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The pros and cons for different mapping designs are summarized in the following Table:
	Scheme
	Pros
	Cons

	Single DMRS sequence &
1-to-1 mapping
	DMRS are always orthogonal

	More reserved resource overhead (if the # of preamble is aligned), or higher preamble collision probability (if resource overhead is aligned)

	Single DMRS sequence &
M-to-1 mapping
	Less reserved resource overhead
	Potential performance degradation due to DMRS collision

	Mingle DMRS sequence &
1-to-1 mapping
	Less reserved resource overhead
No DMRS collision
	Potential performance degradation due to non-orthogonal DMRS 
Spec. impact
Inter-cell-interferences?



Based on the evaluation results and the pros-cons analysis, the trade-off between performance and resource overhead among different scheme can be found. And the performance differences may be varied due to different RACH preamble overhead, PUSCH resources overhead, traffic load, etc.
Therefore, we have the following proposals:
Proposals:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· FFS how to support multiple sequences for DFT-s-OFDM
· FFS the maximum number of sequences
· Confirm the working assumption that both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported
· Configurable number of preambles (including one or multiple) mapped to one PRU, explicitly or implicitly
· FFS 1-to-multiple mapping



Any further comments?
	Company
	Views

	
	





Appendix RAN1#97 evaluation results on preamble to PRU mapping

	ZTE [R1-1905991]
For total 6 PRBs, PUSCH resource can be equally divided into 2, 3 and 6 groups, each UE can use 3, 2 and 1 PRBs respectively, denoted as scheme 1, 2, 3;
For total 12 PRBs, PUSCH resource can be equally divided into 4, 6 and 12 groups, each UE can use 3, 2 and 1 PRBs respectively, denoted as scheme 4, 5, 6.
For the 6 mapping types above, scheme 1 and 2 with total 6 PRBs has a DMRS collision probability of 1/24 and 1/36 respectively. Scheme 4 with total 12 PRBs has a DMRS collision probability of 1/48. The other 3 mapping types have no DMRS collision probability.
Note: X label is normalized SNR in order to ensure that each scheme has the same transmit power.
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(a). 1T2R
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(b). 1T4R
Figure 8 BLER vs. SNR for 2UEs with Preamble Format 0
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(a). 1T2R
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(b). 1T4R
Figure 9 BLER vs. SNR for 2UEs with Preamble Format A1
Observation 2: With the aligned transmit power and total reserved resource overhead, the performance of different mapping schemes is similar.
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(a)1T2R    
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(b) 1T4R
Figure 10 Comparison between different DMRS sequences with Preamble Format 0
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(a). 1T2R
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(a) . 1T4R
Figure 11 Comparison between different DMRS sequences with Preamble Format A1
Observation 3: Performance of multiple DMRS sequences without collision is similar with that of 1 DMRS sequence with potential collision.





	Qualcomm [R1-1907691] 
· For orthogonal DMRS configurations, two UEs use different DMRS ports and share the same DMRS scrambling sequence. 
· For non-orthogonal DMRS configuration, two UEs are assigned to the same DMRS port but can be distinguished by different DMRS scrambling IDs. 
[image: ]
Figure 12: msgA BLER Performance for TBS 72 bits with Orthogonal and Non-Orthogonal DMRS

[image: ]
Figure 13: msgA BLER Performance for TBS 1000 bits with Orthogonal and Non-Orthogonal DMRS

	Vivo [R1-1906126]
Four cases are considered in the simulation.
· Case 1: 64 preambles of a RO are mapped to 1 PO with 6 PRBs, wherein 8 preambles are mapped to 1 DMRS port, as shown in the figure of case 1. In this case, single scrambling ID is assumed for a DMRS port.
· Case 2: 64 preambles of a RO are mapped to 2 POs each of which contains 3 PRBs. Preamble index 0~31 maps to 1st PO and preamble index 31~63 maps to 2nd PO, wherein 4 preambles are mapped to 1 DMRS port, as shown in the figure of case 2. In this case, single scrambling ID is assumed for a DMRS port. Compared to case 1, the code-rate and also the transmit power per RE are doubled in case 2 for fair comparion. 
· Case 3: 64 preambles of a RO are mapped to 1 PO with 6 PRBs, wherein 8 preambles are mapped to 1 DMRS port. For each DMRS port, 8 different scrambling IDs are assumed for DMRS sequence generation, as shown in the figure of case 3. In such case, there is one-to-one mapping between preambles and DMRS port + DMRS sequence, which are pseudo-orthogonal and have lower correlation.
· Case 4: 64 preambles of a RO are mapped to 2 POs each of which contains 3 PRBs. Preamble index 0~31 maps to 1st PO and preamble index 31~63 maps to 2nd PO, wherein 4 preambles are mapped to 1 DMRS port. For each DMRS port, 4 different scrambling IDs are assumed for DMRS sequence generation, as shown in the figure of case 4. In such case, there is one-to-one mapping between preambles and DMRS port + DMRS sequence.
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	Case 1: 1 PO with 6 PRBs per PO, 8 DMRS ports with single scrambling ID per DMRS port
	Case 1: 2 POs with 3 PRBs per PO, 8 DMRS ports with single scrambling ID per DMRS port
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	Case 3: 1 PO with 6 PRBs per PO, 8 DMRS ports with 8 scrambling ID per DMRS port
	Case 4: 2 POs with 3 PRBs per PO, 8 DMRS ports with 4 scrambling ID per DMRS port


Figure 1: Mapping relationship between preambles and PUSCH resource units in simulation

In the evaluation two UEs are assumed in every slots, and UE randomly selects a preamble index and the corresponding DMRS port and scrambling ID according to mapping relationship as the above diagram.
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Figure 2: BLER performance assuming two UEs transmitting simultaneously
[bookmark: OLE_LINK3]Observation 1: One-to-one mapping between preambles and DMRS port + individual DMRS sequence achieves better performance with BLER target 10-2 compared to multiple-to-one mapping between preambles and DMRS port with the same DMRS sequence.
Observation 2: In case of one-to-one mapping, case 3 with PO of 6 PRBs/PO and 8 scrambling IDs per DMRS port has better performance than that of case 4 with 2 POs of 3 PRBs/PO and 4 scrambling IDs per DMRS port.



	Huawei [R1-1906605]
Observation 2: With more DMRS sequences, the collision probability of PUSCH resource units can be reduced, and the decoding performance of PUSCH can be improved.
Proposal 2: Multiple DMRS sequences in one PUSCH occasion should be supported.
	[image: ]
	[image: ]

	(a). TDLA-30ns, 1T2R, 2 preambles, 72 bits
	(b). TDLC-300ns, 1T2R, 2 preambles, 72 bits

	 [image: ]
	[image: ]

	(c). TDLA-30ns, 1T2R, 2 preambles, 200 bits
	(b). TDLC-300ns, 1T2R, 2 preambles, 200 bits


Figure 4. PUSCH decoding performance with and without PRU collision
Observation 3: In the case that PRU collision may happen, the PUSCH decoding performance of 1-to-1 mapping is much better than that of the multi-to-one mapping.
Proposal 3: The necessity to support multiple-to-one mapping should be further verified.
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	(a). TDLA-30ns, 1T2R, 4 preambles, 72 bits
	(b). TDLC-300ns, 1T2R, 4 preambles, 72 bits
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	(c). TDLA-30ns, 1T2R, 4 preambles, 200 bits
	(d). TDLC-300ns, 1T2R, 4 preambles, 200 bits


Figure 5. PUSCH decoding performance with 4 random active preambles
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	(a). TDLA-30ns, 1T2R, 2 preambles, 72 bits
	(b). TDLC-300ns, 1T2R, 2 preambles, 72 bits
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	(c). TDLA-30ns, 1T2R, 2 preambles, 200 bits
	(d). TDLC-300ns, 1T2R, 2 preambles, 200 bits


Figure 6. PUSCH decoding performance with 2 random active preambles


	Nokia [R1-1906748]
[image: ]
[bookmark: _Ref4006647]Figure 6: Average latency in slots for 4-step RACH and 2-step RACH. For 2-step RACH M is the number of PUSCH occasions associated with a PRACH occasion.
Observation 1: The availability of multiple antenna ports increases the 2-step RACH performance.
Proposal 1: The use of multiple antenna ports in the PUSCH resources for MsgA should be considered in 2-step RACH.
[image: ]
[bookmark: _Ref4006956]Figure 7: PUSCH resource reservation and usage for four-step RACH and 2-step RACH. For 2-step RACH M is the number of PUSCH occasions associated with a PRACH occasion.

Observation 2: The benefit of reduced latency with 2-step RACH is accompanied by an increase in PUSCH resource reservation and usage.

[image: ]  [image: ]
[image: ]
[bookmark: _Ref7639300]Figure 8: Average latency in slots with M PUSCH resource units (M=4, 8 or 16). P is the number of preambles mapped to one PUSCH resource unit. The number of preambles is M*P.
Proposal 2: Support multiple-to-one mapping of preambles to PUSCH resource units.


	Intel [R1-1906781]
In the simulations, for many to one scenario, it is assumed that two UEs select two separate preamble indexes, which are mapped to a single DMRS AP. In addition, it is assumed that MsgA PRACH and PUSCH are transmitted in a same slot, and PUSCH is allocated within the PRACH transmission bandwidth. Further, MsgA PRACH is used for the channel estimation of MsgA PUSCH. The simulation assumptions are outlined in Table 5 in the Appendix.
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[bookmark: _Ref7193889]Figure 2. Link level simulation results for one to one and many to one mapping between MsgA PRACH preamble and PUSCH resource unit

Observation 2
· When MsgA PRACH and PUSCH are transmitted in a slot and PUSCH is located within PRACH transmission bandwidth, for many to one mapping, even in case of DMRS AP collision, decent MsgA PUSCH decoding performance can be achieved if PRACH based channel estimation is employed. 
Proposal 1
· Confirm the working assumption to support many to one mapping between PRACH preambles in each RO and associated PUSCH resource unit. 




	Ericsson [R1-1907677]
Table 1: Coverage of 72 bits msgA vs. outage and BLER
	(1) Tx Power (dBm)
	23

	(2) Receiver thermal noise density (dBm/Hz)
	-174

	(3) eNB receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	30kHz*#PRBs

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	

	(7) Required SINR (dB) 
	

	(8) Receiver sensitivity = (6)+(7) (dBm)
	

	(9) Receiver processing gain
	

	(10) MCL = (1)-(8)+(9) (dB)
	



The plots in Figure 1 compare the coupling loss for when different DMRS ports are used to when DMRS with different scrambling initialization is used, and when the UEs may arrive at different times for different number of PRBs.
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Figure 1: Maximum coupling loss vs. #PRBs for 2 colliding UEs at 10% and 1% PUSCH BLER with different DMRS antenna ports, scrambling initialization and delay 
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[bookmark: _Ref8328738]Figure 2: Maximum coupling loss vs. #PRBs for 2 colliding UEs at 10% PUSCH BLER with different power offset and DMRS antenna ports or scrambling initialization

[image: ]
[bookmark: _Ref8330038]Figure 3: Coupling loss degradation from scrambling vs. #PRBs for 2 colliding UEs at 10% PUSCH BLER with different power offset and zero timing offset


Observations:
· Different scrambling initializations have some potential as a means to increase the number of distinct DMRS for msgA PUSCH.
· When two UEs collide in a PUSCH resource occasion with 4 gNB Rx antennas and 72 bit payloads the performance of reception using different DMRS scrambling initialization degrades relative to different DMRS antenna ports according to the UEs’ relative power.
· When UEs arrive at the same time, and with equal power, the loss is about 1.0 and 2.4 dB for 1% and 10% BLER, respectively.
· When UEs arrive with a power difference of 3 dB, losses at 10% BLER for the weaker UE range are roughly 1.9-2.4 dB, respectively, where 2-3 PRBs are used.  The loss for the weaker UE grows to 4.8 dB for 3 PRBs with a 6 dB power difference.
· While the degradations for non-zero power differences are significant, net capacity benefits may still be possible in cases where there are insufficient antenna ports.  Furthermore, additional techniques such as using PRACH for channel estimates in interference cancellation receivers may yield better performance.
· msgA PUSCH reception does not appear to be too sensitive to timing offsets. For up to 2 CPs maximum delay and with equal received power:
· at 10% BLER, the difference in maximum coupling loss is about 0.5 dB 
· at 1% BLER, the difference is about 0.5 to 1 dB depending on the number of PRBs
Proposal:
· Further investigate the relative performance of msgA PUSCH using DMRS with different scrambling initializations and using different DMRS antenna ports, e.g. considering relative path loss, multipath channels, and the use of PRACH in interference rejection receivers.
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