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1	Introduction
RACH optimization was one of the SON functions studied and standardized in Rel-16. It focused on the 4-step RACH procedure, and enhancements related to the recently standardized 2-step RACH procedure was left for later releases. The main goal of RACH optimization is to avoid RACH resource conflicts among neighboring cells and to minimize RACH delay and uplink interference for a user. This is achieved by exchanging the PRACH configuration parameters among neighboring cells and by collecting RA reports provided by the UE. 
A new WID on enhancement of data collection for SON/MDT in NR was approved in RAN#88e [1]. It covers support of data collection for SON features related to this 2-step RACH procedure. This paper is therefore discussing how the already specified 4-step RACH optimization can be extended to include the 2-step RACH optimization.
[bookmark: _Ref178064866]2	Discussion
2.1 NR PRACH Configuration IE
To achieve a conflict-free allocation of PRACH resources among neighbouring cells, the allocated PRACH resources must be orthogonal in time, frequency or preamble domain. The following parameters are therefore included in the NR PRACH Configuration IE, see table 1 below, and enables the detection of PRACH resource conflicts in a RAN node. This information may be exchanged among neighbouring RAN nodes over the Xn or X2 interface (contained respectively in the Served Cell Information NR IE rand in the NR Served Cell Information IE) and in a split architecture case also over the F1 interface (contained in the Served Cell Information IE).

Agreements: 

WA: reuse the existing NR PRACH Configuration structure for PRACH coordination for 2-step RA.
1- PRACH parameters coordination for 2-step RA should be supported.


Table 1: NR PRACH Configuration IE as defined in TS38.473
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	NR PRACH Configuration Item
	
	0..< maxnoofPrachConfiguration >
	
	Length=0 means releasing of all NR PRACH Configuration Items for this UL or SUL.

	>NR SCS
	M
	
	ENUMERATED (scs15, scs30, scs60, scs120, …)
	The SCS of the carrier to which this PRACH Configuration Item relates, i.e.  in Section 5.3.2 in TS 38.211 [33]. The values scs15, scs30, scs60 and scs120 corresponds to the sub carrier spacing in TS 38.104 [17].
NOTE: Its value may not be identical to the SCS of MSG1.

	> PRACH Frequency Start from Carrier 
	M
	
	INTEGER (0.. maxNrofPhysicalResourceBlocks-1, …)
	Lowest number of resource blocks which can be used to deliver MSG1, counting from the start number of the corresponding carrier.

Identical to  in Section 5.1.2.2.2 in TS 38.214 [34] plus msg1-FrequencyStart in TS 38.331 [8].

	>MSG1-FDM
	M
	
	ENUMERATED (one, two, four, eight, …)
	 in Section 6.3.3.2 in TS 38.211 [33].

	>PRACH Configuration Index
	M
	
	INTEGER (0.. 255, …)
	See Section 6.3.3.2 in TS 38.211 [33].

	>SSB per RACH Occasion 
	M
	
	ENUMERATED (oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen, ...)
	Number of SSBs per RACH occasion. Value oneEight corresponds to one SSB associated with 8 RACH occasions, value oneFourth corresponds to one SSB associated with 4 RACH occasions, and so on.

	>CHOICE FreqDomainLength
	M
	
	
	For the case of PRACH resources reserved for BFR or MSG1-based SI Request, L139 is always used.

	>>L839
	
	
	
	

	>>>L839 Info
	
	1
	
	

	>>>>Root Sequence Index
	M
	
	INTEGER (0..837)
	See Section 6.3.3.1 in TS 38.211 [33].

	>>>>Restricted Set Config
	M
	
	ENUMERATED (unrestrictedSet, restrictedSetTypeA, restrictedSetTypeB, …)
	See Section 6.3.3.1 in TS 38.211 [33].

	>>L139
	
	
	
	

	>>>L139 Info
	
	1
	
	

	>>>>MSG1 SCS
	M
	
	ENUMERATED (scs15, scs30, scs60, scs120, …)
	Subcarrier Spacing used in sending MSG1, i.e.  in Section 5.3.2 in TS 38.211 [33].

	>>>>Root Sequence Index  
	M
	
	INTEGER (0..137)
	See Section 6.3.3.1 in TS 38.211 [33].

	>Zero Correlation Zone Config
	M
	
	INTEGER (0..15)
	See Section 6.3.3.1 in TS 38.211 [33].



The NR PRACH Configuration IE was designed for the 4-step PRACH configuration. Since the 2-step MsgA PRACH uses the same configuration principles as 4-step PRACH, this IE could be reused for the 2-step PRACH configuration. 
The MSGA of the 2-step RA-type includes a preamble on PRACH and a payload on PUSCH while the MSG1 of the 4-step RA type consists of a preamble on PRACH. When the existing NR PRACH Configuration IE is used for both RA-types, it will be impossible for the target cell to distinguish between Random Access (RA) type configuration, i.e. whether the UE is configured with 2-step or 4-step RA. This is not a limiting factor from PRACH perspective since non-orthogonal preambles on PRACH configuration cause conflicts irrespective of the RA-type.
PRACH configuration can dynamically either share the same preamble range or use a separate preamble range between 2-step and 4-step RA in a node. Once a preamble collision is detected in gNB-DU via comparison of preamble ranges between neighbour cells,  one of the gNB-DU neighbours can reconfigure its PRACH resources. Therefore, the PRACH configurations irrespective of RA-type can be exchanged to the neighbour cell for PRACH resources coordination.
One important aspect to ensure collision free RACH access in both 2 step and 4 step RACH is that preambles are orthogonal since non-orthogonal preambles on PRACH configuration cause conflicts irrespective of the RA-type. 
When contention-free random access (CFRA) resources are not configured, an RSRP threshold is used by the UE to select between 2-step RA type and 4-step RA type, see Figure 1. It is plausible to assume  that 2-step PRACH configuration is used when the UE is in good radio conditions due to the bigger size of MsgA and higher probability of transmission failure is radio conditions are poor  Hence, 2-step PRACH configuration is used when the UE is in good coverage i.e. when the UE is close to the cell centre. 
Therefore, it can be observed that 2-step RACH procedures cause less interference to the neighbouring cells. Moreover, 2-step RACH can be performed faster and with lower transmission power than 4-step RACH, hence reducing even more the probability of collision with a neighbour cell.
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[bookmark: _Ref53305383]Figure 1 2-step RA vs 4-step RA in CFRA

Observation 1 2-step RACH procedure cause less interference to the neighboring cells than 4-step RACH.
In light of the above discussion the following is proposed:
Use the existing NR PRACH Configuration IE to signal 2-step PRACH configurations.
In case of a 2-step RA, a UE transmits a PUSCH, when applicable, after transmitting a PRACH. The scrambling sequence generator is initialized for PUSCH in MsgA by the UE with

where
-	 equals the parameter MsgA-dataScramblingIdentity which is broadcast in MsgA-DMRS-Config-r16 IE in SIB1.
-	 is the index of the random-access preamble transmitted for MsgA.
·  equals the RA-RNTI for MsgA and otherwise corresponds to the RNTI associated with the PUSCH transmission.
PUSCH interference is negligible when there is no preamble collision because the scrambling formula above ensures that the PUSCH part of MsgA is scrambled, hence interference limited. 
When MsgA-DataScramblingIndex field is absent and is not broadcast, the UE applies PCI in the scrambling sequence generator. In this case, the MsgA PUSCH might interfere with another PUSCH transmission if there is a PCI conflict with a neighbour cell. However, solutions for PCI conflict detection and resolution are available and are being enhanced as part of SON for Rel17. Hence there is no need to provide solutions on PUSCH resource collisions because PUSCH resources are always interference limited due to scrambling.

Observation 2 Assuming that the system is free from neighbour cells PCI collisions, MsgA PUSCH is always interference limited. There is no need to optimise the PUSCH resources used by two neighbouring cells because interference due to reuse of such resources is negligible.

We do not see the need for optimization on PUSCH resource coordination.

The maximum number of PRACH configurations for a cell is limited to 16 (maxnoofPrachConfiguration). To avoid excessive messages, we propose that the maximum number of PRACH configurations per cell addresses both 4-step and 2-step PRACH configurations. 
[bookmark: _Toc47620832]The current number of RACH configurations per cell (up to 16) is enough to address both 4-step and 2-step RACH configurations.
2.2 Signalling of UE RA Reports 
Transferring of RACH reports between RAN nodes and from gNB-CU to gNB-DU has already been specified in Rel-16 as (it is part of the F1AP: ACCESS AND MOBILITY INDICATION)., The current RACH report does not contain any information about 2-step RACH procedure itself. The existing mechanisms can be reused for the 2-step RACH procedure with the understanding that the RACH Report willand the report be likely extendedand the existing mechanisms for this can be reused for the 2-step RACH procedure. The current RACH report does not contain any information about 2-step RACH procedure itself and the report is likely to be extended. 

The existing methods to transfer UE RACH reports between RAN nodes and from CU to DU can be reused for the 2-step RACH procedure. The failure indication, fallback indication, RSRP indication and SSB where the RACH access is performed can be included in RACH report for both 4-step and 2-step RACH configurations.
Conclusion
Based on the discussion in the previous section we propose to agree to the following:
1. One important aspect to ensure collision free RACH access in both 2 step and 4 step RACH is that preambles are orthogonal since non-orthogonal preambles on PRACH configuration cause conflicts irrespective of the RA-type. 
Observation 4 2-step RACH procedure cause less interference to the neighboring cells than 4-step RACH.
Observation 5 Assuming that the system is free from neighbour cells PCI collisions, MsgA PUSCH is always interference limited. There is no need to optimise the PUSCH resources used by two neighbouring cells because interference due to reuse of such resources is negligible.

1. Use the existing NR PRACH Configuration IE to signal 2-step PRACH configurations.

We do not see the need for optimization on PUSCH resource coordination.
The current number of RACH configurations per cell (up to 16) is enough to address both 4-step and 2-step RACH configurations.
The existing methods to transfer UE RACH reports between RAN nodes and from CU to DU can be reused for the 2-step RACH procedure. The failure indication, fallback indication, RSRP indication and SSB where the RACH access is performed can be included in RACH report for both 4-step and 2-step RACH configurations.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref46840317][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-201281, New WID on enhancement of data collection for SON/MDT in NR, 3GPP TSG RAN meeting #88-e


	4/4	
image1.wmf
start

RB


oleObject1.bin

image2.png




image3.png




image4.png




