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Introduction
RAN3 is now working with introducing SON/MDT function into NR networks, including PRACH coordination between cells. However, there is some difference between E-UTRA and NR on parameters related with PRACH, which makes RAN3 unable to determine what parameters need to be transferred between the cells. Therefore one LS was sent toward RAN1 and RAN2 in RAN3#105bis meeting, asking for guidance [1]:
	RAN3 has studied PRACH configuration conflict detection as part of RACH optimization in TR 37.816. RAN3 has agreed that PRACH configuration conflict detection should be supported as a SON function in Rel-16. 
PRACH configuration conflict detection aims at optimisation of PRACH configurations in adjacent cells in a way to avoid or reduce the probability of the following failure scenario:
· Msg1 is received by two or more cells due to PRACH configuration conflict.
RAN3 would like to enable a solution for RACH Configuration Conflict resolution where gNBs exchange PRACH configuration information on the Xn interface, as well as on the F1 interface between gNB-CU and gNB-DU in case of split deployment and where such information is used to select a new PRACH configuration that does not collide with neighbour cells configurations. RAN3 would like to ask the following questions to RAN1 and RAN2:
In LTE, only frequency resource and preamble sequence generation (Root Sequence Index) information is coordinated between two neighbour nodes. RAN3 would like to know whether the same principle should apply for PRACH configuration information exchange for NR. RAN3 would like to have guidance from RAN1 and RAN2 on the list of PRACH configuration parameters to be exchanged on network interfaces for PRACH configuration conflict detection.



In this contribution, we will analyse this issue and propose one reply LS accordingly.
Discussion
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]According to the LS from RAN3, the major motivation for PRACH coordination is to prevent two neighbour cells monitoring entirely the same PRACH resources, which will cause a scenario that one UE is sending a preamble toward Cell A but misunderstood by Cell B as sending this preamble toward the latter.
Such case may occur not only when accessing into the initial BWP of Cell A by using the PRACH configuration broadcast in the system information, but also occur when accessing into one dedicated BWP of Cell A by using the PRACH configuration unicast in one UE-dedicated RRC message (usually an RRCReconfiguration message), which might be different from the former.
Considering NR features such as BWP (which may prevent the UE from utilising the PRACH of its initial BWP if they do not overlap) and Beam Failure Recovery, utilisation of these “additional” PRACH resources can be quite usual. If two neighbour cells configures different PRACH resources for initial access but same PRACH resources for BFR for their UEs respectively, there can still be a considerable probability of confusion whenever one of these UEs send a preamble.
Observation 1: It is common in NR to utilise dedicated configured PRACH resource other than the one broadcast in the system information.
From the perspective of implementation, one cell tends to reserve some physical resource for dedicated PRACH configuration, since multiple UEs can share the same physical resource for PRACH as long as they are configured with different ra-PreambleIndex, and thus significantly reduces the cost (the network has to monitor every PRACH occasion once configured for at least one UE for BFR, which makes it quite costly not to reuse them among UEs). Therefore, we believe that it is beneficial for two cells to exchange not only the “common” PRACH configuration broadcast in the system information, but also the “reserved” PRACH configuration which can be used in dedicated RRC signalling.
Proposal 1: One NR cell may inform its neighbour about multiple sets of PRACH configuration currently broadcast or reserved for dedicated configuration.
PRACH resources can be determined by three dimensions of parameters: the ones w.r.t. preamble sequence generation, the ones w.r.t. the time domain, and the ones w.r.t. the frequency domain. As long as one of these parameters is different at least, the abovementioned confusion is prevented (with some exceptions e.g. considering FDM, nevertheless here we do not intend to get two much involved into detail). Therefore all of these three types of parameters should be exchanged.
Proposal 2: For each set of PRACH configuration exchanged between NR cells, following information should be included: parameters for preamble sequence generation, the time position to send the preamble and the frequency position to send the preamble.
Following we will discuss them one by one.
Preamble sequence generation
In E-UTRA, there are three parameters exchanged between cells mainly related with preamble sequence generation: RootSequenceIndex, ZeroCorrelationZoneConfiguration and HighSpeedFlag as specified in §9.2.50 of TS 36.423, and in NR we should follow a similar principle. The first two parameters are followed in NR, while the last one was substituted with restrictedSetConfig:
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 directly by the RRC enumerated field restrictedSetConfig within RRC signalling (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 3: 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 .
Time domain
Similar to the case in E-UTRA, the time domain position of the PRACH occasion is completely determined with the prach-ConfigurationIndex within RRC signalling. Since the SFN of vast majority of NR cells are synchronised, we think exchanging the prach-ConfigurationIndex is also beneficial, as it allows different cells to use different subframes or slots for PRACH.
Proposal 4: Following fields should be included within each set of PRACH configuration: prach-ConfigurationIndex.
Frequency domain
The method to indicate the frequency of the PRACH occasion 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




Currently, the only information w.r.t. the frequency exchanged between neighbour cells is the NR-ARFCN of the Point A, one for the UL band and another for the SUL if applicable. There is no information of w.r.t. any BWP. Thus we have to account for every parameter which affects the frequency position of PRACH occasion, i.e.  and :
· Whether this preamble is sent on UL or SUL (used to determine from what Point A to start);
·  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 by the RRC field subcarrierSpacing;
·  as indicated by the RRC field offsetToCarrier and RRC field locationAndBandwidth 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.
Observation 2: The only information w.r.t. the frequency of PRACH occasions exchanged between neighbour cells is the NR-ARFCN of the Point A, one for the UL band and another for the SUL if applicable. There is no information of w.r.t. any BWP.
What makes the situation even worse is that BWPs are configured in a per-UE manner, e.g. different UE can be configured with different active BWPs with different  in order for different bandwidth, while still share the same PRACH resources.
For example, one cell has a PRACH occasion with a start point 10-resource-block higher than the Point A. This PRACH occasion can be used for a UE with  by configuring , for a UE with  by configuring , and for a UE with  by configuring  as well. Considering the flexibility of BWP configuration, such case will be quite common. (See also Figure 1.)
In order to avoid getting coupled with the flexible BWP configurations, we propose a “decoupled” solution, i.e. to add up the two flexible items into one constant one, namely . For the example given above, we can have .
As a result, we can see a much cleaner set of parameters which can accurately identify the frequency position of one PRACH occasion:
· An indicator about whether this PRACH occasion is within UL or SUL.
· Subcarrier spacing of the BWP , i.e. the subcarrier spacing of the related carrier: RRC field subcarrierSpacing.
· Subcarrier spacing for RA : either implied in the RRC field prach-ConfigurationIndex for the case of  (NOTE: already provided in Proposal 4), or indicated by the RRC field msg1-SubcarrierSpacing for the case of .
· An absolute offset  from the “Point A” counting (common) in resource blocks, which is completely determined by the network, equals to  in TS 38.211. Its range is .
· , which depends on the UE selection.
Any other parameters are either de facto do not affect the frequency position, or can be deduced from these five parameters (See in the annex for more information).
Proposal 5: Following information should also be included for each given set of PRACH configuration, in order to accurately indicate the frequency position(s) of the PRACH occasion(s):
For both the case of  and the case of :
· an indicator on whether the PRACH occasion is within the UL band or the SUL band, used to determine from which “Point A” to calculate;
· subcarrierSpacing of the related carrier, as defined in TS 38.331;
· an absolute offset  from the “Point A” counting in (common) resource blocks, which is completely determined by the network, equals to  in TS 38.211 (in TS 38.331  is deduced from offsetToCarrier and locationAndBandwidth altogether, and  is provided as msg1-FrequencyStart), and ranges as ; and
· msg1-FDM as defined in TS 38.331.
For the case of :
· msg1-SubcarrierSpacing as defined in TS 38.331.
However there still remains a small gap: The frequency position of the “Point A” may not be exactly defined by an NR-ARFCN, for either UL part of FR1 FDD band or SUL band—There may be a difference of 7.5kHz between the frequency of NR-ARFCN and the “Point A”. In RRC message, this gap is provided with the field frequencyShift7p5khz, while in RAN WG3 specifications it is yet not provided within NR Frequency Info.
Technically speaking, if two neighbour cells are configured with two PRACH resources which are entirely the same except for this 7.5kHz shift (nevertheless this should be an extremely case), the two cells can still distinguish which preamble is sent to which cell, and thus no confusion. Therefore, we think this parameter should also be taken into account in order to achieve a more accurate “Point A”.
Proposal 6: The field Frequency Shift 7p5kHz should also be taken into consideration.
Conclusion
Observation 1: It is common in NR to utilise dedicated configured PRACH resource other than the one broadcast in the system information.
Proposal 1: One NR cell may inform its neighbour about multiple sets of PRACH configuration currently broadcast or reserved for dedicated configuration.
Proposal 2: For each set of PRACH configuration exchanged between NR cells, following information should be included: parameters for preamble sequence generation, the time position to send the preamble and the frequency position to send the preamble.
Proposal 3: 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 4: Following fields should be included within each set of PRACH configuration: prach-ConfigurationIndex.
Observation 2: The only information w.r.t. the frequency of PRACH occasions exchanged between neighbour cells is the NR-ARFCN of the Point A, one for the UL band and another for the SUL if applicable. There is no information of w.r.t. any BWP.
Proposal 5: Following information should also be included for each given set of PRACH configuration, in order to accurately indicate the frequency position(s) of the PRACH occasion(s):
For both the case of  and the case of :
· an indicator on whether the PRACH occasion is within the UL band or the SUL band, used to determine from which “Point A” to calculate;
· subcarrierSpacing of the related carrier, as defined in TS 38.331;
· an absolute offset  from the “Point A” counting in (common) resource blocks, which is completely determined by the network, equals to  in TS 38.211 (in TS 38.331  is deduced from offsetToCarrier and locationAndBandwidth altogether, and  is provided as msg1-FrequencyStart), and ranges as ; and
· msg1-FDM as defined in TS 38.331.
For the case of :
· msg1-SubcarrierSpacing as defined in TS 38.331.
Proposal 6: The field Frequency Shift 7p5kHz should also be taken into consideration.
In conclusion, we propose:
Proposal 7: One NR cell may inform its neighbour about multiple sets of PRACH configuration currently broadcast or reserved for dedicated configuration. For each set of PRACH configuration exchanged between NR cells, following information should be included:
· prach-RootSequenceIndex;
· zeroCorrelationZoneConfig;
· restrictedSetConfig for the case of ;
· prach-ConfigurationIndex;
· an indicator on whether the PRACH occasion is within the UL band or the SUL band, used to determine from which “Point A” to calculate;
· subcarrierSpacing of the related carrier, as defined in TS 38.331;
· an absolute offset  from the “Point A” counting in (common) resource blocks, which is completely determined by the network, equals to  in TS 38.211 (in TS 38.331  is deduced from offsetToCarrier and locationAndBandwidth altogether, and  is provided as msg1-FrequencyStart), and ranges as ;
· msg1-FDM as defined in TS 38.331, and;
· msg1-SubcarrierSpacing as defined in TS 38.331, for the case of ; and,
for each UL band, frequencyShift7p5khz as defined in TS 38.331 should also be exchanged along with the NR-ARFCN of the “Point A”.
Based on the proposals above, we draft a reply LS accordingly [2].
Reference
[1] R2-1914329/R3-196270; LS on PRACH configuration conflict detection; RAN3.
[2] R2-1914509; [Draft] Reply LS on PRACH configuration conflict detection; CATT.
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  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:

From this formula we can observe that  comprises of five items:
· 
· 
· 
· 
· 

“decoupling” solution
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[bookmark: _Ref24033996]Figure 1: Five items to the frequent start point of a PRACH occasion.
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 NR-ARFCN 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 physical resource block 0
The second item, i.e. , moves the start point toward the frequency of “subcarrier 0” of “physical 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 the start point of its relevant carrier toward the frequency of “subcarrier 0” of “virtual resource block 0” of this BWP, counting in length of resource blocks. It affects the value of  in TS 38.211, as specified in §12 of TS 38.213: , where  is provided by offsetToCarrier within the SCS-SpecificCarrier.
Subcarrier 0 of physical 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 the preamble is either  or , in order to guarantee the preamble is sent within the relative UL BWP, there should be:

And, since the BWP should locates within the up-to-396MHz UL band:

where the value 2200 corresponds to the largest possible Common Resource Number in this version of specification, deduced from the smallest possible PRB size 180kHz (15kHz multiples , i.e. 12) and the largest possible bandwidth 396000kHz (2200 = 396000 / 180). The same value range can be found in the RRC field offsetToCarrier, caused by a similar mechanism:
    offsetToCarrier                     INTEGER (0..2199),
Hence we can deduce that  should also be an integer ranging from 0 to 2199.
Reference frequency of a set of PRACH configuration → reference frequency to send the preamble
The fourth item, i.e. , moves the start point toward a frequency value here defined as a “reference frequency” to send the preamble.
In fact, the value of , deduced from  and  according to Table 6.3.3.2-1 of TS 38.211, is determined as the smallest integer which makes two FDM PRACH occasions 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 the preamble
The fifth item, i.e. , moves the start point toward the frequency of the subcarrier for which  to send the preamble. The value of  is also deduced from  and  according to Table 6.3.3.2-1 of TS 38.211.
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