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1 Introduction
A new work item on “2-step RACH for NR” was approved in RAN#82 [1] and the objectives of this work item for physical layer are identified as follows: 
1. 2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH

In RAN1#96bis meeting [2] & 97 meeting [3], some agreements are made for PUSCH resource unit definition. One key point is that whether the DMRS sequence should be included in the definition or not. In this paper, we will detailed discussion such issue.



2 DMRS port + DMRS sequence vs DMRS port only
For the definition of PUSCH resource unit, one FFS point is that whether only one or both DMRS port/DMRS sequences will be supported. Different DMRS port, as defined in current release, could have different OCC and/or Comb configuration; while the different DMRS sequence will require gNB to reserve a group of scrambling ID, which currently is using Cell ID for scrambling ID before RRC connected. The benefit of using scrambling ID is that it might have larger capacity than that of using the DMRS port. However, we think only the DMRS port to be supported is enough for the following reasons: Agreements from RAN1#96bis:
· PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.

Proposals from RAN1#97:
· For the definition of PRU, support both DMRS ports and (working assumption) DMRS sequences at least for CP-OFDM
· FFS how to support multiple sequences for DFT-s-OFDM
· FFS the maximum number of sequences

1. Benefits to support different DMRS sequences are not convincing. 
2. Drawbacks and the burdens to support DMRS sequences are clear.
From the discussions of previous meetings, the logic of supporting DMRS sequence is that if a relatively large number of preambles (e.g., 64 preambles) are assigned to 2step RACH and if the 1-1 mapping is needed to achieve a relatively low collision probability, a large number of PRUs should be reserved, e.g., 64 PRUs. Then in order to save the T/F resource, the number of DMRS resource per T/F resource needs to be increased. However, such logic cannot apply to the scenario which the 2step RACH targets to. According to our simulation assumption, the simultaneous active UE # is one or two, let’s take 2 as example since 1 will have no collision at all. Besides, let’s assume maximum preamble number, i.e., 64, is assigned to 2step RACH, since if the # of preambles is small, it’s also not motivated for having much larger # of PRUs even considering 1-1 mapping. Then the potential combination of the resource (DMRS and PRU) and the mapping ratio are given in below table as well as the expected BLER performance, 
Table 1 – comparison between DMRS Port only and DMRS Port + DMRS Sequence
	Solution
	Preamble #
	Mapping ratio
	PRU #
	DMRS # (port*sequence)
	Expected BLER

	Port+Sequence
	64
	1-1
	1
	12*6
	[1-(1/64)2]*
Pdetection*BLERPS
~0.999*…

	
	
	
	2
	12*3
	

	
	
	
	4
	12*2
	

	Port only.
	64
	1-1
	6
	12*1
	[1-(1/16)2]*
Pdetection*BLERSP

	
	
	2-1
	3
	
	

	
	
	4-1
	2
	
	~0.996*…

	
	
	6-1
	1
	
	~0.984*…


where the BLERPS and BLERSP are represented by the BLER performance of same DMRS port but different DMRS sequence and different DMRS port but same DMRS sequence, respectively. 
First, for the fair comparison, we choose the one case that same PRU is used by both solutions, i.e., PRU # = 2. In this case, the Port+Sequence solution still uses 1-1 mapping while using 3 different DMRS sequences and the Port only solution uses 1 DMRS sequence but to apply 4-1mapping between preambles and PRU. Then we compare the expected BLER performance with assumption that if two UEs are collided in PRU, both of them are not decoded:
BLERexpected=Pnon-collided*Pdetected*BLER.
· Pnon-collided , the non-collision probability. For Port+Sequence solution, the Pnon-collided is 1-(1/64)20.999 while such value for Port only solution is 1-(1/16)20.996. It is the clearly that such probability is almost identical to each other. Thus, it can conclude that the preamble collision probability is not the bottleneck of the expected BLER performance of 2step RACH. Even for the case of 6-1 mapping ratio in Port only solution, the non-collision probability could reach 0.984. 
· Pdetected, the detection probability of the preamble. We assume this is same for both solutions.
· BLER, PUSCH decoding performance of each solution. In the following, we compared 2 cases: 1 DMRS port with 2 DMRS sequences and 2 DMRS port with 1 DMRS sequences. The BLER performance is shown in below figure, the detailed simulation assumption is in each figure and in appendix. The observed BLER performance loss could be 0.7~1.5 dB.  Clearly, the BLER performance has much larger (bad) impact compared to the preamble collision probability.
· 
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Fig.1 comparison of BLER performance of 2 solutions.

Note that in the simulation the 1 DMRS port with 2 DMRS sequences might be considered as the worst case of the configuration using DMRS port + sequence, since it assumes the two UEs will always use different sequence, while in practice, there is also some possibility they could select the different port and same sequence. But the best performance they can achieve as same as the port only solution. Thus, the port + sequence solution at least has no benefits compared to port only solution.
Observation 1: the BLER performance of each DMRS solution is the bottleneck of the expected BLER performance of 2step RACH rather than the preamble collision probability.
Observation 2: the benefits to support different DMRS sequences in PRU definition are not convincing. 
In addition, from speciation work point of view, in order to support DMRS sequence in the PRU definition, we have to study the selection of the particular scrambling ID to be reserved in each cell by not only considering the performance within its own cell but also the impact on the inter-cell interference management. What’s worse, the separate consideration of two different waveforms, i.e., CP-OFDM and DFT-s-OFDM, has to be pursued as already be indicated by the proposal from last meeting.
Observation 3: the drawbacks and the burdens to support DMRS sequences are clear.  
Proposal: For the definition of a PUSCH resource unit, only DMRS port is supported. 
3 Conclusion
The proposals made in this contribution are summarized below:
[bookmark: _GoBack]Observation 1: the BLER performance of each DMRS solution is the bottleneck of the expected BLER performance of 2step RACH rather than the preamble collision probability.
Observation 2: the benefits to support different DMRS sequences in PRU definition are not convincing. 
Observation 3: the drawbacks and the burdens to support DMRS sequences are clear.  
Proposal: For the definition of a PUSCH resource unit, only DMRS port is supported. 
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Appendix – LLS simulation assumption
Table: Link-level evaluation assumptions
	Parameters
	Values

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	15kHz at 700MHz, 30kHz at 4 GHz

	TBS
	72bits, 1000bits

	MCS and Resource size
	QPSK, 1PRB [72bits], 6PRB[1000bit] per PO

	Number of UEs
	2, Equal avg. SNR is assumed for the two UEs

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx

	gNB antenna configuration
	2Rx

	Propagation channel & UE velocity
	TDL-C 300ns, 3km/h and 30km/h

	Timing offset
	None

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	Max number of HARQ transmission
	1

	Receiver
	MMSE-IRC 

	Channel estimation
	Realistic for channel estimation

	Performance metrics
	BLER vs. SNR
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