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Introduction
RAN1#97 discussed at length whether two step RACH should support DMRS with different scrambling in a PUSCH occasion (PO), but a decision was not reached in part due to a lack of sufficient simulation results. In this contribution, we provide link and system simulations on the performance of 2-step RACH with and without different scrambling in a PO.  

The link level simulations address the case where different numbers of POs are available to UEs randomly selecting the POs and their corresponding DMRSs. This random selection of resources is essential to properly evaluate DMRS with and without scrambling, since selecting from a small number of DMRS ports can lead to DMRS collision and therefore BLER flooring, and its impact can be clearly seen in these link simulations.  

On the other hand, the loss of orthogonality in differently scrambled ports will degrade channel estimation.  While this is also captured in the link simulations in a basic way, system level simulations are needed to capture near-far power differences that can substantially degrade differently scrambled DMRS, while also addressing the probability of such collisions by taking system load into account.

Given the results of these link and system simulations, we then draw conclusions and make corresponding proposals.
Link level simulations

For msgA transmission in 2-step RACH operation, both the PRACH and the PUSCH are time multiplexed at the UE. In order to focus on the details of PUSCH independent of PRACH configuration, this contribution assumes that the PRACH has been successfully detected at the gNB. Furthermore, the PUSCH decoding performance with a small PUSCH payload is studied, as this is the most generic mode of operation. The simulations are done for varying values of 
· the number of scrambling initializations, 
· the number of PRB groups,  
· the number of UEs.
The figures in this section compare the PUSCH-BLER performance against the SNR. This SNR value in the simulations is normalized such that on the linear scale

i.e., the SNR is normalized w.r.t. the number of PRB groups (or the occupied number of subcarriers). The normalizing factor in the denominator ensures that the total energy within a slot remain fixed even if number of PRB groups change. All the UEs are assumed to have the same normalized SNR. The number of occupied PRBs for PUSCH transmission is given by . 

Relative random delay among the UEs is assumed, where the random arrival times at the gNB are uniformly distributed to within 0.3 of the cyclic prefix length. Realistic channel estimation is used. The mapping between the PRACH preamble indices and the PUSCH PRUs is included, where a preamble identifies both the scrambling sequence initialization and the DMRS port used in a PO. Other simulation assumptions are mentioned in Table 1 of the Appendix. 
Figure 1 shows the BLER performance for varying values of the number of UEs, the number of different scrambling initializations (scrambling-IDs) and the number of PUSCH Occasions. As expected, the performance varies with a change in these parameters. Also, an error floor with increasing SNR is observed in all the plots due to UE collisions. 
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[bookmark: _Ref16762516]Figure 1: Mean PUSCH-BLER vs SNR [dB]. #scrambling initializations (labelled as #NIDs) = {1,2,64}. 
#PUSCH Occasions (labelled as #POs) = {1,2,6,12}.  (left) #UEs=2. (right) #UEs=4.
For the considered setup, the error floors in the 2 UE case range from about 1% to 15%, while for the 4 UE case range from about 2% to 30%. The effect of flooring is greatest when there are fewer available PUSCH POs for a given number of scrambling-IDs. Also, for varying PO sizes (including the single PO case), the error floor is significantly lowered with increasing number of scrambling-IDs. This shows that UE collisions in a PO can be reduced by having a higher number of different scrambling initializations. 

When the number of scrambling-IDs change from 1 to 2 at each user, the BLER floor is lowered. With 2 UEs, the BLER floor reduces from about 12% to 6% when the number of POs is 1 and from about 6% to 3% with 2 POs. A similar trend is observed in the case of 4 UEs where the BLER floor is reduced from about 30% to 18% when the number of POs is 1 and from about 18% to 9% with 2 POs. With fewer POs (1 and 2 in this case), the BLER performance considerably worsens when there is only one scrambling-ID across all the UEs. This emphasizes the importance of having more POs and/or at least two scrambling-IDs

Note that these comparisons are somewhat artificial, since the number of UEs served on a carrier should increase if the number of POs are increased for a given spectral efficiency. To specifically study the benefits of increased number of POs at a given spectral efficiency, additional results are needed with the same average number of UEs per PO. In such a study, the number of UEs colliding within a PO would not drop with the number of POs, and any effect such as DMRS port collision or orthogonality loss from scrambling attributable to the number of POs will be better captured for a given spectral efficiency.

Observations: 
· At least for when UEs have equal power, differently scrambled DMRS can outperform orthogonal DMRS when there is an insufficient number of DMRS ports, which leads to DMRS collision.
· For a given number of PRBs per msgA PUSCH, more POs are required to lower the PUSCH BLER floor when the number of scrambling sequence initializations is insufficient.
System level simulations

The relative performance of using one scrambling sequence initialization with orthogonal DMRS ports to multiple sequence initialization and non-orthogonal DMRS ports depends on the number and strength of the interfering msgA PUSCHs. Stronger interferers will degrade differently scrambled DMRS significantly more than weaker ones, as shown in [1]. On the other hand, if there are only a few orthogonal DMRS ports, then even a small number of UEs’ PUSCHs could relatively frequently have the same port, and therefore either or both PUSCHs may be undecodable. Therefore, it is important to study the tradeoffs of orthogonality available with a single scrambling sequence initialization versus the increased number of distinct DMRS resources from multiple scrambling sequence initializations at the system level.
In Figure 3 to Figure 5, we consider where UEs randomly dropped within the system and select a PO and a DMRS.  There are 1, 4, 8, or 16 POs with 12, 4, 2, or 1 PRBs per PO, respectively.  Two different power control targets are used, with P0= -90 and P0=-110.  DMRS configurations with 4 and 8 orthogonal ports use one scrambling initialization.  For the cases with different scrambling, most use 4 DMRS ports, where scrambling on each port is scrambled with 8, 16, or 64 different initializations per PO.  Different scrambling is used for 8 antenna ports as well, where two scrambling IDs are used with each antenna port.  The DMRS port – scrambling combinations are mapped to 64 preambles, and the UE selects one of the preambles to determine the corresponding DMRS.  In cases where there are fewer DMRS than 64 over all POs, then more than one preamble maps to a DMRS.  For example, when 4 POs are used with 8 orthogonal ports, 2 preambles map to each port.  
UEs are dropped uniformly in the system, and the BLER is calculated for each UE in a given ‘drop’ of UEs. The 5%-ile worst UEs’ BLER is plotted against the number of UEs in the drop per slot.  Each transport block has 72 bits, and the gNB has 4 receive antennas.  A UMi scenario is simulated.  Additional simulation assumptions are given in Table 2 in the Appendix.
We first consider the case where higher power control targets are used. From Figure 3, it can be seen that while increasing the number of POs improves the capacity for the multiple scrambling initialization cases, this is not necessarily true for the single scrambling initialization case.  For example, at around 1 UEs/slot the BLER for the scrambling cases drops steadily from about 80% to 10% while going from 1 to 8 POs.  However, using 4 orthogonal ports with 16 POs has similar performance at around 10% BLER and below to 8 ports with 8 POs, implying that having a similar number of orthogonal resources (ports and POs) drives the performance more than the number of POs in the orthogonal port case.
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[bookmark: _Ref16774315]Figure 3: System level BLER vs. load for scrambling and orthogonal ports, P0=-90
Then considering the curves in Figure 4 with the lower P0=-110 setting, the opposite behavior from the P0=-90 setting is seen: fewer POs with higher numbers of PRBs per PO consistently outperform greater numbers of POs.   For example, at around 2.5 UEs/slot the BLER increases from about 10% to 40% while going from 1 PO to 8 POs with multiple scrambling initializations.  When fewer POs are used with multiple scrambling initializations, the DMRS collision probability can still be low.  The larger number of PRBs from having fewer POs then leads the power control to increase the transmitted power, compensating for the lower target.  Since power control is used for more UEs with the lower target, there are fewer strong interferers, and MMSE-IRC can be more effective.  These effects taken together then allow better performance for scrambling than for orthogonal antenna ports when low power control targets are used. 
The relative behavior of ports and different scrambling is also different at this lower power control setting.  We see that multiple scrambling initializations outperform purely orthogonal DMRS ports for the larger PO sizes: the 4 and 12 PRB differently scrambled configurations outperform the orthogonal port cases, by an especially large amount in the 12 PRB case. We also note that 8 ports with two different scrambling sequences provides somewhat better performance than 16 different scrambling initializations.
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[bookmark: _Ref16781076]Figure 4: System level BLER vs. load for scrambling and orthogonal ports, P0=-110
Then comparing the best conditions where orthogonal ports are used to the best conditions for when scrambling is used in Figure 5, we see that 8 orthogonal ports with 8 POs and P0=-90 has similar performance at roughly 10% BLER and 1.5 UEs per slot to scrambling with 4 POs and 4 PRBs.  Four POs with 8 ports and 2 scrambling initializations and PO=-110 is somewhat better still.  The 1 PO, 12 PRB/PO case with scrambling is also substantially better than the 8 orthogonal port case at 10% BLER, supporting 2.4 users, or a 60% better capacity.  We note that this is a pessimistic gain for scrambling, since only 12 PRBs are used vs. the 16 used for the 4 orthogonal port case.
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[bookmark: _Ref16780970]Figure 5: System level BLER vs. load for scrambling and orthogonal ports: best performing configurations
Observations:
· Orthogonal port operation is generally enhanced by maximizing the number of POs, and using a higher power control target
· Smaller POs reduce the number of inter-cell interferers per PO, allowing MMSE-IRC to function better.
· Also, using a large number of POs allows the use of orthogonal DMRS.
· This allows the MMSE-IRC to tolerate larger power differences when a small number of UEs are in a PO.
· Differently scrambled ports operate better when relatively few POs are used with lower power control targets.
· Scrambling generally has more unique DMRS, and so can operate with fewer POs.
· More power control (with lower targets) allows better MMSE-IRC performance, since interferers are more at equal power.
· Coding gain also increases with the number of PRBs.
· Under the conditions studied, differently scrambled ports tend to have the best overall performance
· With P0=-110, scrambling provided roughly 70% more capacity at 95% coverage with less occupied bandwidth compared to 8 orthogonal ports with P0=-90.
· If both scrambling and orthogonal ports use a P0=-90, orthogonal ports consistently outperform scrambling.
Proposal:
· At least support differently scrambled DMRS ports among msgA PUSCHs.
· Orthogonal DMRS operation can also be supported.
· Further study details of DMRS configurations to support, including the number of different scrambling initializations.
Conclusions
In this contribution, we provided link and system level simulations on the performance of 2-step RACH with and without different scrambling in a PO. The simulations addressed the case where different numbers of POs are available to UEs randomly selecting the POs and their corresponding DMRSs. We made the following observations:
Link level observations:
· At least for when UEs have equal power, differently scrambled DMRS can outperform orthogonal DMRS when there is an insufficient number of DMRS ports, which leads to DMRS collision.
· For a given number of PRBs per msgA PUSCH, more POs are required to lower the PUSCH BLER floor when the number of scrambling sequence initializations is insufficient.

System level observations:
· Orthogonal port operation is generally enhanced by maximizing the number of POs, and using a higher power control target
· Smaller POs reduce the number of inter-cell interferers per PO, allowing MMSE-IRC to function better.
· Also, using a large number of POs allows the use of orthogonal DMRS.
· This allows the MMSE-IRC to tolerate larger power differences when a small number of UEs are in a PO.
· Differently scrambled ports operate better when relatively few POs are used with lower power control targets.
· Scrambling generally has more unique DMRS, and so can operate with fewer POs.
· More power control (with lower targets) allows better MMSE-IRC performance, since interferers are more at equal power.
· Coding gain also increases with the number of PRBs.
· Under the conditions studied, differently scrambled ports tend to have the best overall performance
· With P0=-110, scrambling provided roughly 70% more capacity at 95% coverage with less occupied bandwidth compared to 8 orthogonal ports with P0=-90.
· If both scrambling and orthogonal ports use a P0=-90, orthogonal ports consistently outperform scrambling.
Proposal:
· At least specify differently scrambled DMRS ports among msgA PUSCHs.
· Orthogonal DMRS operation can also be supported.
· Further study details of DMRS configurations to specify, including the number of different scrambling initializations.
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Appendix
 
[bookmark: _Ref4782650]Table 1: Link level simulation parameters
	 channel model
	 TDL-A

	 desired delay spread
	 30 ns

	 UE velocity
	 3 kmph

	 subcarrier spacing
	 30 kHz

	 carrier frequency
	 4 GHz

	 FFT size
	 512

	 #carrier PRBs
	 12

	 #SCS per PRB
	 12

	 #DMRS ports
	 4

	 #symbols/slot
	 14

	 #DMRS symbols
	 3

	 #receive antennas
	 4

	 #transmit antennas per UE
	 1

	 PUSCH payload
	 72 bits

	 PUSCH modulation
	 QPSK

	 channel coding
	 rate matched LDPC coding

	 channel estimation
	 realistic

	 frequency offset
	 0 Hz

	 timing offset
	 random over [0,CP/3]

	 #UEs
	 2, 4

	 #preambles
	 64

	 #scrambling id initializations
	 1, 2, 4, 64

	 #PRB groups
	 1, 2, 6, 12

	 #slots
	 10,000
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	Parameters
	Values

	Layout
	Single layer - Macro layer: Hex. Grid, 7 sites

	Inter-BS distance
	200m

	Carrier frequency
	4GHz

	Simulation bandwidth
	12 or 16 PRBs

	Channel model
	UMi in TR 38.901

	Number of UEs in system
	5, 15, 25, 50, 100, 200

	UE Tx power
	Max 23 dBm

	BS antenna configuration
	4 Rx
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
dH = 0.5λ, dV = 0.8λ;
BS antenna downtilt 102

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx 

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi as starting point

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire system
 
 

	UE power control
	Open loop PC, (38.213  with α=1, P0 varies) 

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz 

	TBS
	72 bits 

	MCS and Resource size
	QPSK, number of PRBs varies

	DMRS configuration
	Type 1 DMRS 

	Number of DMRS symbols
	4

	Timing offset
	Uniform over [0, 7.69e-7] 

	Frequency offset
	Uniform over [-600, 600]

	Max number of HARQ transmission
	1 

	Receiver
	MMSE-IRC 

	Channel and timing error estimation
	Realistic
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