easily extended to more than one additional DMRS symbol as illustrated in Table 3.
[bookmark: _Ref111196681][bookmark: _Ref111230706]Table 3 Combination of FD-OCC with length 4 and TD-OCC with over non-consecutive OFDM for up to 3 additional DMRS symbols to allow the receiver to decide whether to separate the DMRS ports in the frequency code domain (which is robust against doppler spread) or the time code domain (which is robust against delay spread). 
	Rel.18 DMRS port
	FD-OCC
	TD-OCC over non-consecutive DMRS symbols

	A
	[+1 +1 +1 +1]
	[+1 +1 +1 +1]

	B
	[+1 -1 +1 -1]
	[+1 +1 +1 +1]

	C
	[+1 -1 -1 +1]
	[+1 -1 +1 -1]

	D
	[+1 +1 -1 -1]
	[+1 -1 +1 -1]



Just as for the previous example the four ports can be separated using length-4 FD-OCC only. We don’t need to use TD-OCC at all. We will then get separate raw channel estimates for the all non-contiguous DMRS symbols as illustrated for DMRS type-1 extension in Figure 5and we will maintain robustness against doppler spread.
[image: ]
[bookmark: _Ref111198250]Figure 5 When length 4 FD-OCC is used to decode the DMRS signal, you sum over four consecutive DMRS REs in the frequency domain to separate ports and get one raw channel estimate. Thus, you get separate raw channel estimates for each DMRS symbol which gives good robustness against Doppler spread.
The two TD-OCC vectors [+1 +1 +1 +1] and [+1 -1 +1 -1] in Table 1 are sublength orthogonal over any two consecutive vector elements. Thus the receiver can use TD-OCC over any combination of two consecutive DMRS symbols to separate between the two groups of ports {A, B} and {C, D}. Together with length-2 FD-OCC we thus get raw channel estimates for as many time instances as there are additional DMRS symbols, as illustrated in Figure 6.
[image: ]
[bookmark: _Ref111198429]Figure 6 When length 2 FD-OCC is used together with TD-OCC over non-contiguous DMRS symbols to decode the DMRS signal, you sum over two consecutive DMRS REs in the frequency domain and over two consecutive non-contiguous DMRS symbols to separate ports and get one raw channel estimate. Thus, you get raw channel estimates only as many time instances as there are additional DMRS symbols. In the example of 3 additional DMRS symbols illustrated in the figure you get raw channel estimates for three time instances, one time instance for each color of dotted boxes in the figure. Summing over only two consecutive DMRS REs in the frequency domain gives good robustness against delay spread.
Since all three sets of FD-OCC vectors in Table 1 have the same sublength orthogonality properties they can all be combined with TD-OCC over non-contiguous DMRS symbols as described above. In the simulations we evaluate all three variants. We give results separately for the two decoding choices. In reality, the receiver would, however, select the best one based on estimated Doppler spread and delay spread. Hence the performance of the scheme is the maximum over the two decoding options.
TD-OCC over non-contiguous DMRS symbols is easily combined also with the existing TD-OCC over two consecutive symbols, simply by using two separate sets of TD-OCC vectors, one applied based on if a certain symbol is the first or the second of two consecutive symbols, and one vector applied based on whether a certain symbol is the 0’th, first, second or third additional DMRS symbol. The total weight applied to a DMRS RE would thus be a product of three weights, one for FD-OCC, one for TD-OCC over consecutive DMRS symbols and one for TD-OCC over non-contiguous DMRS symbols. 
2.2 Performance evaluation

In the following sections we compare the performance of Option 1, Option 3 and Option 5 using evaluations both without interference from co-scheduled UEs (i.e. SU-MIMO LLS) and with interference from other UEs according to Alt.3 from the agreement. Simulation setup can be found in Appendix 1.
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. 
In the simulation results we compare the channel estimation error for a target UE with different DMRS schemes with and without DMRS interference present. 
2.2.1 DMRS type 1 with no additional DMRS symbol
In section 2.2.1 we compare the impact of delay spread on DMRS with no additional DMRS symbols. A CDL-B channel with delay spread of 30ns and 300ns are compared for a UE speed at 3km/h. For option 1, there’re 3 alternatives being simulated: FD-OCC with length 4 cyclic shift, FD-OCC with length 6 cyclic shift and FD-OCC with length 4 Hadamard code. For option 3 the number of CDM groups is extended from 2 to 4. Legacy Type 1 DMRS is used as reference. 
2.2.1.1 Rank 1 without interference
Figure 7 illustrates the channel estimation error (CHEST) for option 1 and option 3. For small delay spread (30ns), the channel estimation error is almost the same for all schemes (as can be seen in the left plot). At low SNR ´comb4´, (Option 3) is slightly better, and at high SNR `focc_length6_cyclic` (Option 1 with FD-OCC length 6) is slightly worse than other methods. For large delay spread (300ns), ´focc_length6_cyclic´ becomes worse than the other methods at a low SNR value of 4 dB, and much worst at high SNR, as can be seen in the right plot. For an SNR of 16 dB, the CHEST for `focc_length6_cyclic` is 0.003, the CHEST for ´type1´ is 0.0005, and for remaining methods is 0.001.


[image: ]

[bookmark: _Ref111231795]Figure 7: Channel estimation error comparison

Figure 8 illustrates the throughput for Option 1 and Option 3 with delay spread of 30ns and 300ns. We can see similar trend in the plot to the right when delay spread is 300ns, that ´focc_length6_cyclic´ gives lower throughput than other methods from an SNR of 5 dB, same SNR value as shown in CHEST comparison where the performance starts to diverge. The throughput degradation at 18 dB comparing with ´type1´ is 14% for ´focc_length6_cyclic´ and 1% for remaining methods.

[image: ]
[bookmark: _Ref111231858]Figure 8: throughput comparison

Figure 9 shows block error rate (BLER) for 64 QAM of code rate 5/6. Again with large delay spread the `focc_length6_cyclic ` gives significantly higher BLER at higher SNR. For SNR of 18 dB, the BLER for `focc_length6_cyclic ` is 0.16, whereas for other methods the BLER is between 0.05-0.06, `focc_length6_cyclic ` gives 2 to 3 times higher BLER at higher SNR.

[image: ]
[bookmark: _Ref110945899]Figure 9: BLER of code rate 5/6



[image: ]
[bookmark: _Ref110983578]Figure 10: Different modulation schemes with 30ns delay spread

[image: ]
[bookmark: _Ref110983592]Figure 11: Different modulation schemes with 300ns delay spread
Figure 10 and Figure 11 show the impact on Raw bit error rate (BER), BLER and throughput when comparing the performance with different modulation schemes for delay spread of 30ns and 300ns correspondingly. For low delay spread of 30ns, with different modulation schemes, the Raw BER, BLER and throughput evaluation shows similar performance for all compared methods. The only noticeable observation is Raw BER evaluation shows minor degradation on ´focc_length6_cyclic´ at very high SNR. Then for high delay spread of 300ns, the Raw BER evaluation shows clear difference of the compared methods already at 1/2 code rate with QPSK. In BLER comparison, we can see the Raw BER impact on low code rate get mitigated with help of coding gain, therefore the difference of the compared methods is only shown at 64 QAM. Further in the throughput comparison plot, we can see minor differences in the compared methods that ´focc_length6_cyclic´ gives lower throughput. 
Figure 10 and Figure 11  also illustrate how the Raw BER performance impacts the BLER, and further impacts the throughput. The Raw BER and CHEST evaluations give initial estimate for the performance of different DMRS schemes.

[bookmark: _Toc111236422]For Option1 alternatives: FD-OCC length 6 shows worse performance than length 4 for CDL-B with 300ns delay spread.
[bookmark: _Toc111236423]Option1 FD-OCC length 4 and Option3 ´comb4´ show similar performance for different delay spreads.

As we understand from this section, the CHEST and throughput represents the initial and final performance characteristics of a DMRS scheme, and the Raw BER and BLER performance are the intermediate steps, only the CHEST and throughput evaluations are compared in the following sections. 

2.2.1.2 Rank 1 with interference
In Figure12 and Figure13 we compare the performance of Option 1 and Option 3 with impact of DMRS interference from all unused DMRS ports and the corresponding data TX layers. Each of the 7 unused DMRS ports and the corresponding data layers interfere with X dB lower power than the studied DMRS port, where the power compression X is varied. Note that for legacy type 1 there are only 3 interfering ports, making comparisons with legacy unfair.
From both figures, we can see that the interference reduces the difference in throughput between different DMRS extension methods. At large interference there is no difference in throughput. Though some differences are seen in CHEST error, they don’t result in throughput differences.
[image: ]
[bookmark: _Ref110982298]Figure 12 Type 1 extension with interference and 30ns delay spread


[image: ]
[bookmark: _Ref110982642]Figure 13 Type 1 extension with interference and 300ns delay spread

[bookmark: _Toc111236424]Interference reduces the difference in throughput between different DMRS extensions.
2.2.2 DMRS Type 1 extensions with one additional DMRS symbols
In this section the performance of DMRS Type 1 extensions at higher speed is compared.
In the simulation we compare the performance for Option1, Option3 and Option5. For Option1 and Option3 we use the same methods as described in previous section except that number of additional DMRS symbols is one. For Option 5, additional DMRS symbol(s) is applied with TD-OCC. We denote Option5, TD-OCC on additional DMRS symbol(s), as A-OCC. In the evaluated methods the A-OCC is combined with 3 FD-OCC alternatives of Option1. Then dependent on if receiver algorithms utilize the A-OCC property or not, A-OCC methods further includes 2 receiver side assumptions: A-OCC used by RX, A-OCC not used by RX. Therefore 6 alternative methods are compared for A-OCC: 
´focc_length4_cyclic_aocc_real´, ´focc_length4_real_aocc_real´, ´focc_length6_cyclic_aocc_real´, ´focc_length4_cyclic_aocc_real´ A-OCC used by RX, ´focc_length4_real_aocc_real´ A-OCC used by RX, ´focc_length6_cyclic_aocc_real´ A-OCC used by RX.
One should note that in reality the receiver will decide whether to use the A-OCC property or not based on estimated Doppler spread and delay spread. The resulting performance will then be the best performance of the two receiver alternatives.
In the following the 6 alternative methods of Option5, 3 alternative methods of Option1, Option3 and legacy Type 1 DMRS are compared for the performance of CHEST and throughput under different channel conditions for CDL-B:  delay spread of 30ns and velocity of 3km/h, delay spread of 300ns and velocity of 3km/h, delay spread of 30ns and velocity of 30km/h.
2.2.2.1 Rank 1 without interference


[image: ]
[bookmark: _Ref111114311]Figure 14: CHEST comparison with one additional DMRS symbols

Figure14  shows CHEST performance for the compared methods. We can see for 300ns and 3km/h, the plot in the middle, methods with A-OCC used by RX give best performance for Type 1 DMRS extension. For 30ns and 30km/h, the best performance is achieved by ´focc_length4_cyclic_aocc_real´, ´focc_length4_real_aocc_real´, ´focc_length6_cyclic_aocc_real and ´comb4´.

[image: ]
[bookmark: _Ref111114332]Figure 15: throughput comparison with one additional DMRS symbols
From Figure15 on throughput comparison, we can also see Option5 methods with A-OCC used by RX gives better performance than Option1 and Option3 methods for the plot in the middle where channel condition is 300ns delay spread. For the plot to the right, we can see Option5 without A-OCC used by RX gives better performance when the UE velocity is at 30km/h.

[bookmark: _Toc111236425]Option5 methods provide better performance than Option1 for CDL-B with 300ns delay spread and UE-speed 3km/h while the same performance as for Option 1 is achieved for CDL-B with 30ns delay spread and UE speed 3km/h or 30km/h .

2.2.2.2 Rank 1 with interference
In Figure16, Figure17 and Figure18 we compare the performance of Option 1 ,Option 3 and Option 5 with impact of DMRS interference from all unused DMRS ports and the corresponding data TX layers. Each of the 7 unused DMRS ports and the corresponding data layers interfere with X dB lower power than the studied DMRS port, where the power compression X varies. Note for legacy type 1 there are only 3 interfering ports, making comparisons with legacy unfair.
From these figures, we can draw similar conclusion as in section 2.1.1.2, that the interference reduces the difference in throughput between different DMRS extension methods. 


[image: ]
[bookmark: _Ref110985734]Figure 16 Type 1 extension with 30ns delay spread and 3kmph velocity


[image: ]
[bookmark: _Ref110985742]Figure 17 Type 1 extension with 300ns delay spread and 3kmph velocity


[image: ]
[bookmark: _Ref110985745]Figure 18 Type 1 extension with 30ns delay spread and 30kmph velocity


2.3 Discussion on benefit of possible enhancement
Here we share our views on different extension schemes and enhancement for DMRS. 
In our view the most important use case for extending DMRS ports is to allow co-scheduling of more UEs for MU-MIMO. In this use-case quite high levels of interference from the co-scheduled UEs would be expected. The simulation results show that interference reduce the differences seen in performance between the different extension methods. We therefore think that we should not only consider the performance differences but also some other aspects of the proposed extension schemes, such as backwards compatibility properties and orphan RE issues.
The simulations do, however, show one thing very clearly. The use of TD-OCC over non-contiguous DMRS symbols in combination with longer FD-OCC (option 5) gives clear gains and no losses compared to using only FD-OCC. For channels with large delay spread (300ns), F-OCC with A-OCC (i.e. Option 5) gives smaller channel estimation error compared to only using FD-OCC (Option 1) or FDM (Option 3).  Since the combination of TD-OCC with FD-OCC is very simple and doesn’t result in negative side effects we think it should be adopted.
[bookmark: _Toc111236436]The use of TD-OCC over non-contiguous DMRS symbols in combination with longer FD-OCC (option 5) should be adopted.
[bookmark: _Hlk111217547]We also note that there is no performance difference at all between using real valued length-4 FD-OCC codes (i.e. Hadamard codes) and using cyclic length-4 FD-OCC codes. The only difference between the two codes is thus that the cyclic code allows for FFT based decoding while the real Hadamard code does not. In a choice between these two codes the cyclic shift based code should therefore be selected to allow FFT based decoding.
[bookmark: _Toc111236426]There is no performance difference at all between using real valued length-4 FD-OCC codes (i.e. Hadamard codes) and using cyclic length-4 FD-OCC codes. The only difference between the two codes is thus that the cyclic code allows for FFT based decoding while the real Hadamard code does not. In a choice between these two codes the cyclic shift based code should therefore be selected to allow FFT based decoding.
We can also observe that for a delay spread of 300ns, FD-OCC length 4 gives smaller channel estimation error than FD-OCC length 6. This is expected since a length 6 FD-OCC code spans a larger frequency band then FD-OCC length 4, and hence is more sensitive to delay spread (i.e. smaller coherency bandwidth). When taking interference into account the difference between the two schemes is, however, diminished. For reasonable levels of interference, the difference in fact becomes very small. It therefore makes sense to consider also other aspects when making the choice between these two alternatives.
Length-6 FD-OCC has no orphan issues and very good backwards compatibility properties. In the uplink legacy UEs and new UEs can be co-scheduled without any restrictions on port-usage. All ports can anyhow be separated by the gNB by using length-6 F-OCC decoding also for the legacy UEs.
Length-4 FD-OCC has also has good backwards compatibility properties, but not as good as length-6 FD-OCC. Legacy UEs and new UEs can be co-scheduled, but scheduling of one legacy port will always block the usage of two new ports. 
To understand this backwards compatibility property, we note that due to the OCC lengths of 2 in legacy design, all the orthogonal dimensions are already explored for legacy UEs. However, if an OCC of length 4 is introduced, a legacy ports is still orthogonal to some of the ports defined using OCC of length 4. 
To use a common terminology for this discussion, the following definition is proposed:
Definition: If two orthogonal vectors  and    ( of sequence length N are orthogonal over every K sequence parts of length N'<N (where N=N’*K), i.e.,   then the vectors  and   are said to be super-orthogonal. 
For example, the OCC  is partly orthogonal to the longer OCC vector  and hence vector   and  are said to be super-orthogonal. 
By this definition, we can then make the following observation to guide the design of the Rel.18 DMRS. A legacy DMRS has a FD-OCC of length 2 and a new Rel.18 DMRS then may have an FD-OCC of length 4, it means that for some Rel.18 DMRS ports, there is a super-orthogonal property with the legacy DMRS that allows MU-MIMO co-scheduling.
[bookmark: _Toc111236427]Some of the FD-OCC length 4 ports can be designed to be super-orthogonal to legacy DMRS ports and this allows MU-MIMO scheduling between a Rel.18 DMRS port and a legacy DMRS port. 
Because of the good backward compatibility of FD-OCC extension, also because it’s good performance at large delay spread which could be typical channel condition for multi-TRP scenario, we think FD-OCC extension can be supported in Rel-18. With a careful design of FD-OCC extension antenna port table, FD-OCC can have very small impact on legacy UE and can be co-scheduled with legacy UE.
[bookmark: _Toc111137568][bookmark: _Toc111236437]Support FD-OCC extension with length 4 or length 6 cyclic shift OCC, combined with TD-OCC over non-contiguous DMRS symbols.
[bookmark: _Toc111236438]Study the design of antenna port table for FD-OCC of length 4 or length 6 cyclic shift OCC, combined with TD-OCC over non-contiguous DMRS symbols.
The FDM scheme has very similar performance as length-4 FD-OCC. The FDM scheme does, however, have limitations on co-scheduling with legacy DMRS type because the DMRSs are using different REs in frequency domain. 


2.4 Dynamic Switching
As we’ve showed in the evaluations, SU-MIMO rank1 with legacy DMRS type outperforms the extension DMRS type at high SNR. This is aligned with theoretical understanding as extension methods extends either the coding dimension or the frequency dimension: for extended FD-OCC length, the phase difference become half of the legacy DMRS type, and for FDM the DMRS become sparser in frequency domain. These enhancements come at the price of reduced channel estimation performance, since the effective DMRS density is reduced (defined as usual with the number or RE/RB per port). The severity of this performance degradation however depends on the channel properties and the used channel estimation algorithm. 
[bookmark: _Toc111236428] SU-MIMO rank1 with legacy DMRS type outperforms the extension type at higher SNR.
Since per user throughput performance degrades with the extended DMRS type compared to legacy DMRS type, we believe the Rel-18 extended DMRS type should only be used when there is a need for more orthogonal DMRS ports than can be supported by legacy type I and type II DMRS, e.g. when there are too many users to be scheduled simultaneously for MU-MIMO. 
As the traffic varies rapidly, even from slot to slot, the required number of orthogonal DMRS ports also varies over different slots. Hence, we observe that there is a need to dynamically switch between legacy DMRS and new Rel.18 DMRS.
For a single UE, the radio channel varies over time and frequency, and DMRS density need to be selected with this in mind. DMRS density in the time dimension needs to be high enough to handle the Doppler spread of the channel, while DMRS density in the frequency dimension needs to take delay spread and hence channel frequency selectivity into account. For a given Doppler spread, the channel estimation will only provide good performance up to a certain interpolation distance in time. Hence, if the DMRS pattern is too sparse in time, the overall estimation error will be large. The number of additional DMRS symbols needed to achieve good throughput performance hence depends on the Doppler spread. The Doppler spread is proportional to the carrier frequency, fc, and to the relative UE speed v/c, and reflects the time-variations of the radio channel. The frequency-selectivity is proportional to the channel delay spread and reflects the amount of variations in the frequency response of the radio channel. In scenarios with higher Doppler spreads, DMRS needs to be transmitted more frequently in time and radio channels with larger delay spreads require a denser DMRS pattern in the frequency-domain. The same holds true for frequency offsets/errors for UL. The large variation in channel properties and signal-to-noise ratio makes it beneficial to utilize different DMRS densities depending on the current channel conditions. The DMRS density includes coding domain, frequency domain and time domain. In our view, Rel-18 shall provide a toolbox to maximize the SU-MIMO and MU-MIMO performance by support dynamically switching between legacy and extended DMRS types. 
[bookmark: _Toc111137563][bookmark: _Toc111236429]The MU-MIMO performance is dependent on co-scheduling ability of the UEs, i.e. how flexible UE can switch to different DMRS densities and can be co-scheduled with other UEs. 
[bookmark: _Toc111137564][bookmark: _Toc111236430]Support dynamic switching between different FD-OCC lengths, FDM densities and number of additional DMRS symbols will improve performance for both SU-MIMO and MU-MIMO.

 

2.4.1 Dynamic switching on different number of additional DMRS symbols
In order to emphasis the gain on dynamically switching on different number of additional DMRS symbols, we compare the performance of 0 and 1 additional DMRS symbol at UE velocity of 3km/h and 30km/h in Figure 19. The plot to the left is legacy Type 1; the plot to the right is Type 1 extension with FD-OCC length 4. In both plots we observe similar throughput impact from SNR when different UE velocity and number of additional DMRS symbols are applied. For 3km/h, 0 additional DMRS (blue solid lines) is optimal and gives better performance than using 1 additional DMRS (red solid lines); and for 30km/h, 1 additional DMRS (red dashed lines) gives much better throughput at SNR of 3 dB than 0 additional DMRS (blue dashed lines).
[image: ][image: ]
[bookmark: _Ref111235194]Figure 19 Performance for 0 and 1 additional DMRS symbols at 3kmph and 30kmph velocity 


[bookmark: _Toc111236431]At lower velocity, 0 additional DMRS symbol gives higher throughput than 1 additional DMRS symbol; at media velocity, 0 additional DMRS symbol gives very poor throughput.

This observation is aligned with following explanation: for a given Doppler spread, the channel estimation will only provide good performance up to a certain interpolation distance in time. Hence, if the DMRS pattern is too sparse in time the overall estimation error will be large. The number of additional DMRS symbols needed to achieve good throughput performance depends on the Doppler spread. The optimal number of additional DMRS symbols, in the sense of achieving maximum throughput, depends on both the Doppler spread and SNR of the channel, as well as the overhead of the DMRS itself. If optimal number of additional DMRS symbols can be dynamically switched as doppler spread and SNR vary, the gain could be beneficial for improving the throughput, which can be much larger than switching between legacy and extended DMRS types being observed from 2.1.1.1 and 2.1.2.1.
[bookmark: _Toc111236432]Dynamic switching between different number of additional DMRS symbols can achieve even larger gain than dynamic switching between legacy and extended DMRS types.

In Rel-15 for legacy DMRS type, when the configuration for single or double DMRS symbols “maxlength” is configured, 1 or 2 frontloaded DMRS symbols can be indicated dynamically to the UE. One of the reasons to support dynamic switching between single or double DMRS is to ensure the co-scheduling of UEs being possible. The co-scheduling UEs may vary from slot to slot, dynamic switching between 1 or 2 frontloaded DMRS symbols improves resource utilization. It means some of the UEs from Rel-15 have already implemented dynamic switching on different number of consecutive DMRS symbols.  

[bookmark: _Toc111236433]Dynamic switching on different number of consecutive DMRS symbols is already supported in Rel-15.

In a real network a UE may frequently change its velocity. Instead of using double DMRS symbols to mitigate doppler effects at high speeds, adapting the number of single additional DMRS symbols will save DMRS overhead. For low velocity, 0 or 1 additional DMRS symbols can be used, and for velocity higher than 50 km/h, 1 or 2 additional DMRS symbols can be used. 

[bookmark: _Toc111236434] Dynamic switching between different number of additional (non-consecutive) DMRS symbols requires less overhead.

For Rel-18 DMRS enhancement, supporting multiple UEs with different velocity and less overhead can be achieved by dynamically switching between different number of additional DMRS symbols. Dynamic switching between different number of additional DMRS symbols can provide performance gain for both legacy DMRS and other Rel-18 DMRS extensions.

[bookmark: _Toc111236439]Study how to support dynamic switching between different number of additional DMRS symbols in Rel-18.

2.4.2 Dynamic switching for FD-OCC extension
For FD-OCC extension, antenna port table for legacy can be reused and extended to contain both Rel-15 and Rel-18 DMRS ports. E.g. for single-symbol DMRS, legacy antenna ports using antenna ports 1000-1003, the FD-OCC extension antenna ports can use antenna ports 1004-1011. This different numbering of antenna port can simplify UE implementation, because a UE supporting the new extended type can reuse its implementation for the existing type, only a few new rows using new antenna ports need to be added to the existing table. It is also beneficial for backward compatibility of legacy DMRS-Types because UE can switch between the legacy and extension DMRS types via indicated rows from antenna port table by DCI.  
[bookmark: _Toc111236440]For FD-OCC extension, use antenna port numbering different from legacy. 
[bookmark: _Toc111236435]For FD-OCC extension, dynamic switching can be achieved by extending the antenna port table on legacy antenna port table. 
[bookmark: _Toc111236441]For FD-OCC extension, extends the antenna port table based on legacy antenna port table.
2.5 The Orphan RE issue
For DMRS Type 1 both the frequency domain solution (going from comb 2 to comb 4) and the code domain solution (going from length 2 codes to length 4 codes) leads to FD-OCC being applied across adjacent RBs. At the edge of the scheduling bandwidth this may also result in use of fractional OCC codes (not all 4 samples are transmitted), here discussed as orphan DMRS REs as illustrated in Error! Reference source not found.. How to handle this issue, for the Options that have it, should be investigated. 

[image: ]
Figure 20 Extending FD-OCC to length 4 for Type 1 DMRS result in FD-OCC being applied across adjacent RBs. At the scheduling edge it may also result in ‘orphan DMRS REs’. The same problem arises also when going from comb 2 to comb 4 for Type 1 DMRS.
We thus make the following proposal:
[bookmark: _Toc111236442]Study solutions and options for Rel.18 DMRS options that creates an issue with Orphan REs, i.e., when the edge of the scheduling bandwidth result in use of fractional length FD-OCC code.


2.6      8 Tx UL SU-MIMO
We do not see a need for a new DMRS design (i.e. as described in TS38.211) to support 8 Tx UL SU-MIMO. However, the antenna port tables and the mapping between PTRS and DMRS ports need to be updated, hence we propose:
[bookmark: _Toc102137988][bookmark: _Toc102150922][bookmark: _Toc111236443]Study antenna port tables and PTRS to DMRS port mapping to support 8 Tx UL SU-MIMO.



Conclusion
In the previous sections we made the following observations: 
Observation 1	For Option1 alternatives: FD-OCC length 6 shows worse performance than length 4 for CDL-B with 300ns delay spread.
Observation 2	Option1 FD-OCC length 4 and Option3 ´comb4´ show similar performance for different delay spreads.
Observation 3	Interference reduces the difference in throughput between different DMRS extensions.
Observation 4	Option5 methods provide better performance than Option1 for CDL-B with 300ns delay spread and UE-speed 3km/h while the same performance as for Option 1 is achieved for CDL-B with 30ns delay spread and UE speed 3km/h or 30km/h .
Observation 5	There is no performance difference at all between using real valued length-4 FD-OCC codes (i.e. Hadamard codes) and using cyclic length-4 FD-OCC codes. The only difference between the two codes is thus that the cyclic code allows for FFT based decoding while the real Hadamard code does not. In a choice between these two codes the cyclic shift based code should therefore be selected to allow FFT based decoding.
Observation 6	Some of the FD-OCC length 4 ports can be designed to be super-orthogonal to legacy DMRS ports and this allows MU-MIMO scheduling between a Rel.18 DMRS port and a legacy DMRS port.
Observation 7	SU-MIMO rank1 with legacy DMRS type outperforms the extension type at higher SNR.
Observation 8	The MU-MIMO performance is dependent on co-scheduling ability of the UEs, i.e. how flexible UE can switch to different DMRS densities and can be co-scheduled with other UEs.
Observation 9	Support dynamic switching between different FD-OCC lengths, FDM densities and number of additional DMRS symbols will improve performance for both SU-MIMO and MU-MIMO.
Observation 10	At lower velocity, 0 additional DMRS symbol gives higher throughput than 1 additional DMRS symbol; at media velocity, 0 additional DMRS symbol gives very poor throughput.
Observation 11	Dynamic switching between different number of additional DMRS symbols can achieve even larger gain than dynamic switching between legacy and extended DMRS types.
Observation 12	Dynamic switching on different number of consecutive DMRS symbols is already supported in Rel-15.
Observation 13	Dynamic switching between different number of additional (non-consecutive) DMRS symbols requires less overhead.
Observation 14	For FD-OCC extension, dynamic switching can be achieved by extending the antenna port table on legacy antenna port table.


Based on the discussion in the previous sections we propose the following:
 
Proposal 1	The use of TD-OCC over non-contiguous DMRS symbols in combination with longer FD-OCC (option 5) should be adopted.
Proposal 2	Support FD-OCC extension with length 4 or length 6 cyclic shift OCC, combined with TD-OCC over non-contiguous DMRS symbols.
Proposal 3	Study the design of antenna port table for FD-OCC of length 4 or length 6 cyclic shift OCC, combined with TD-OCC over non-contiguous DMRS symbols.
Proposal 4	Study how to support dynamic switching between different number of additional DMRS symbols in Rel-18.
Proposal 5	For FD-OCC extension, use antenna port numbering different from legacy.
Proposal 6	For FD-OCC extension, extends the antenna port table based on legacy antenna port table.
Proposal 7	Study solutions and options for Rel.18 DMRS options that creates an issue with Orphan REs, i.e., when the edge of the scheduling bandwidth result in use of fractional length FD-OCC code.
Proposal 8	Study antenna port tables and PTRS to DMRS port mapping to support 8 Tx UL SU-MIMO.


[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref174151459][bookmark: _Ref189809556] 


Appendix 1:
The following evaluation assumptions have been used for the LLS reported in this contribution. 
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, OFDM 


	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-B in TR 38.901


	Delay spread 
	30ns, 300ns 


	UE velocity 
	3km/h, 30km/h 

	Allocation bandwidth 
	20MHz 


	MIMO scheme 
	MU-MIMO SU-MIMO 

	BS antenna configuration 
	16 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 


	UE antenna configuration 
	2RX: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ


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

	UE number for MU-MIMO 
	We populate all DMRS ports that are not used by the UE studied. For type-1 extensions using single frontloaded DMRS and rank-1 transmission this means that there are 7 interfering ports and 7 corresponding interfering data layers. This may be interpreted e.g. as 4 UEs where 3 UEs use rank-2 and one UE use rank-1. For type-2 extensions using single frontloaded DMRS and rank-1 transmission this means that there are 11 interfering ports and 11 corresponding interfering data layers. This may be interpreted e.g. as 8 UEs where 3 UEs use rank-2 and five UEs use rank-1.    

	Precoding and precoding granularity 
	For PDSCH: CSI codebook based sub-band precoding (with 4PRB precoding granularity) on ideal CSI feedback. 

For PUSCH: Not simulated. 

	Feedback delay for precoding 
	5ms 

	DMRS type 
	Several alternatives for both type 1 and type 2 extensions as described in the main text.

	DMRS configurations 
	Single symbol DMRS without additional DMRS symbols.
Single symbol DMRS with 1 additional DMRS symbol.

	DMRS mapping type 
	Mapping type A (slot based)


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

	HARQ 
	Off 

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

	Receiver type 
	MMSE

	EVM 
	No radio impairments  



Appendix 2:
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
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  


 
Agreement
For SLS assumption for increasing DMRS ports in AI 9.1.3.1 in Rel.18, 
· Scenario: Dense Urban (Macro only) at 4GHz is a baseline. Other scenarios (e.g. Umi, Uma) are not precluded. 
· Following evaluation assumptions are used for SLS. 
	Parameter 
	Value 

	Scenario 
	Dense Urban (macro only) 

	Carrier frequency 
	4GHz 

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

	Multiple access  
	OFDMA  

	Frequency Range 
	FR1 only. 

	Inter-BS distance 
	200 m  

	Channel model 
	According to the TR 38.901  

	Antenna setup and port layouts at gNB 
	Companies 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. 

	Antenna setup and port layouts at UE 
	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 configurations are not precluded. 

	BS Tx power  
	41 dBm for 10MHz, 44dBm for 20MHz, 47dBm for 40MHz 

	BS antenna height  
	25 m  

	BS noise figure 
	5 dB 

	UE noise figure 
	9 dB 

	UE antenna height & gain 
	Follow TR36.873  

	Modulation  
	Up to 256 QAM 

	Coding on PDSCH 
	LDPC 
Max code-block size=8448bit 

	Numerology 
	Slot/non-slot  
	14 OFDM symbols per slot 

	
	SCS  
	30 kHz  

	Simulation bandwidth  
	20 MHz 

	Number of RBs 
	52 for 30 kHz SCS 

	Frame structure  
	Slot Format 0 (all downlink) for all slots 

	MIMO scheme 
	SU/MU-MIMO with rank adaptation is a baseline  
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed  
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers 
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12) 

	CSI feedback 
	Feedback assumption at least for baseline scheme 
CSI feedback periodicity (full CSI feedback): 5 ms,  
Scheduling delay (from CSI feedback to time to apply in scheduling): 4 ms 

	Overhead 
	Companies shall provide the downlink overhead assumption 

	Traffic model 
	Baseline: FTP1 with 50% Resource Utilization 
Optional: Full buffer 

	UE distribution 
	[80%] indoor (3km/h),  
[20%] outdoor (30km/h) 

	UE receiver 
	MMSE-IRC as the baseline receiver 

	Feedback assumption   
	Realistic 

	Channel estimation      
	Realistic 



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
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
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
For LLS assumptions for increasing DMRS ports in AI 9.1.3.1 in Rel.18: 
· Precoding assumption of PUSCH, “[ZF or SVD]” in RAN1#109e agreement is updated by 
· Alt.2-2: SVD 
 
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. 
 
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. 

Agreement
For LLS assumptions for increasing DMRS ports in AI 9.1.3.1 in Rel.18: 
· Precoding assumption of PDSCH, “[ZF or SVD]” in RAN1#109e agreement is updated by SVD. 
 
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. 
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