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Introduction
In the last RAN WG3 meeting, we had a productive offline discussion over PRACH coordination [1]. In this contribution, we will aim to resolve the few remaining FFSs, as well as suggesting a few minor (i.e. not technical) amendment on IE coding.
Discussion
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]In last RAN3 meeting, the conclusion for PRACH coordination based on offline discussion was as below [1]:
Following agreements were proposed on the last round of offline discussion [1] and was already agreed on-line:
Proposal 1: Introduce NR PRACH Configuration list per UL/SUL for a cell.
Proposal 2: Reuse current NR ARFCN IE instead of introducing new IE.
Proposal 3: Introduce frequencyShift7p5khz per-UL/SUL
Proposal 4: No need to include the freqBandIndicatorNR
Proposal 5: Introduce scs-SpecificCarrierList for UL(DL is FFS).
Note: whether it should be included in serving cell information or PRACH configuration is FFS
Proposal 6: Introduce an optional IE into the Served Cell Information NR structure to indicate the SSB Positions In Burst
Proposal 7: Not introduce any cause IE for random access.
After second round of discussion, it is proposed to agree the following proposals:
Proposal 8: It is proposed to agree exchanging NR PRACH coordination over X2AP
Proposal 9: It is proposed to separate the discussion on SCS-SpecificCarrier for DL with PRACH configuration i.e. remove the SCS-SpecificCarrier for DL in the TP and discuss this issue as a correction
Based on the agreement above
It is proposed to agree the TPs for XnAP/F1AP/X2AP
R3-202745 TP for XnAP
R3-202733 TP for X2AP
R3-202782 TP for F1AP

For following issue is still open:
Issue1: Position to include scs-SpecificCarrierList i.e.it should be per UL/SUL or per PRACH Configuraion.
Issue 2:Whether new TDD pattern should be introduced
Issue3:Whether we needs to distinguishing Root Sequence Index BFR IE from Root Sequence Index,i.e. should both Root Sequence Index BFR IE and Root Sequence Index IE be introduced in the PRACH configuration?
Issue4:Use two IE i.e. Location and Bandwidth (16 bits if no extending) and MSG1 Frequency Start (9 bits if no extending or one IE i.e. MSG1 Frequency Start from Carrier (9 bits if no extending), to present the offset to PRACH
Issue5:Which IE should be used to indicate the mapping between RACH resources and SSB, ssb-perRACH-OccasionAndCB-PreamblesPerSSB or ssb-perRACH-Occasion?
Issue 6: Which message should be used and within which IE the PRACH configuration should be included?
Issue7: Trigger for delivering neighbour cell’s PRACH configuration from gNB-CU to gNB-DU

In this document, we make further analysis on this basis.
2.1 Position to include carrier lists
Technically speaking, scs-SpecificCarrierList is per UL/SUL information, thus reasonable to be included per-UL/SUL rather than per-NR-PRACH-configuration-item, or otherwise there might be a lot of redundancy.
And the next question is whether to include it within the NR Cell PRACH Configuration IE, or within the CHOICE NR-Mode-Info.
We prefer the latter one. The reason is as below:
First, the information in the carrier list can be used for purposes other than PRACH coordination, e.g. telling a neighbour gNB about the exact frequency-domain start/end point of its transmission bandwidth, so that the neighbour gNB can do something to mitigate interference if possible. Putting it within the NR Cell PRACH Configuration IE will inevitably block such usage.
Second, the information in the carrier list should always be used together with the NR ARFCN. Since we have already agreed that the existing NR ARFCN IE can be reused for PRACH coordination, including the carrier list within the NR Cell PRACH Configuration IE provides no benefit when the gNB-CU delivers PRACH configurations of neighbour cells toward the gNB-DU—it has to include at least one NR ARFCN per-UL/SUL outside any PRACH configuration, and moving another per-UL/SUL IE outside the PRACH configuration will not further complicate the IE structure anyhow, i.e.:
>Something for UL	
>>NR ARFCN	
>>Carrier List	
>Something for NUL	
>>NR ARFCN	
>>Carrier List	
>NR Cell PRACH Configuration (same structure as the one from gNB-DU to gNB-CU)	
>>UL PRACH Configuration List	
>>SUL PRACH Configuration List	
is not more complex than
>Something for UL	
>>NR ARFCN	
>Something for NUL	
>>NR ARFCN	
>NR Cell PRACH Configuration (same structure as the one from gNB-DU to gNB-CU)	
>>UL Carrier List	
>>SUL Carrier List	
>>UL PRACH Configuration List	
>>SUL PRACH Configuration List	
Proposal 1: The “Carrier List” IEs should be included within the “NR mode info” structures, rather than the new NR Cell PRACH Configuration structure.
2.2 TDD Pattern
The use of the tdd-UL-DL-ConfigurationCommon information for random access is specified in §8.1 of TS 38.213 as below:
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least [image: ] symbols after a last downlink symbol and at least [image: ] symbols after a last SS/PBCH block symbol, where [image: ] is provided in Table 8.1-2, and if ChannelAccessType-r16 = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. 
And as the analyse by ZTE during the offline discussion last meeting [1], the existing Intended TDD DL-UL Configuration NR IE could be a merge of tdd-UL-DL-ConfigurationCommon and UE-specific parameters—in our understanding this means the Intended TDD DL-UL Configuration NR can overwrite the “flexible” slots in tdd-UL-DL-ConfigurationCommon as UL/DL slots, which makes the two IEs different. If we use Intended TDD DL-UL Configuration NR instead of tdd-UL-DL-ConfigurationCommon, the receiving node may believe that some slots are UL ones and thus there are random access occasions within them, but actually these slots are flexible ones in tdd-UL-DL-ConfigurationCommon and there are no random access occasions.
Although this may not cause any serious problem, we still propose to add a new tdd-UL-DL-ConfigurationCommon for safety.
Proposal 2: A new IE should be included to deliver and release the tdd-UL-DL-ConfigurationCommon.
2.3 Root Sequence Index
The reason we think a dedicated Root Sequence Index BFR is not needed is that rootSequenceIndex-BFR is just the root sequence index for the PRACH configuration set used in BFR procedure. We already agreed to exchange the a list of PRACH configuration for both initial access and beam failure recovery, if the PRACH configuration item is for beam failure recovery, the existing rootSequenceIndex IE could be reused to indicate the rootSequenceIndex for the PRACH configuration set which is used for beam failure recovery. Not including a dedicated rootSequenceIndex-BFR does not mean that the root sequence index used for BFR has to be the same as the one used for other causes, e.g.:
>NR PRACH Configuration List
>>NR PRACH Configuration Item #0 (used for common random access)
>>>>>>Root Sequence Index
>>NR PRACH Configuration Item #1 (used for BFR)
>>>>>>Root Sequence Index
The two Root Sequence Index here can have different values, which means that the root sequence index used for BFR is different from the one used for other causes.
Proposal 3: No need for any additional Root Sequence Index BFR. One Root Sequence Index IE is already sufficient to configure a root sequence indexes used for BFR different from the one used for other cases.
2.4 Frequency offset to PRACH
Two options are raised in [1]:
Option 1: To use two IEs: Location and Bandwidth (16 bits if no extending) and MSG1 Frequency Start (9 bits if no extending), which is the same solution as in Uu. The first IE indicates the difference between the “frequency-domain start point” of the associated BWP and the “frequency-domain start point” of the associated carrier, and the latter IE indicates the difference between the “frequency-domain start point” of the RACH occasion and the “frequency-domain start point” of associated BWP.
Option 2: To use one newly-defined IE: MSG1 Frequency Start from Carrier (9 bits if no extending), indicating the difference between the “frequency-domain start point” of the RACH occasion and the “frequency-domain start point” of associated carrier.
From our point of view, transferring BWP-related parameter over XnAP or F1AP may not be proper, as BWPs (other than the initial BWP) are all configured per UE. Technically, one cell can have a large flexibility on configuring BWPs for each UE. It is very common that different BWPs, configured for different UE, share the same set of PRACH resources, ordinarily albeit not always the PRACH resource for the initial BWP broadcast in SIB1. However, as the field msg1-FrequencyStart is counted from the start point of the BWP, its value has to vary among different BWPs even though they points to the same set of PRACH resources. (See in Figure 1.)


[bookmark: _Ref27148871]Figure 1: Different BWPs sharing the same set of PRACH resources, and the way to bypass them.
If we simply copy all these RRC parameters into RAN3 specifications, the IE structure have to be like this in order to deliver only one FDM group of PRACH occasions:
PRACH Configuration List
>PRACH Configuration Item #X1
>>Subcarrier Spacing (3 bits)
>>Location and Bandwidth (16 bits, used to define BWP #1)
>>MSG1 Frequency Start (9 bits)
>>many other IEs, e.g. PRACH Configuration Index, Root Sequence Index, etc. (many bits)
>PRACH Configuration Item #X2
>>Subcarrier Spacing (3 bits)
>>Location and Bandwidth (16 bits, used to define BWP #2)
>>MSG1 Frequency Start (9 bits)
>>many other IEs, e.g. PRACH Configuration Index, Root Sequence Index, etc. (many bits)
>PRACH Configuration Item #X3
>>Subcarrier Spacing (3 bits)
>>Location and Bandwidth (16 bits, used to define BWP #3)
>>MSG1 Frequency Start (9 bits)
>>many other IEs, e.g. PRACH Configuration Index, Root Sequence Index, etc. (many bits)
This is obviously redundant. Hence we propose a “decoupling” solution, which add the two fields altogether. In this solution the IE structure can be significantly simplified as following:
PRACH Configuration List
>PRACH Configuration Item #X
>>Subcarrier Spacing (3 bits)
>>MSG1 Frequency Start from Carrier (9 bits)
>>many other IEs, e.g. PRACH Configuration Index, Root Sequence Index, etc. (many bits)
Such design also resembles the conventional E-UTRA IE PRACH-FrequencyOffset: the PRACH-FrequencyOffset counts by the frequency length of PRB from the PRB with the lowest frequency within an UL carrier. Here in NR “MSG1 Frequency Start from Carrier” also counts by the frequency length of PRB from the PRB with the lowest frequency within an UL carrier. The underlying logic is the same.
Nevertheless any other feasible solution is also acceptable for us.
Observation 1: Using an E-UTRA-fashion “MSG1 Frequency Start from Carrier” instead of “Location and Bandwidth” and “MSG1 Frequency Start” can mitigate the signalling size and avoid transferring BWP-related parameters within non-UE associated signalling.
In addition, one company suggest renaming the IE’s name to e.g. “PRACH Frequency Start from Carrier”, considering the 2-step RACH feature to be introduced in Rel-16. We agree with this renaming.
Proposal 4: We propose to transfer “PRACH Frequency Start from Carrier” instead of “Location and Bandwidth” and “MSG1 Frequency Start”.
2.5 Mapping between random access occasions and SSBs
Two options are raised in [1]:
Option 1: To use ssb-perRACH-OccasionAndCB-PreamblesPerSSB (5 to 7 bits if no extending). The field description is as below:
	ssb-perRACH-OccasionAndCB-PreamblesPerSSB
The meaning of this field is twofold: the CHOICE conveys the information about the 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. The ENUMERATED part indicates the number of Contention Based preambles per SSB. Value n4 corresponds to 4 Contention Based preambles per SSB, value n8 corresponds to 8 Contention Based preambles per SSB, and so on. The total number of CB preambles in a RACH occasion is given by CB-preambles-per-SSB * max(1, SSB-per-rach-occasion). See TS 38.213 [13].



Option 2: To use ssb-perRACH-Occasion (3 bits if no extending). The field description is as below:
	ssb-perRACH-Occasion
Number of SSBs per RACH occasion.



We have three reasons to choose Option 2:
a. We have agreed that there is no need to distinguish PRACH resources used for different causes. Here the part “CB-PreamblesPerSSB” is only used to define what preambles can be used for CBRA and what preambles can be used for CFRA, thus no need to exchange.
b. According to TS 38.331, the ssb-perRACH-OccasionAndCB-PreamblesPerSSB IE is only applicable for common RACH. For other type of RACH such as dedicated RACH (RACH-ConfigDedicated), SI request (SI-RequestConfig) and BFR (BeamFailureRecoveryConfig), the field ssb-perRACH-Occasion is used directly. If there is a PRACH dedicated for BFR, how should the gNB fill the part “CB-PreamblesPerSSB”?
c. The IE structure of Option 2 is much simpler than Option 1 and cost less bits anyhow.
Observation 2: Using ssb-perRACH-OccasionAndCB-PreamblesPerSSB is contradict with the agreement “not to exchange the cause value for random access”, incurs logical difficulty when the PRACH is dedicated for BFR etc, complicates ASN.1 coding and costs more bits.
Proposal 5: We propose to transfer ssb-perRACH-Occasion instead of ssb-perRACH-OccasionAndCB-PreamblesPerSSB.
2.6 Deliver PRACH configuration toward gNB-DUs
In last meeting we agreed that an existing message should be used to deliver PRACH configuration of neighbour cells toward the gNB-DU. The remaining issue is over how to include it.
One company proposed to include it under a serving cell list, e.g. Cells to be Activated List. We found one technical problem for this option:
For example, one gNB-DU hosts two cells: Cell A and Cell B. Now the gNB-CU wants to tell the gNB-DU the PRACH configuration of Cell C, which is a neighbour cell of both Cell A and Cell B. In which Cells to be Activated Item should the gNB-CU includes the PRACH configuration of Cell A? If the answer is “both”, there will be a great redundancy.
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.
Proposal 6: 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 7: 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.
2.7 Trigger of F1AP DL delivery
Three alternatives were listed in the offline discussion last meeting considering on this issue [1]:
Alt1: gNB-DU signals gNB-CU-CP of a potential PRACH Configuration Conflict detection for a given cell. The gNB-CU-CP signals back to the gNB-DU a list of PRACH Configurations for cells neighbouring the cell in conflict.
Alt2: gNB-CU-CP signals to gNB-DU at F1 interface setup and F1 gNB-CU Configuration Update a list of PRACH Configurations relative to cells neighbouring gNB-DU’s cells.
Alt3: a combination of alt1 and alt2. The gNB-CU-CP signals at F1 interface setup to gNB-DU “filtered” PRACH Configurations for some of the cells neighbouring the gNB-DU’s cell. If this information is not sufficient to resolve the RACH configuration conflict, gNB-DU signals to the gNB-CU-CP of a potential PRACH Configuration Conflict detection for a given cell. The gNB-CU signals back to the gNB-DU a list of PRACH Configurations for cells neighbouring the cell in conflict.
We don’t think there is any real necessity for a gNB-DU to provide any report toward the gNB-CU in order to trigger the DL PRACH configuration delivery, and on the opposite, we find the potential problem of such report:
On one side, the signalling size of NR Cell PRACH Configuration is not that huge—it is typically comparable with E-UTRA’s. The number of intra-frequency neighbour cells is not issue either. For a network consisting of intra-frequency cells with similar sizes, one cell will typically have only a few intra-frequency neighbour cells. And for the case that one macro cell “covers” 1000 intra-frequency micro cells (assuming that such case exists), it should be the work of the 1000 micro cells to read the one configuration of the one macro cell and to adjust configuration in order to avoid interference, not the macro cell to read the 1000 configurations of the 1000 micro cells. For any case we need not deliver many “neighbour cell configurations” toward the gNB-DU.
Observation 3: A gNB-CU can filter the PRACH configuration of intra-frequency neighbour cells on its own to prevent huge signalling, e.g. not to include the PRACH configuration of a micro neighbour cell which is a neighbour to a macro cell served by the gNB-DU.
On the other side, the method of “conflict detection” would likely incur persistent signalling wasting. Many possible reasons can cause a cell receiving the MSG1 but no consecutive MSG3, e.g. RF issue over MSG2/3 delivering. Such wasting will easily overtake Alt2’s, in which PRACH configurations are only needed to be exchanged only upon e.g. cell setup since they are usually semi-static.
Observation 4: The method of “potential PRACH conflict detection” would likely incur persistent signalling wasting, since RF issue may also cause that a gNB receives a MSG1 but no consecutive MSG3.
Proposal 8: No need for the gNB-DU to report any “potential PRACH conflict”.
2.8 Length of lists
At present we don’t find any technical reason to limit the maximum length of the two lists: the NR PRACH Configuration List and the new “Cell Information Notification List”—but there should be one anyhow.
Proposal 9: The maximum length of the NR PRACH Configuration List is proposed to be 15.
Proposal 10: The maximum length of the new “Cell Information Notification List” is proposed to be maxCellingNBDU, i.e. 512, aligned with the existing Neighbour Cell Information List.
2.9 Coding of Frequency Shift 7p5khz
In previous meeting we propose to encode the Frequency Shift 7p5khz as ENUMERATED (true, ...). Recently we check this issue carefully and believe that this IE is very unlikely to extend. Instead, there might be theoretical possibility to “release” it, i.e. changing the Δshift from 7.5kHz to 0kHz, but the current IE structure does not support a release. Therefore we propose to fix the coding to ENUMERATED (false, true).
Proposal 11: The value range of Frequency Shift 7p5khz is proposed to be changed into ENUMERATED (false, true).
2.10 XnAP to quote F1AP, or F1AP to quote XnAP?
During the last meeting we agreed to let XnAP quote the F1AP’s NR PRACH Configuration List, in order to avoid duplicate definition, but this is somewhat strange from the perspective of 3GPP spec structures…From our perspective XnAP is more “basic” than the F1AP, considering that aggregated gNB is still very common at present. Including F1AP codes over XnAP means that any Rel-16 aggregated gNB must have the capability to decode F1AP—this is not a mandatory for Rel-15 as we believe.
Hence we may use a reverse approach, i.e. let the F1AP to quote XnAP.
In order to avoid making the attached TPs look too different, this suggestion is not reflected there.
Proposal 12: We propose RAN3 to discuss whether it is more proper for F1AP to quote XnAP’s NR PRACH Configuration List, rather than the opposite.
Conclusion
Proposal 1: The “Carrier List” IEs should be included within the “NR mode info” structures, rather than the new NR Cell PRACH Configuration structure.
Proposal 2: A new IE should be included to deliver and release the tdd-UL-DL-ConfigurationCommon.
Proposal 3: No need for any additional Root Sequence Index BFR. One Root Sequence Index IE is already sufficient to configure a root sequence indexes used for BFR different from the one used for other cases.
Observation 1: Using an E-UTRA-fashion “MSG1 Frequency Start from Carrier” instead of “Location and Bandwidth” and “MSG1 Frequency Start” can mitigate the signalling size and avoid transferring BWP-related parameters within non-UE associated signalling.
Proposal 4: We propose to transfer “PRACH Frequency Start from Carrier” instead of “Location and Bandwidth” and “MSG1 Frequency Start”.
Observation 2: Using ssb-perRACH-OccasionAndCB-PreamblesPerSSB is contradict with the agreement “not to exchange the cause value for random access”, incurs logical difficulty when the PRACH is dedicated for BFR etc, complicates ASN.1 coding and costs more bits.
Proposal 5: We propose to transfer ssb-perRACH-Occasion instead of ssb-perRACH-OccasionAndCB-PreamblesPerSSB.
Proposal 6: 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 7: 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.
Observation 3: A gNB-CU can filter the PRACH configuration of intra-frequency neighbour cells on its own to prevent huge signalling, e.g. not to include the PRACH configuration of a micro neighbour cell which is a neighbour to a macro cell served by the gNB-DU.
Observation 4: The method of “potential PRACH conflict detection” would likely incur persistent signalling wasting, since RF issue may also cause that a gNB receives a MSG1 but no consecutive MSG3.
Proposal 8: No need for the gNB-DU to report any “potential PRACH conflict”.
Proposal 9: The maximum length of the NR PRACH Configuration List is proposed to be 15.
Proposal 10: The maximum length of the new “Cell Information Notification List” is proposed to be maxCellingNBDU, i.e. 512, aligned with the existing Neighbour Cell Information List.
Proposal 11: The value range of Frequency Shift 7p5khz is proposed to be changed into ENUMERATED (false, true).
Proposal 12: We propose RAN3 to discuss whether it is more proper for F1AP to quote XnAP’s NR PRACH Configuration List, rather than the opposite.
Based on abovementioned proposals, we draft two TPs accordingly [6–7].
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