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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 simulations on the performance of 2-step RACH with and without different scrambling in a PO.  

The 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.  

Given the results of these simulations, we then draw conclusions and make corresponding proposals.
Simulation setup and results

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.
The error floors in the 2 UE case are of the order of 1% for 64 scrambling-IDs, while they are roughly around 10% for 2 scrambling-IDs. With 4 UEs, the error floors are as high as 30% with 2 scrambling-IDs, but less than about 4% with 64 scrambling-IDs. The effect of flooring is greatest when there are fewer available PUSCH POs. With 4 UEs and 2 scrambling-IDs, the error floors are seen at about 4%, 6%, 20%, and 30%, when the number of POs is 12, 6, 2, and 1 respectively. The BLER performance is similar when the number of scrambling-IDs is 1 or 2.

The error floor above for a single PO is 10% when the number of UEs is {2,4} and the number of scrambling-IDs is {1,2}. This emphasizes the importance of having more POs when the available scrambling-IDs are small. Also, for varying PO sizes (including the single PO case), the error floor is significantly lowered with increasing number of scrambling-IDs. This can be observed from the plots with 64 scrambling IDs where the error floor is around 1% in the 2 UE case and around 3% in the 4 UE case. This shows that UE collisions in a PO can be reduced by having a higher number of different scrambling initializations. 

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.
· For a given number of POs, increasing the number of DMRS sequence initializations to two seems to have little benefit.  However, using more than 2 initializations can substantially reduce BLER floors.
While multi-link and/or system level simulations capturing realistic near-far power differences and supported load are needed to make a fully informed decision on the relative merits of differently scrambled vs. orthogonal antenna ports, given the results above where differently scrambled ports generally outperform orthogonal ports, we tend to think at least differently scrambled ports should be supported.  However, it is intuitive that orthogonal DMRS could provide some benefit as well when there is strong mutual interference. Additional support of orthogonal DMRS is not expected to overly complicate the specification, since the main design issue would be how to configure the preamble to PRU mapping to account for when only one scrambling ID is used vs. when multiple scrambling IDs are used. 

Proposals:
· At least support 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.
Conclusions
In this contribution, we provided link 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:
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.
· For a given number of POs, increasing the number of DMRS sequence initializations to two seems to have little benefit.  However, using more than 2 initializations can substantially reduce BLER floors.

While multi-link and/or system level simulations capturing realistic near-far power differences and supported load are needed to make a fully informed decision on the relative merits of differently scrambled vs. orthogonal antenna ports, given the results above where differently scrambled ports generally outperform orthogonal ports, we tend to think at least differently scrambled ports should be supported.  However, it is intuitive that orthogonal DMRS could provide some benefit as well when there is strong mutual interference.  Additional support of orthogonal DMRS is not expected to overly complicate the specification, since the main design issue would be how to configure the preamble to PRU mapping to account for when only one scrambling ID is used vs. when multiple scrambling IDs are used. 
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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	 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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