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Introduction
In recent RAN WG3 meetings, most companies agreed that RACH optimisation should at least follow the current LTE method, including that neighbour RAN nodes may exchange their own PRACH configuration respectively in order to mitigate interference. As specified in TS 38.211, however, the PRACH configuration in NR does not exactly follow the same mechanism as in E-UTRA, which makes it improper or even impossible to copy the E-UTRA IEs into NR-related specifications. In this contribution we analyse what adaption should (or could) be performed for NR.
Discussion
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Multiple sets of PRACH configuration per cell
At first we would analyse how many sets of PRACH configuration need to be exchanged between RAN nodes.
In E-UTRA, RA resource is usually completely in a per-cell granularity, which means all UEs connecting to a given E-UTRA cell share the same PRACH configuration. This makes the eNB only need to monitor one set of RA resource. As a result, one eNB only needs to inform its neighbour about one set of PRACH configuration currently in use:
	[bookmark: _Toc535237697][bookmark: _Toc535237739]9.2.8	Served Cell Information
This IE contains cell configuration information of a cell that a neighbour eNB may need for the X2 AP interface.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	///////////// Skip irrelevant fields //////////////

	PRACH Configuration
	O
	
	PRACH Configuration
9.2.50
	
	YES
	ignore

	///////////// Skip irrelevant fields //////////////



9.2.50	PRACH Configuration
This IE indicates the PRACH resources used in neighbor cell.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RootSequenceIndex
	M
	
	INTEGER
(0..837)
	 See section 5.7.2. in TS 36.211 [10]
	–
	–

	ZeroCorrelationZoneConfiguration
	M
	
	INTEGER
(0..15)
	See section 5.7.2. in TS 36.211 [10]
	–
	–

	HighSpeedFlag
	M
	
	BOOLEAN
	TRUE corresponds to Restricted set and FALSE to Unrestricted set. See section 5.7.2 in TS 36.211 [10]
	–
	–

	PRACH-FrequencyOffset
	M
	
	INTEGER
(0..94)
	See section 5.7.1 of TS 36.211 [10]
	–
	–

	PRACH-ConfigurationIndex
	O
	
	INTEGER
(0..63)
	Mandatory for TDD, shall not be present for FDD.
See section 5.7.1. in TS 36.211 [10]
	–
	–






In NR, however, the introduction of some new features (especially BWP and BFR) makes it quite common to configure multiple sets of RA resource per cell. Even though these “additional” sets of PRACH resource can only be provided in per-UE RRC messages in various forms (relative to carrier and BWP configuration), for efficiency and ease of management, one cell tends to reserve only a few semi-static blocks of time-frequency resource dedicated for RA, and determines their formats respectively prior to configuring them to UEs. It would be beneficial if we allow a gNB to exchange not only the set of PRACH configuration it broadcasts but also the “candidate” sets of PRACH configuration potentially used in per-UE dedicated configuration.
Proposal 1: One gNB may inform its neighbour about multiple sets of PRACH configuration currently in use or reserved as candidates for dedicated signalling.
Content of each set of PRACH configuration
Now we would discuss the content of each set. Before focusing the detail, we would review what we did in LTE when working on Rel-9 SON.
In RAN2#67bis meeting, RAN2 determined what PRACH parameters should be exchanged between eNBs. Two types of parameters were identified according to their usage:
· Preamble sequence generation: rootSequenceIndex, zeroCorrelationZoneConfiguration, and highSpeedFlag [1].
· Frequency resource to send RA MSG1: prach-FreqOffset for FDD cells, while both prach-FreqOffset and prach-ConfigIndex for TDD cells [2].
Although (Rel-9) TS 38.211 also specified the time resource to send RA preambles (the starting point and the length as well), RAN2 did not figure out the benefit to coordinate it between eNBs. Following we would analyse these two types separately.
Preamble sequence generation
The method of preamble sequence generation does not change much. The major difference comes from the RRC layer.
In (Rel-9) E-UTRA, three types of physical preamble generation method are defined: “unrestricted set”, “restricted set type A” and “restricted set type B”. Which method should be used by a UE to generated its preamble sequence should be selected according to whether the UE should use PRACH preamble Set 1 or PRACH preamble Set 2, as well as whether the RRC Boolean field highSpeedFlag is configured as “true” or “false”:
	
	highSpeedFlag = false
	highSpeedFlag = true

	PRACH preamble Set 1
	unrestricted set
	restricted set type A

	PRACH preamble Set 2
	restricted set type B
	restricted set type B



In NR, these three types of restriction set in E-UTRA are still followed, while the indication is simplified. Now it is indicated by the RRC enumerated field restrictedSetConfig directly (there is no longer any highSpeedFlag field in NR):
RACH-ConfigCommon ::=        SEQUENCE {
///////////////////////////////////irrelevant fields omitted///////////////////////////////////////
    restrictedSetConfig      ENUMERATED {unrestrictedSet, restrictedSetTypeA, restrictedSetTypeB},
///////////////////////////////////irrelevant fields omitted///////////////////////////////////////
    ...
}
Therefore we could simply exchange the field restrictedSetConfig instead.
In addition, restricted sets are only applicable for the case of  or  (i.e.  as of Table 6.3.3.2-1 of TS 38.211) as indicated in Table 6.3.3.1-1 and Table 6.3.3.1-2 of TS 38.211. Therefore it is not needed to exchange restrictedSetConfig for the case of .
Proposal 2: The following 3 fields should be included within each set of PRACH configuration: prach-RootSequenceIndex, zeroCorrelationZoneConfig, for any case, and restrictedSetConfig for the case of .
Frequency to use
The method to indicate the frequency to send random access MSG1 does differ much from (Rel-9) E-UTRA. In (Rel-9) E-UTRA there is only one band per cell so that the frequency can be clearly identified by a PRB offset. In NR, however, the frequency is deduced by a much more complex method as specified in §5.3.2 of TS 38.211:
	
The time-continuous signal  on antenna port  for PRACH is defined by




There are many fields which affect the frequency to send the RA MSG1, i.e.  and :
·  as implied in the RRC field prach-RootSequenceIndex or prach-ConfigurationIndex;
·  as either implied in the RRC field prach-ConfigurationIndex for the case of , or indicated by the RRC field msg1-SubcarrierSpacing for the case of ;
· ,  as indicated in the configuration of the relevant BWP (see in the annex for detail);
·  as indicated by the RRC field msg1-FrequencyStart;
·  as selected by the UE, with its upper limit indicated in the RRC field msg1-FDM; and
·  and  as deduced from ,  and , as specified in Table 6.3.3.2-1 of TS 38.211.
What makes the situation even worse is that BWPs are configured in a per-UE fashion, e.g. different UE can be configured with different first active BWPs with different  and/or  in order for different bandwidth, while still share the same PRACH resources.
In order to avoid getting involved deep into so many physical parameters, here we suggest a “break out” solution, i.e. to add up these parameters into a much cleaner version:
· the subcarrier spacing for RA ;
· an absolute frequency point , which is completely determined by the network, corresponding to  in TS 38.211, or synonymously, the frequency of the lowest subcarrier which can be used to send MSG1 minus ;
· , which depends on the UE selection; and
· , which can deduced from the network configuration.
Following is the analysis on how to encode these four items.
The subcarrier spacing for RA : As provided above, this IE is either implied in the RRC field prach-ConfigurationIndex for the case of , or indicated by the RRC field msg1-SubcarrierSpacing for the case of .
The absolute frequency point : This item is always possible to be encoded directly as  (NR-AFRCN) and an optional  (similar to RRC field frequencyShift7p5khz) as defined in §5.4.2.1 of TS 38.104 (see in the annex for explanation on why it is always possible).
: We should examine its factor one by one.  depends on UE selection and the network can only define its value range with the RRC field msg1-FDM,  is now a constant “12” as defined in §4.4.4.1 of TS 38.211,  is already given above, and the left factor is . After checking with Table 6.3.3.2-1 of TS 38.211, the value of  can be summarised as following:
	
	839
	839
	839
	839
	839
	839
	139
	139
	139
	139
	139
	139
	139
	139
	139
	139

	 (kHz)
	1.25
	1.25
	1.25
	5
	5
	5
	15
	15
	15
	30
	30
	30
	60
	60
	120
	120

	 (kHz)
	15
	30
	60
	15
	30
	60
	15
	30
	60
	15
	30
	60
	60
	120
	60
	120

	
	6
	3
	2
	24
	12
	6
	12
	6
	3
	24
	12
	6
	12
	6
	24
	12

	
	72
	72
	96
	72
	72
	72
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12



We can find that the value of  can be either “72” or “96” for , and a constant “12” for . Hence we propose:
For the case of , the value of  can be deduced from the RRC field subcarrierSpacing of the corresponding BWP (i.e. ) along with the  provided above; while for the case of , we need not introduce any new field at present as its value is currently a constant “12”.
: The analysis is similar. For the case of , the value of  can be deduced from the RRC field subcarrierSpacing of the corresponding BWP (i.e. ) along with the  provided above; while for the case of , we need not introduce any new field at present as its value is currently a constant “2” as specified in Table 6.3.3.2-1 of TS 38.211.
Proposal 3: Following information should also be included, in order to clearly indicate the available frequencies to send random access MSG1 for each given set of PRACH configuration:
For both the case of  and the case of :
· an NR-ARFCN and an optional Boolean field frequencyShift7p5khz, used together to indicate the frequency of the lowest subcarrier which can be used to send MSG1 minus ; and
· msg1-FDM as already defined in TS 38.331, used to indicate the number of PRACH transmission occasions FDMed in one time instance.
For the case of :
· prach-ConfigurationIndex as already defined in TS 38.331, used to deduce  according to Table 6.3.3.2-2 or Table 6.3.3.2-3 of TS 38.211; and
· subcarrierSpacing of the corresponding BWP, used to deduce  and  according to Table 6.3.3.2-1 of TS 38.211.
For the case of :
· msg1-SubcarrierSpacing as already defined in TS 38.331.
Proposed IE structure

[bookmark: _Toc5692021]9.2.2.11	Served Cell Information NR
This IE contains cell configuration information of an NR cell that a neighbouring NG-RAN node may need for the Xn AP interface.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	///////////// Skip irrelevant fields //////////////

	NR PRACH Configuration List
	O
	
	9.2.2.x
	



	Range bound
	Explanation

	maxnoofBPLMNs
	Maximum no. of broadcast PLMNs by a cell. Value is 12.

	maxnoofPRACHconfigs
	Maximum no. of broadcast PRACH configuration per cell. Value is 256.



9.2.2.x	NR PRACH Configuration List
This IE indicates the PRACH resources used or reserved in the current cell.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	NR PRACH Configuration Item
	
	1..<maxnoofPRACHconfigs>
	
	

	>Reference ARFCN
	M
	
	INTEGER (0.. maxNRARFCN)
	Absolute frequency of the lowest subcarrier which can be used to send MSG1 minus  in Section 5.3.2 in TS 38.211 [x].

	>FrequencyShift7p5khz
	O
	
	ENUMERATED (TRUE)
	Enable the NR UL transmission with a 7.5 kHz shift to the LTE raster. If the field is absent, the frequency shift is disabled.

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

	>CHOICE Frequency-Domain-Length
	M
	
	
	

	>>L839
	
	
	
	

	>>>L839 Info
	
	1
	
	

	>>>>BWP Subcarrier Spacing
	M
	
	ENUMERATED (khz15, khz30, khz60, khz120, …)
	Subcarrier Spacing used in the relative BWP, i.e.  in Section 5.3.2 in TS 38.211 [x].

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

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

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

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

	>>L139
	
	
	
	

	>>>L139 Info
	
	1
	
	

	>>>>MSG1 Subcarrier Spacing
	M
	
	ENUMERATED (khz15, khz30, khz60, khz120, …)
	Subcarrier Spacing used in sending MSG1, i.e.  in Section 5.3.2 in TS 38.211 [x].

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

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




Conclusion
Proposal 1: One gNB may inform its neighbour about multiple sets of PRACH configuration currently in use or reserved as candidates for dedicated signalling.
Proposal 2: The following 3 fields should be included within each set of PRACH configuration: prach-RootSequenceIndex, zeroCorrelationZoneConfig, for any case, and restrictedSetConfig for the case of .
Proposal 3: Following information should also be included, in order to clearly indicate the available frequencies to send random access MSG1 for each given set of PRACH configuration:
For both the case of  and the case of :
· an NR-ARFCN and an optional Boolean field frequencyShift7p5khz, used together to indicate the frequency of the lowest subcarrier which can be used to send MSG1 minus ; and
· msg1-FDM as already defined in TS 38.331, used to indicate the number of PRACH transmission occasions FDMed in one time instance.
For the case of :
· prach-ConfigurationIndex as already defined in TS 38.331, used to deduce  according to Table 6.3.3.2-2 or Table 6.3.3.2-3 of TS 38.211; and
· subcarrierSpacing of the corresponding BWP, used to deduce  and  according to Table 6.3.3.2-1 of TS 38.211.
For the case of :
· msg1-SubcarrierSpacing as already defined in TS 38.331.
Based on the proposals above, we proposed 4 CRs [3–6]. For EN-DC, in order to facilitate PRACH coordination between en-gNBs, we also add the PRACH information within the “NR Neighbour Information” IE of an E-UTRA cell.
If RAN3 considers the analysis above generally RAN1/RAN2 issues and cannot make the final decision, we are also happy to send an LS toward RAN1/RAN2 for consultant [7].
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Annex: Explanation of the frequency part of the formula in §5.3.2 of TS 38.211
Signal of PRACH is specified in §5.3.2 of TS 38.211:
	
The time-continuous signal  on antenna port  for PRACH is defined by




Obviously,  is a simple sum of  harmonic waves, whose relative frequency spreads from  toward . This frequency is provided assuming the centre frequency of the configured carrier with the largest  (i.e. ) equals to zero. 
Hence we can understand the value of :

Note:  is a constant which equals to 12.
Here  equals to the subcarrier spacing of the configured carrier with the largest . In §3.2 of TS 38.211, the parameter  is defined so that . For , we have . Therefore:

Following we will explain the five items in the formula above one by one.
Centre of carrier → Point A
The first item, i.e. , moves the start point toward the frequency of the “Point A”.
As specified in §4.4.4.2 of TS 38.211, the “Point A” is indicated directly with an NR-ARFCN for any case other than the initial cell selection, which de facto require that the “Point A” should always be possible to be defined with an NR-ARFCN. The detail definition of Point A is within §5.4.2.1 of TS 38.104:
	[bookmark: _Toc5279561]5.4.2.1	NR-ARFCN and channel raster
[bookmark: _Hlk515622859][bookmark: _Hlk514074796][bookmark: _Hlk514074832][bookmark: _Hlk514074872][bookmark: _Hlk515622922][bookmark: _Hlk514075221]The global frequency raster defines a set of RF reference frequencies FREF. The RF reference frequency is used in signalling to identify the position of RF channels, SS blocks and other elements. The global frequency raster is defined for all frequencies from 0 to 100 GHz. The granularity of the global frequency raster is ΔFGlobal.
RF reference frequencies are designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range [0…3279165] on the global frequency raster. The relation between the NR-ARFCN and the RF reference frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and NREF is the NR-ARFCN.
	FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165



[bookmark: _Hlk514075025]///////////////////////////////////////////////////////////////////// skip irrelevant text /////////////////////////////////////////////////////////////////////////
For SUL bands and for the uplink of all FDD bands defined in table 5.2-1,
	FREF,shift = FREF + Δshift,  Δshift = 0 kHz or 7.5 kHz
where Δshift is signalled by the network in higher layer parameter frequencyShift7p5khz [11].
///////////////////////////////////////////////////////////////////// skip irrelevant text /////////////////////////////////////////////////////////////////////////



For SUL bands or UL of FDD bands, the frequency of “Point A” is the exact value of FREF,shift. Otherwise the frequency of “Point A” is the exact value of FREF. Therefore the frequency of “Point A” can be indicated with an NR-ARFCN and an optional frequencyShift7p5khz. In TS 38.331 These two fields are both delivered within either UplinkConfigCommon or UplinkConfigCommonSIB, which means that they should be configured common to all UEs connecting to this cell.
The NR-ARFCN(s) mentioned here is also identical to the NR-ARFCN(s) delivered within “Served Cell Information NR” in TS 38.423 or other RAN WG3 specifications, however current RAN WG3 specifications lack of any frequencyShift7p5khz IEs.
Point A → subcarrier 0 of virtual resource block 0
The second item, i.e. , moves the start point toward the frequency of “subcarrier 0” of “virtual resource block 0”.
Ordinarily, the value of —and the value of , which we will face later—are deduced from a RIV value, namely the locationAndBandwidth field within BWP in TS 38.331. The range of  and  are both limited in §6.1.2.2.2 of TS 38.214:
	

An uplink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting virtual resource block () and a length in terms of contiguously allocated resource blocks. The resource indication value is defined by 

if  then


else 




where 1 and shall not exceed. 



Note: TS 38.214 uses different symbols for the same meaning compared with other specifications such as TS 38.211:
·  in TS 38.214 means the number of resource blocks within the BWP, identical to  in TS 38.211;
·  in TS 38.214 means the maximum  allowed to configured, which value is defined as 275 as in §12 of TS 38.213;
·  in TS 38.214 means the frequency offset from “Point A” toward the frequency of “subcarrier 0” of “virtual resource block 0” of this BWP, counting in length of resource blocks, identical to  in TS 38.211.
Therefore we can deduce that:



Although there do exist some other ways to indicate the starting point and the bandwidth of a BWP, their limit on  and  is even narrower.
Within a BWP, resource blocks are numbered from 0 to  as specified in §4.4.4.5 of TS 38.211.
Subcarrier 0 of virtual resource block 0 → reference frequency of a set of PRACH configuration
The third item, i.e. , moves the start point toward a frequency value here defined as a “reference frequency” of the considered set of PRACH configuration.
The value of   is provided directly with the RRC field msg1-FrequencyStart as of TS 38.331. In addition, it is specified that:
	msg1-FrequencyStart
Offset of lowest PRACH transmission occasion in frequency domain with respective to PRB 0. The value is configured so that the corresponding RACH resource is entirely within the bandwidth of the UL BWP. (see TS 38.211 [16], clause 6.3.3.2).



Since the RRC ASN.1 limits that the  is non-negative, we can deduce that:

Since the fourth item  and the fifth item  are both non-negative, and the frequency length of MSG1 is either  or , in order to guarantee the MSG1 is sent within the relative UL BWP, there should be:

And hence:

Reference frequency of a set of PRACH configuration → reference frequency to send MSG1
The fourth item, i.e. , moves the start point toward a frequency value here defined as a “reference frequency” to send MSG1.
In fact, the value of  is determined as the smallest integer which makes two FDM MSG1s not to overlap with each other. Hence  tends to be slightly larger than . This explains why  tends to be a constant.
Reference frequency to send MSG1 → frequency of the lowest subcarrier to send MSG1
The fourth item, i.e. , moves the start point toward the frequency of the subcarrier for which  to send MSG1.
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