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Introduction
During the offline discussion last meeting [1], the key opinion split is still over the number of cells which PRACH configuration a gNB-CU can provide toward a gNB-DU in a F1AP message for PRACH coordination, and similarly, an eNB can provide toward an en-gNB for PRACH coordination. Five options were listed in the offline summary:
· Option a: Large number of PRACH configurations from CU without further CU assistance to DU (DU resolves PRACH configuration conflicts locally)
· Option b: Large number of PRACH configurations from CU with CU assistance (RACH failure rate in neighbour cells) to DU (DU resolves PRACH configuration conflicts locally)
· Option c: Small number of PRACH configurations from CU to DU (DU resolves PRACH configuration conflicts after requesting further CU assistance through more PRACH configurations)
· Option d: Large number of PRACH configurations from CU to DU (DU resolves PRACH configuration conflicts after requesting  further CU assistance through more PRACH configurations)
· Option e: gNB-CU signals up to 32 neighbour PRACH configurations to gNB-DU, together with the Cell ID of the cell potentially in conflict (DU resolves PRACH configuration conflicts locally)
In this contribution we would like to shown why a “high number” is proper, taken the features introduced in NR in to consideration.
Discussion
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]The first question is when a PRACH conflict will occur in NR.
Similar to the case with E-UTRA, PRACH conflict will occur when one UE camping in one cell sends a PRACH preamble, but the format of this preamble, taken the frequency domain, time domain and coding domain into account, is completely the same as a neighbour cell.
One may argue that the spatial domain should also be taken into account, as the feature SSB area is used in NR. However this is not true, because the PRACH, as a physical channel, does not use any spatial domain multiplexing (SDM) at least from the perspective of specs. And using a much more “omnidirectional” mode (i.e. covering the entire cell) when receiving the random access preambles is a common implementation, with one reason that this is simple and another reason that multiple SSB areas may share the same RACH occasion, as indicated by the field SSB per RACH Occasion.
As the result, PRACH conflict will occur regardless of whether the SSB area bordering the “interfering” cell uses the PRACH resource in question. It is still a cell-level issue at the side of “interfered” cell.
[image: ]
Figure 1: Preambles are chosen in a per-SSB-area manner, but received in a per-cell manner.
Observation 1: PRACH conflict will occur if one SSB area in a cell uses a PRACH resource which is in conflict with the PRACH configuration of an SSB area of the cell’s neighbour cell, as long as the latter SSB area borders the former cell, regardless of whether the two SSB areas themselves borders each other.
Therefore, the occurrence of PRACH conflict in NR is not expected to be significantly rarer than the case in E-UTRA.
Based on the analysis above, we propose to follow the approach we used for E-UTRA when exchanging the PRACH configurations: to “push” all the PRACH configurations toward the cell which can solve any potential conflict.
Considering RAN3 has agreed that it should be the gNB-DU to solve the conflicts, this means that the gNB-CU needs to push toward the gNB-DU of all the PRACH configurations of neighbour cells which are possible to be in conflict and such conflict should be solved by this gNB-DU (i.e. the gNB-CU should usually perform some filtering before pushing the PRACH configurations).
Since one gNB-DU can be as large as hosting 512 NR cells, it is reasonable to “push” the PRACH configurations of a “high number” of neighbour cells.
Proposal 1: Options with a “high number” should be used, i.e. option a, b, and d.
The next question is on where to include the PRACH configuration of neighbour cells.
For X2AP the solution is quite straightforward: there is one § 9.2.98 “NR Neighbour Information” and including it there seems working well. However this structure lacks of IEs that can indicate the location and bandwidth of carriers (except the ones of the SUL), the TDD pattern and the number of SSB, so we have to add them as well.
Observation 2: The current structure of § 9.2.98 “NR Neighbour Information” lacks of IEs that can indicate the location and bandwidth of carriers (except the ones of the SUL), the TDD pattern and the number of SSB, which are necessary to determine the configuration of PRACH.
Proposal 2: An optional IE “NR Cell PRACH Configuration” is proposed to be added into the § 9.2.98 “NR Neighbour Information” inside TS 36.423, as well as some necessary IEs to deliver the location and bandwidth of carriers, the TDD pattern and the number of SSB.
But for the F1AP the case is a little bit complex. It has ever been proposed to include it into the existing Neighbour Cell Information List IE, but there has been some concern that it may disturb the CLI function. According to the current version of TS 38.473:
	If the Intended TDD DL-UL Configuration NR IE is absent from the Neighbour Cell Information List IE, whereas the corresponding NR CGI IE is present, the receiving gNB-DU shall remove the previously stored Neighbour Cell Information IE corresponding to the NR CGI.


The field Intended TDD DL-UL Configuration NR is defined as a “release-if-absent” one, making the Neighbour Cell Information List not suitable to extend for any function not related to CLI.
Observation 3: The field Intended TDD DL-UL Configuration NR is defined as a “release-if-absent” one, making the Neighbour Cell Information List not suitable to extend for any function not related to CLI.
Therefore we propose to add a list of neighbour cells directly within some F1AP DL messages, namely “Cell Information Notification List”, with PRACH coordination-related parameters included within it as optional IEs. Unlike the feature TDD CLI, there is already a method to indicate a release of PRACH configuration: setting the list length as zero. Therefore we do not need the “absence of PRACH configuration” serves as an indication of release—instead it means “no change”, similar to most interface IEs. As the result, “Cell Information Notification List” can be further expanded for other purposes in the future.
There was some doubt on whether it is necessary to add into the F1 SETUP RESPONSE message as well, claiming that there is no use case as F1 interface is always setup before Xn interface. However such claim is not true.
In gNB-CU/DU split structure it could be a common case that one gNB-CU can cover a considerably large area, and adding new gNB-DU into it after every other interfaces were already setup. The gNB-CU is anyhow possible to get the neighbouring information for the cells being setup during this setup procedure, e.g. from the OAM, so that it can fill the neighbouring information correctly over the Xn interface.
Thus there is still some use case to deliver neighbour cells’ PRACH configuration toward a gNB-DU within the F1 SETUP RESPONSE message.
Observation 4: There are some cases that F1 interface is setup when Xn interface exists and the gNB-CU knows the cell neighbour relation, e.g. adding new gNB-DU toward an existing gNB-CU.
Considering the abovementioned observation that its length should be similar to the one reported from the gNB-DU toward the gNB-CU, we propose to define its maximum length as maxCellingNBDU for alignment. This is also the length of the Neighbour Cell Information List.
Proposal 3: A new IE, namely “Cell Information Notification List”, is proposed to be included into the following F1AP messages: F1 SETUP RESPONSE, GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE and GNB-CU CONFIGURATION UPDATE.
Proposal 4: The maximum length of the “Cell Information Notification List” should be maxCellingNBDU for alignment.
Proposal 5: IEs related to PRACH coordination should be added into each item of the new “Cell Information Notification List” IE in order to carry the PRACH configuration of the cells belonging to other gNB(-DU)s toward the gNB-DU.
Considering that there is yet no method over F1AP to inform the gNB-DU about what cell neighbours to a given cell served by the gNB-DU, we propose to add a “Served Cell Neighbouring List” for each notified neighbour cell, each item of which contains only an NR CGI (thus minimise the signalling cost) of the cells served by the gNB-DU and neighbouring the cell indicated by the NR CGI included directly within the “NR Cell Information Notification Info”.
Proposal 6: A new NR CGI list, namely “Served Cell Neighbouring List”, should be added into each item of the new “Cell Information Notification List” IE in order to indicate what cell served by the gNB-DU is a neighbour to the cell whose PRACH configuration is contained in the message.
Conclusion
Observation 1: PRACH conflict will occur if one SSB area in a cell uses a PRACH resource which is in conflict with the PRACH configuration of an SSB area of the cell’s neighbour cell, as long as the latter SSB area borders the former cell, regardless of whether the two SSB areas themselves borders each other.
Proposal 1: Options with a “high number” should be used, i.e. option a, b, and d.
Observation 2: The current structure of § 9.2.98 “NR Neighbour Information” lacks of IEs that can indicate the location and bandwidth of carriers (except the ones of the SUL), the TDD pattern and the number of SSB, which are necessary to determine the configuration of PRACH.
Proposal 2: An optional IE “NR Cell PRACH Configuration” is proposed to be added into the § 9.2.98 “NR Neighbour Information” inside TS 36.423, as well as some necessary IEs to deliver the location and bandwidth of carriers, the TDD pattern and the number of SSB.
Observation 3: The field Intended TDD DL-UL Configuration NR is defined as a “release-if-absent” one, making the Neighbour Cell Information List not suitable to extend for any function not related to CLI.
Observation 4: There are some cases that F1 interface is setup when Xn interface exists and the gNB-CU knows the cell neighbour relation, e.g. adding new gNB-DU toward an existing gNB-CU.
Proposal 3: A new IE, namely “Cell Information Notification List”, is proposed to be included into the following F1AP messages: F1 SETUP RESPONSE, GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE and GNB-CU CONFIGURATION UPDATE.
Proposal 4: The maximum length of the “Cell Information Notification List” should be maxCellingNBDU for alignment.
Proposal 5: IEs related to PRACH coordination should be added into each item of the new “Cell Information Notification List” IE in order to carry the PRACH configuration of the cells belonging to other gNB(-DU)s toward the gNB-DU.
Proposal 6: A new NR CGI list, namely “Served Cell Neighbouring List”, should be added into each item of the new “Cell Information Notification List” IE in order to indicate what cell served by the gNB-DU is a neighbour to the cell whose PRACH configuration is contained in the message.
Based on abovementioned proposals, we draft two TPs accordingly [2–3].
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