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Introduction
As we know, the RACH configuration in one cell has critical impacts on user experience and overall network performance. In LTE era, the RACH self-optimization has been widely used in practical network to reduce the RACH collision probability and unnecessary interference between nodes. In SON/MDT study item phase, RAN3 had studied PRACH configuration conflict detection as part of RACH optimization. RAN3 has agreed that PRACH configuration conflict detection should be supported as a SON function in Rel-16 [1]. In RAN3#105bis, a LS was send to RAN1 to have guidance for PRACH configuration conflict detection [2]. In RAN1#99 meeting, the PRACH configuration parameters were confirmed by RAN1 [3]. The intention of this contribution is to discuss the detail X2AP/XnAP IE design for PRACH configuration conflict detection.
Discussion
The RAN1 reply LS mainly considered the PRACH parameters for 4-steps. And the following parameters need to be exchanged among neighbour cells for PRACH configuration conflict detection [3]: 
· RACH configuration parameters related to the PRACH preamble sequences and formats
· prach-ConfigurationIndex (e.g., in RACH-ConfigGeneric) 
· prach-RootSequenceIndex  (e.g., in RACH-ConfigCommon)
· restrictedSetConfig  (e.g., in RACH-ConfigCommon)
· zeroCorrelationZoneConfig (e.g., in RACH-ConfigGeneric)
· msg1-SubcarrierSpacing (e.g., in RACH-ConfigCommon)
· rootSequenceIndex-BFR(e.g., in BeamFailureRecoveryConfig)

· RACH configuration parameters related to the allocation of the RACH resources in time
· prach-ConfigurationIndex (e.g., in RACH-ConfigGeneric)
· msg1-SubcarrierSpacing  (e.g., in RACH-ConfigCommon)

· RACH configuration parameters related to the allocation of the RACH resources in frequency
· absoluteFrequencyPointA (e.g., in FrequencyInfoUL) 
· scs-SpecificCarrierList (e.g., in FrequencyInfoUL) 
· freqBandIndicatorNR (e.g., in FrequencyInfoUL)
· frequencyShift7p5khz (e.g., in FrequencyInfoUL) 
· msg1-FDM (e.g., in RACH-ConfigGeneric)
· msg1-FrequencyStart (e.g., in RACH-ConfigGeneric)
· msg1-SubcarrierSpacing  (e.g., in  RACH-ConfigCommon)
· locationAndBandwidth (e.g., in UL BWP), 
· subcarrierSpacing (e.g., in UL BWP), 

· RACH configuration parameters related to the valid RACH resources where the UE may transmit Msg1 and beams for RACH transmission:
· ssb-PositionsInBurst (e.g., in SIB1)
· ssb-perRACH-OccasionAndCB-PreamblesPerSSB (e.g., in RACH-ConfigCommon)
· tdd-UL-DL-ConfigurationCommon (e.g., in ServingCellConfigCommonSIB)

We have noted that some parameters are duplicated or have been defined in existing X2AP/XnAP IE. And the rest of paper is to discuss the detail X2AP/XnAP IE design for PRACH configuration conflict detection.
Parameters Analysis
Common Uplink paramters
In TS38.331, the FrequencyInfoUL indicates basic parameters of an uplink carrier and transmission thereon. And the following parameters shall be considered in RO:
1. absoluteFrequencyPointA: Absolute frequency position of the reference resource block (Common RB 0). Its lowest subcarrier is also known as Point A (see TS 38.211, clause 4.4.4.2). Note that the lower edge of the actual carrier is not defined by this field but rather in the scs-SpecificCarrierList.
2. scs-SpecificCarrierList: A set of carriers for different subcarrier spacings (numerologies). Defined in relation to Point A. The network configures a scs-SpecificCarrier at least for each numerology (SCS) that is used e.g. in a BWP (see TS 38.211, clause 5.3).
3. freqBandIndicatorNR: Provides an NR frequency band number as defined in TS 38.101-1 and TS 38.101-2, table 5.2-1.
4. frequencyShift7p5khz: Enable the NR UL transmission with a 7.5 kHz shift to the LTE raster.
In current TS36.423/38.423 specification, the DL and UL Frequency information “NR frequency Info” IE are contained in the existing “Served NR Cell Information” and “NR Neighbour Information” IE. Per Table 1, we observed that the definition of NRARFCN IE in TS38.423 is perfectly in keeping with that of absoluteFrequencyPointA in TS38.331. Meanwhile, as the definition of NR frequency band number in TS38.101 and TS38.104 are the same, the meaning of NR frequency band IE in TS36.423/38.423 and freqBandIndicatorNR IE are found to be in perfect accord. 
Proposal 1: There is no need to define the absoluteFrequencyPointA and freqBandIndicatorNR in X2AP and XnAP message. 
In Rel-16, the optimization for uplink direction only considered RACH optimization. For future-proof, the self-optimization for other uplink channels may be taken into SON scope account. We have noted that the following parameters listed in RAN1 LS can be used as common parameters for other uplink channel optimization:
· FrequencyInfoUL
· scs-SpecificCarrierList 
· frequencyShift7p5khz 
· UL BWP
· locationAndBandwidth 
· subcarrierSpacing 
· ssb-PositionsInBurst
· tdd-UL-DL-ConfigurationCommon 
It is reasonable to put scs-SpecificCarrier, frequencyShift7p5khz and UL BWP in existing “NR frequency Info” IE to indicates basic parameters of an uplink carrier.  In addition, considering the frequencyShift7p5khz IE only be set to true in SUL and DSS scenario, the presence of this IE should be optional. 
Proposal 2: The scs-SpecificCarrier, frequencyShift7p5kh, and UL BWP shall be contained in existing “NR frequency Info” IE to indicates basic parameters of an uplink carrier. And the presence of frequencyShift7p5khz is optional.
Table 1 NR Frequency Info
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	NRARFCN
	M
	
	INTEGER (0..maxNRARFCN)
	RF Reference Frequency as defined in TS 38.104 [37] section 5.4.2.1. The frequency provided in this IE identifies the absolute frequency position of the reference resource block (Common RB 0) of the carrier. Its lowest subcarrier is also known as Point A.

	Frequency Band List
	
	1
	
	

	>Frequency Band Item
	
	1..<maxnoofNrCellBands>
	
	

	>>NR Frequency Band 
	M
	
	INTEGER (1.. 1024, ...)
	Primary NR Operating Band as defined in TS38.104 [37] section 5.4.2.3.
The value 1 corresponds e n1, value 2 corresponds to NR operating band n2, etc.

	>>Supported SUL band List
	
	0..<maxnoofNrCellBands>
	
	

	>>>Supported SUL band Item
	M
	
	INTEGER (1.. 1024, ...)
	Supplementary NR Operating Band as defined in TS 38.104 [37] section 5.4.2.3 that can be used for SUL duplex mode as per TS 38.101-1 table 5.2.-1.
The value 80 corresponds to NR operating band n80, value 81 corresponds to NR operating band n81, etc.

	SUL Information
	O
	
	9.2.123
	



ssb-PositionsInBurst and tdd-UL-DL-ConfigurationCommon
Both the ssb-PositionsInBurst and tdd-UL-DL-ConfigurationCommon are common parameters for all the downlink and uplink channels. The ssb-PositionsInBurst and tdd-UL-DL configurationCommon can be used to indicate the time domain positions of the transmitted SS-blocks in an SS-burst. And the SSB information in Measurement Timing Configuration can be regarded as a subset. Therefore, it is need to define two new IEs ssb-PositionsInBurst and tdd-UL-DL configurationCommon in “Served NR Cell Information” and “NR Neighbour Information” IE. 
Proposal 3: It is need to define two new IEs ssb-PositionsInBurst and tdd-UL-DL configurationCommon in “Served NR Cell Information” and “NR Neighbour Information” IE.
PRACH configuration
In LTE specifications, one UE is configured with only one ULs for one DL of the same cell. Since the concept of Supplementary Uplink introduced in NR system, one cell can be configured with up to two ULs CC for one DL CC. Considering the NUL CC and SUL CC may have different PHY parameters for all uplink channels, the independent PRACH parameters for both NUL and SUL should be exchanged between nodes.
Proposal 4: The independent PRACH configuration IE for both NUL and SUL should be exchanged between nodes
Per RAN1 reply LS, the following parameters shall be contained in PRACH Configuration:
· prach-ConfigurationIndex
· prach-RootSequenceIndex 
· restrictedSetConfig
· zeroCorrelationZoneConfig
· msg1-SubcarrierSpacing
· rootSequenceIndex-BFR
· prach-ConfigurationIndex
· ssb-perRACH-OccasionAndCB-PreamblesPerSSB
In addition, the msg1- SubcarrierSpacing repeatedly appears in PRACH preamble sequences/formats and RACH resources in time. Thus only one msg1- SubcarrierSpacing shall be contained in PRACH configuration.
The need of Support RO in MR-DC and SA
The most operators tend to deploy EN-DC or SA mode in their first stage of 5G deployment. And some operators may upgrade their NR network to NE-DC mode in their second stage deployment. For the RACH configuration, a set of physical layer parameters, there is no obvious difference between SA mode and NSA mode. And the appropriate RACH configuration in both SA and NSA network can achieve the same targets as follows [2]:
· Minimize access delays for the UEs under the coverage of popular SSBs 
· Minimize the imbalance of UEs access delays on uplink (UL) and supplementary uplink (SUL) channel
· Minimize the failed/unnecessary RACH attempts on RACH resource before success.
 Therefore, the SA and MR-DC shall be considered in RACH Optimization for Rel-16 SON/MDT WI phase. 
Proposal 5: the SA and MR-DC shall be considered in RACH Optimization for Rel-16 SON/MDT WI phase.
X2/Xn/F1AP message Impact Analysis
Based on LTE solution, the following X2 messages shall contain NR PRACH related configuration to support RACH optimization in EN-DC scenario:
· X2 Setup
· eNB Configuration Update
· EN-DC X2 Setup
· EN-DC Configuration Update
For Xn interface, the following Xn message shall contain NR PRACH related configuration to support RACH optimization in SA and NE-DC scenario
· Xn Setup
· Xn Configuration Update
Considering all the above procedures or messages have the “Served NR Cell Information” and “NR Neighbour Information” IE to indicate the configurations for serving cell and neighbour cells separately, it is only need to contain the new IEs defined in clause2.1 in the existing “Served NR Cell Information” and “NR Neighbour Information” IE. 
Proposal 6: All the parameters confirmed by RAN1 reply LS shall be contained the existing X2/XnAP IE “Served NR Cell Information” and “NR Neighbour Information” to indicate the PRACH configuration for serving cell and neighbour cells. 
Per current F1AP specification, the physical related parameters are generated by DU. During F1 interface setup or DU configuration update procedure, the DU can send the MIB and SIB1 information to CU. The CU can derive all the necessary PRACH configurations from SIB1 message and send it to its neighbour nodes. Meanwhile, the CU also need to forward the SON information from its neighbour nodes to its DU. In principle, there are two alternatives to forward SON information to the DU:
· Alt1: reuse the existing message, such as introducing a SON IE in GNB-CU CONFIGURATION UPDATE message
· Alt 2: define a new F1AP message to support SON information delivery
By contrast, the alt2 is a simpler way to support SON feature. Therefore, a new F1AP need to be introduced in Rel-16 to support SON feature.
Proposal 7: a new F1AP need to be introduced in Rel-16 to support SON feature.
3	Proposal
In this contribution, the detail PRACH parameters exchange between nodes were discussed. And our proposals are given as follows:
Proposal 1: There is no need to define the absoluteFrequencyPointA and freqBandIndicatorNR in X2AP and XnAP message. 
Proposal 2: The scs-SpecificCarrier, frequencyShift7p5kh, and UL BWP shall be contained in existing “NR frequency Info” IE to indicates basic parameters of an uplink carrier. And the presence of frequencyShift7p5khz is optional.
Proposal 3: It is need to define two new IEs ssb-PositionsInBurst and tdd-UL-DL configurationCommon in “Served NR Cell Information” and “NR Neighbour Information” IE.
Proposal 4: The independent PRACH configuration IE for both NUL and SUL should be exchanged between nodes
Proposal 5: the SA and MR-DC shall be considered in RACH Optimization for Rel-16 SON.MDT WI phase.
Proposal 6: All the parameters confirmed by RAN1 reply LS shall be contained the existing X2/XnAP IE “Served NR Cell Information” and “NR Neighbour Information” to indicate the PRACH configuration for serving cell and neighbour cells. 
Proposal 7: a new F1AP need to be introduced in Rel-16 to support SON feature.
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