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Introduction
During RAN4 #96-e  most of the 2-step RACH BS demodulation test setup was defined, with few issues being left for decision by RAN4. The remaining open issues include the DM-RS configuration for FR1, the introduction of high level TO cycling values, the test coverage and the test metric [1]. This paper introduces Nokia’s views on the remaining open issues for 2-step RACH BS demodulation requirements.
DM-RS configuration
During last RAN4 meeting, a discussion regarding 1+1 and 1+1+1 DM-RS configuration on FR1 was raised. In this section we analyse the technical arguments regarding the choice for the number of DM-RS symbols. 
When the transport block size is considered, the DM-RS option 1+1 would in principle lead to smaller overhead. However, in the most typical use of 2-step RACH, MsgA would contain small RRC messages of 56 bits (resulting in 72 bits with CRC), which are RRCRequest, RRCReestablishmentRequest, and RRCResumeRequest. The FR1 test scenario that was decided in RAN4 included 2 PRBs, 14 OFDM symbols, and MCS=1. If 1+1 DMRS configuration is used, still the same MCS is applied with that number of resources when compared to 1+1+1, and the only practical difference would be an increase on the number of padding bits. 
[bookmark: _Toc54295259][bookmark: _Toc54295379]When 72 bits TBS, 2 PRBs and 14 OFDM symbols are considered, use of 1+1 instead of 1+1+1 does not incur in a change of MCS, but only on a difference in padding bits. 
A simulation comparison between 1+1 and 1+1+1 DM-RS configurations for FR1 is presented in Table 1. This table shows results for PUSCH mapping type A and B, SCS 15 and 30 kHz, and 2 BLER targets with medium level TO cycling values. Other simulation parameters are shown in Table 2. As it can be observed in Table 1, the DM-RS configuration 1+1+1 presents a gain between 0.3 and 0.4 dB over the 1+1 configuration in that scenario. 
[bookmark: _Ref53761641][bookmark: _Hlk31794208]Table 1 Simulation results comparing DM-RS configurations for 2-step RACH MsgA PUSCH
	SCS/kHz
	PUSCH mapping type
	1+1
	1+1+1

	
	
	BLER=0,1
	BLER=0,01
	BLER=0,1
	BLER=0,01

	15
	A
	-0,2
	4,6
	-0,5
	4,2

	15
	B
	-0,1
	4,4
	-0,5
	4,1

	30
	A
	-0,3
	4,2
	-0,6
	3,8

	30
	B
	-0,3
	4,2
	-0,6
	3,8



[bookmark: _Toc54295260][bookmark: _Toc54295380]DM-RS 1+1+1 presents improved demodulation performance when compared to 1+1 configuration. 
[bookmark: _Ref53762084]Table 2 Simulation parameters for comparison between 1+1 and 1+1+1 DM-RS in FR1
	Parameter
	Value

	Waveform
	CP-OFDM

	Power offset between preamble and MsgA
	Free choice

	Subcarrier spacing for PUSCH
	15kHz, 30kHz

	PUSCH Mapping Type
	Type A and Type B

	MCS level
	1

	Number of symbols
	14

	TBS
	72

	DM-RS
	1+1+1 and 1+1

	Antenna configuration
	1T2R

	Propagation channel
	TDLC300-100

	TO values
	Medium level cycling values:                 
    15k SCS: [0:0.4:2], 
    30k SCS: [0:0.2:1]

	Test metric
	SNR at BLER=0.01 and SNR at BLER=0.1

	Re-transmission
	No retransmission considered



When MsgA PUSCH is compared to Msg3 in the 4-step RACH procedure, and frequency hopping is not used, the Msg3 is only transmitted using the 1+1+1 configuration. This behavior is specified in clause 6.2.2 of 38.214 [2] as:
	[bookmark: _Toc11352161][bookmark: _Toc20318051][bookmark: _Toc27299949][bookmark: _Toc36117459][bookmark: _Toc44515951][bookmark: _Toc51226238]6.2.2	UE DM-RS transmission procedure
When transmitted PUSCH is neither scheduled by DCI format 0_1 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI, nor corresponding to a configured grant, the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission except for PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, additional DM-RS can be transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211] for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled, and 
If frequency hopping is disabled:
-	The UE shall assume dmrs-AdditionalPosition equals to 'pos2' and up to two additional DM-RS can be transmitted according to PUSCH duration, or
If frequency hopping is enabled:
-	The UE shall assume dmrs-AdditionalPosition equals to 'pos1' and up to one additional DM-RS can be transmitted according to PUSCH duration.




[bookmark: _Toc54295261][bookmark: _Toc54295381]4-step RACH Msg3 is mandatorily transmitted using 1+1+1 DM-RS configuration, therefore all BS implementations support that option for 4-step RACH. 
[bookmark: _Toc54295262][bookmark: _Toc54295382]For FR2 RAN4 has already decided to compromise and accept performance requirements using 1+1 configuration. 
The DM-RS configuration for MsgA PRACH is configured in MsgA-DMRS-Config, which contains msgA-DMRS-AdditionalPosition among other parameters. The default configuration of msgA-DMRS-AdditionalPosition is pos2, or 1+1+1, which indicates that when msgA-DMRS-AdditionalPosition is not configured, the value pos2 is used indicating 1+1+1 configuration. 
[bookmark: _Toc54295263][bookmark: _Toc54295383]The DM-RS default configuration for MsgA PUSCH in MsgA-DMRS-Config is 1+1+1. 
[bookmark: _Toc54295264][bookmark: _Toc54295384]RAN4 to define BS demodulation tests with 1+1+1 DM-RS configuration in FR1 for 2-step RA type. 
TO cycling values applicability
Regarding timing offset values and their respective applicability, the following issues were still open after last meeting [1]: 
	· For TO cycling values for high level TO (scaling between 15k and 30k SCS, and between 60k and 120k SCS, and starting from 0):
· Option 1:
· 15k SCS: [0:0.1:3.8], 30k SCS: [0:0.1:3.8]
· 60k SCS: [0:0.1,0.6], 120 SCS: [0:0.1,0.6]
· Option 2: Do not introduce requirements for high level TO cycling values


· Discuss further the implications of adopting medium only or medium/high TO on test coverage, 
· Option 1: only test the requirements for medium level TO cycling, i.e., lack of test coverage for large cell operation is OK
· Option 2: test the requirements for both medium and high level TO cycling
· Option 3: test either the medium T0 or the high T0 (but never both) depending on vendor declaration
· Option 4: Only test the requirements for high level TO cycling, considering no performance difference after TO compensation for medium and high level TO.




[bookmark: _GoBack]When the high level TO cycling values are considered, it is Nokia’s view that the Medium level values that were already agreed during the last meeting are enough to guarantee the implementation of MsgA PUSCH with timing offset compensation. Table 3 shows simulation results comparing the performance with and without TO compensation for medium level TO range. These results show that the medium range TO levels can already provide enough degree of differentiation between implementation with and without TOC, particularly when analysing results for BLER=0.1% target. In that case, the performance difference is about 1.5 dB, whereas for BLER=0.01 the performance difference is about 1 dB. 
[bookmark: _Ref54212564][bookmark: _Ref54212468][bookmark: _Ref54212472]Table 3 Simulation results with and without timing offset compensation for medium level TO range
	SCS
	DM-RS
	Mapping Type
	Without TOC
	With TOC
	Difference

	
	
	
	BLER=0.1
	BLER=0.01
	BLER=0.1
	BLER=0.01
	BLER=0.1
	BLER=0.01

	15
	1+1
	A
	1.2
	5.5
	-0.2
	4.6
	-1.4
	-0.9

	15
	1+1
	B
	1.3
	5.3
	-0.1
	4.4
	-1.4
	-0.9

	15
	1+1+1
	A
	0.9
	5.2
	-0.5
	4.2
	-1.4
	-1

	15
	1+1+1
	B
	1
	5
	-0.5
	4.1
	-1.5
	-0.9



[bookmark: _Toc54295265][bookmark: _Toc54295385]Performance results for medium level TO range show significant differences for differentiation between implementations with and without TOC, in particular when using BLER target of 0.1. 
[bookmark: _Toc54295266][bookmark: _Toc54295386]RAN4 to define performance requirements only for the medium level TO range for 2-step RACH. 
[bookmark: _Toc54295267][bookmark: _Toc54295387]RAN4 to define performance requirements for 2-step RACH based on SNR at BLER=0.1 metric. 
Conclusion
Based on the discussion above, the following observations and proposals are derived concerning BS demodulation requirements for 2-step RACH: 
Observation 1: When 72 bits TBS, 2 PRBs and 14 OFDM symbols are considered, use of 1+1 instead of 1+1+1 does not incur in a change of MCS, but only on a difference in padding bits.
Observation 2: DM-RS 1+1+1 presents improved demodulation performance when compared to 1+1 configuration.
Observation 3: 4-step RACH Msg3 is mandatorily transmitted using 1+1+1 DM-RS configuration, therefore all BS implementations support that option for 4-step RACH.
Observation 4: For FR2 RAN4 has already decided to compromise and accept performance requirements using 1+1 configuration.
Observation 5: The DM-RS default configuration for MsgA PUSCH in MsgA-DMRS-Config is 1+1+1.
Proposal 1: RAN4 to define BS demodulation tests with 1+1+1 DM-RS configuration in FR1 for 2-step RA type.
Observation 6: Performance results for medium level TO range show significant differences for differentiation between implementations with and without TOC, in particular when using BLER target of 0.1.
Proposal 2: RAN4 to define performance requirements only for the medium level TO range for 2-step RACH.
Proposal 3: RAN4 to define performance requirements for 2-step RACH based on SNR at BLER=0.1 metric.
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