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1. Introduction
At RAN3-114e a summary of offline discussion in R3-215839 captured the following:

No consensus on whether to agree solution 1 or solution 3
Down selection on the solutions need to be done in next meeting
Proposal to be agreed: agree to reuse Protected E-UTRA Resource Indication (from LTE to NR) + E-UTRA-NR cell resource coordination information to support resource coordinate between SA NR and LTE. Whether to exchange PRACH Configuration as resource coordination information is FFS.

Hence the latest progress on this topic is to compare solutions 1 and solution 3 and eventually make a choice between these 2.

As a reminder, the solutions can be summarised as follows:

Solution 1: The assumption in Solution 1 is that an SA gNB can also support an EN-DC X2 connection. Namely an SA gNB can also act as an en-gNB. Therefore, the solution proposes to reuse the 	E-UTRA – NR Cell Resource Coordination function available over the EN-DC X2 interface to enable the coordination of resources between co-channel sharing LTE and NR cells.

Solution 3: The assumption of Solution 3 is also that the 	E-UTRA – NR Cell Resource Coordination function is sufficient to resolve the problem of co-channel resource coordination between LTE and NR cells. This solution proposes to allow 	E-UTRA – NR Cell Resource Coordination signalling via the CN, namely the signalling would travel across the EPC and 5GC and be exchanged between an EPC connected eNB and a 5GC connection gNB

The other agreement that was taken at RAN3-114e is the following:

Reuse Protected E-UTRA Resource Indication (from LTE to NR) + E-UTRA-NR cell resource coordination information to support resource coordinate between SA NR and LTE. Whether to exchange PRACH Configuration as resource coordination information is FFS.

It should be noted that the E-UTRA – NR Cell Resource Coordination function already allows for coordination of PRACH resources. This is achieved by means of the Protected E-UTRA Resource Indication IE, which can be used by the gNB to identify the E-UTRA DL and UL reference and control signals to be protected by NR cells. At the time when the E-UTRA – NR Cell Resource Coordination function was specified, RAN3 agreed that the most vulnerable RAT is E-UTRAN, due to the fact that reference and control signals cannot be flexibly moved in E-UTRAN. For that reason, the Protected E-UTRA Resource Indication IE was introduced.
With the use of the Protected E-UTRA Resource Indication IE it is possible to avoid PRACH conflicts between E-UTRAN and NR.

Conclusion 1: It is concluded that reusing the E-UTRA – NR Cell Resource Coordination function, already specified over EN-DC X2, allows for coordination of PRACH resources.

In light of the above, it is therefore straightforward that exchange of PRACH configurations as resource coordination information is not needed.

Conclusion 2: If the E-UTRA – NR Cell Resource Coordination function is used, the exchange of PRACH configurations as resource coordination information is not needed

This paper discusses the two solutions down selected at RAN3-114e and draws conclusions on the topic.



2. Discussion
At RAN3-114e it was explained how Solution 1 can resolve the use cases presented:
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Figure 1 5G DSS deployment 
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Figure 2 Non co-located co-channel LTE/NR deployment scenario
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Figure 3 interference from DSS cell to newly-built NR gNB 



It needs to be clarified that the solutions described above are based on the fact that an ng-gNB is in most cases also acting as an en-gNB. In this case the en-gNB node already supports an EN-DC X2 interface. Note that when a gNB does not act as an en-gNB, its upgrade for the purpose of E-UTRA – NR Cell Resource Coordination is rather simple. Indeed, a gNB needs already to support the E-UTRA – NR Cell Resource Coordination function over the Xn interface and an upgrade to support it over EN-DC X2 is straightforward.

Conclusion 3: A gNB may perform also as en-gNB and it can already support an EN-DC X2 interface. A SA gNB is easily upgradable with an EN-DC X2 support for E-UTRA – NR Cell Resource Coordination, as such function needs already to be supported over Xn.



On the other hand, Solution 3 is based on an approach represented in the figure below:




Figure 4: Signalling needed to support inter system resource coordination


It should be noted that the inter system messages to be generated by each RAN node cannot be identical to the messages exchanged over X2/Xn. In fact, inter system messages are routable only if the TAI of the target cells is present. The current X2/Xn messages do not include the TAI of the cells in need of resource coordination.
Conclusion 4: In case of Solution 3 it is not possible to reuse the encoding of the E-UTRA – NR Cell Resource Coordination messages used over X2 and Xn. As a minimum the TAI of the cells in need of resource coordination is needed.

It is immediately understood from Figure 4 that the following impacts are foreseeable:

· Impact on the S1AP: a new inter system procedure for resource coordination needs to be introduced.  
· Impact on the NGAP: a new inter system procedure for resource coordination needs to be introduced.  
· Impact on the N26 interface: a new inter system procedure for resource coordination needs to be introduced.  
· Impact on the F1AP: if the messages are transferred over the F1 by following the encoding over the NG/S1 (similar to the current specification where the X2 encoding is used for the F1 messages), then the F1AP is impacted
· Impact on MME: A previous release MME cannot support the procedure
· Impact on AMF: A previous release AMF cannot support the procedure
· Impact on RAN, i.e. eNB, gNB-CU, gNB-DU


Conclusion 5: Solution 3, based on inter system resource coordination, has impact on S1AP, NGAP, N26, F1AP, MME, AMF, eNB, gNB-CU, gNB-DU

Now that it is clear what the impact of an inter system signalling based solution is, it is worth taking one statement mentioned at RAN3-114e:

… Chinese operators are deploying SA sites in NR network, and shutoff the existing NSA sites…

The fact that NSA deployments want to be phased out has not much to do with the reuse of the EN-DC X2 based resource coordination solution.

An eNB supporting EN-DC today will continue supporting EN-DC functionalities even when EN-DC will not be used anymore. For that reason reusing the EN-DC X2 functionality for resource coordination is the solution with minimum impact.

Another statement that was made in RAN3-114e was 

In solution 1, only interference coordination function seems useful and other NSA typical functionalities are useless to operators… it implies that operators should waste money to buy so much useless things…. That is why we object to solution 1


We understand the concern of operators on establishing EN-DC X2 interfaces only for the purpose of resource coordination. It was explained at RAN3-114e that there is no mandatory functionality that shall be supported over the EN-DC X2 interface. The functionalities that need to be supported are decided between network and vendor and are related to the business model followed. For that this discussion is out of scope of 3GPP.

Nevertheless, we could foresee a possible improvement to the standard to address the concern of operators. Such improvement consists of configuring the EN-DC X2 interface for resource coordination only procedures.
As an example, this could be achieved by modifying TS36.300 as follows:

Start of change for TS36.300


22.3.2a	Automatic Neighbour Relation Function
The purpose of the Automatic Neighbour Relation (ANR) function is to relieve the operator from the burden of manually managing Neighbour Cell Relations (NCRs). Figure 22.3.2a-1 shows ANR and its environment:


Figure 22.3.2a-1: Interaction between eNB and O&M due to ANR
The ANR function resides in the eNB and manages the conceptual Neighbour Cell Relation Table (NCRT). Located within ANR, the Neighbour Detection Function finds new neighbours and adds them to the NCRT. ANR also contains the Neighbour Removal Function which removes outdated NCRs. The Neighbour Detection Function and the Neighbour Removal Function are implementation specific.
A Neighbour Cell Relation (NCR) in the context of ANR is defined as follows:
An existing Neighbour Relation from a source cell to a target cell means that eNB controlling the source cell:
a)	Knows the ECGI/CGI and PCI of the target cell.
b)	Has an entry in the Neighbour Cell Relation Table for the source cell identifying the target cell.
c)	Has the attributes in this Neighbour Cell Relation Table entry defined, either by O&M or set to default values.
For each cell that the eNB has, the eNB keeps a NCRT, see Figure 22.3.2a-1. For each NCR, the NCRT contains the Target Cell Identifier (TCI), which identifies the target cell. For E-UTRAN, the TCI corresponds to the E-UTAN Cell Global Identifier (ECGI) and Physical Cell Identifier (PCI) of the target cell. Furthermore, each NCR has some attributes. The attributes have the following definitions:
-	No Remove: If checked, the eNB shall not remove the Neighbour Cell Relation from the NRT.
-	No HO: If checked, the Neighbour Cell Relation shall not be used by the eNB for handover reasons.
-	No X2: If checked, the Neighbour Relation shall not use an X2 interface in order to initiate procedures towards the eNB parenting the target cell.
-  Only Resource Coordination: if checked, the neighbour relation shall use an X2 interface only in order to coordinate resources between source and the target cell.
End of change for TS36.300


The highlighted parts in the example change above show that the EN-DC X2 interface could be configured to carry out resource coordination only. The latter will solve the problem seen by some operators to deploy the EN-DC X2 interface with additional functionalities that are not needed.

Conclusion 6: An enhancement of the standard may consist of allowing EN-DC X2 utilisation configurations that enable the usage of the interface only for the purpose of resource coordination. This would avoid any need to support additional functionalities over such interface

In light of the discussion and details presented above, the following is proposed:

Proposal 1: RAN3 agrees to reuse the E-UTRA – NR Cell Resource Coordination procedure specified over EN-DC X2 to enable coordination of co-channel sharing E-UTRAN and NR cells
Proposal 2: As an enhancement, it is proposed to specify in 36.300 that an EN-DC X2 interface can be configured to be used for resource coordination only
Conclusions
This paper has analysed the status of discussions on “PRACH Coordination Between LTE and NR”.
The following conclusions were derived:
Conclusion 1: It is concluded that reusing the E-UTRA – NR Cell Resource Coordination function, already specified over EN-DC X2, allows for coordination of PRACH resources.
Conclusion 2: If the E-UTRA – NR Cell Resource Coordination function is used, the exchange of PRACH configurations as resource coordination information is not needed
Conclusion 3: A gNB may perform also as en-gNB and it can already support an EN-DC X2 interface. A SA gNB is easily upgradable with an EN-DC X2 support for E-UTRA – NR Cell Resource Coordination, as such function needs already to be supported over Xn
Conclusion 4: In case of Solution 3 it is not possible to reuse the encoding of the E-UTRA – NR Cell Resource Coordination messages used over X2 and Xn. As a minimum the TAI of the cells in need of resource coordination is needed
Conclusion 5: Solution 3, based on inter system resource coordination, has impact on S1AP, NGAP, N26, F1AP, MME, AMF,eNB, gNB-CU, gNB-DU
Conclusion 6: An enhancement of the standard may consist of allowing EN-DC X2 utilisation configurations that enable the usage of the interface only for the purpose of resource coordination. This would avoid any need to support additional functionalities over such interface
On the basis of these conclusions, the following proposals have been made:

Proposal 1: RAN3 agrees to reuse the E-UTRA – NR Cell Resource Coordination procedure specified over EN-DC X2 to enable coordination of co-channel sharing E-UTRAN and NR cells
Proposal 2: As an enhancement, it is proposed to specify in 36.300 that an EN-DC X2 interface can be configured to be used for resource coordination only

It is proposed to agree to the proposals above. In case Proposal 2 is agreeable, the example change provided in the paper can be taken as baseline for a CR to TS36.300
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