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1
Introduction
RAN3#101 agreed on four open issues for LTE-NR UE associated resource coordination. In this paper we provide our proposals to solve these issues.
2
Discussion
2.1
Key issue 1
If multiple NR carriers are deployed, upon sending SGNB ADDITION REQUEST, the MN will not know which NR cell the SN will select as PSCell
The issue arises when there are two or more NR carriers in the same area. In the general case, when the MN triggers SgNB Addition, it cannot determine the target carrier which is chosen by the SN based on radio conditions and other criteria (one such criterion can be to avoid need for UE-associated resource coordination). Evaluation of whether resource coordination is needed (condition described in TS 38.104-3 Annex A), and elaboration of a resource bitmap, are based on knowledge of the PCell and the PSCell frequency bands and UE capabilities. At SgNB Addition, the MN and SN knows the PCell frequency band, but the MN will have to make an assumption of the PSCell that will be used. Knowledge of this assumption is required the SN, which might e.g. trigger “End of coordination” if a different PSCell is chosen that doesn’t require resource coordination.

Also, the SN may later move the UE to a different NR carrier during mobility, and the MN can also change the PCell frequency by triggering inter-frequency handover. This will change the mentioned interference condition, leading to a need to start resource coordination, or to stop the ongoing resource coordination.
Proposed solution to key issue 1:

A solution based on two parts can handle this issue:

· The first part of the solution consists in that the MN informs the SN about the PSCell frequency band used by the MN to evaluate the interference condition and elaborate the resource bitmap. 
· The second part of the solution consists in enabling the MN and the SN to stop the resource coordination (revoke). How to implement such revoke function is considered under key issue 2.

2.2
Key issue 2

Clarify whether “0 bitmap” means “end of coordination”
The issue relates to how to signal “end of coordination” (a.k.a. “revoke”) e.g. following change of PCell or PSCell. 

“End of coordination” means that that both SN and MN are free to use any available cell resources. An ‘all-0’ bitmap would indicate that the sending node doesn’t intend to use any resource. However “end of coordination” actually would mean that the sending node intends to potentially use any available resource. The ‘all-0’ bitmap therefore doesn’t seem suitable for this purpose. Similarly, an ‘all-1’ bitmap could also create confusion in the sense that the receiving node might understand that no resource is available because fully used by the sending node. However ‘end of coordination’ actually means that also the receiving node can potentially use any resource it has available.
In order to avoid ambiguous signalling, while still ensuring backwards compatibility at ASN.1 level, we therefore think that “end of coordination” should be signalled using an explicit flag to be added to the MeNB Resource Coordination Information IE and the SgNB Resource Coordination Information IE. If the flag is present, the receiver may ignore the provided resource bitmaps (UL Coordination Information, DL Coordination Information), which may then also in this case be encoded using minimum length in order to reduce the message size. The flag can be given criticality ‘reject’, hence informing the sender node in case the receiver node doesn’t comprehend the flag.
Proposed solution to key issue 2:

· Add ‘end of coordination’ flag with criticality ‘reject’ to MeNB Resource Coordination Information IE and the SgNB Resource Coordination Information IE.

2.3
Key issue 3

There seem to be different interpretations of X2AP clauses 9.2.116 and 9.2.117, which indicates "The SgNB Resource Coordination Information IE is LTE resource allocation at MeNB". To be clarified
The descriptive text cited in the key issue formulation (“The SgNB Resource Coordination Information IE is LTE resource allocation at MeNB”) means in our view that the SN, based on its own scheduling information and an internal algorithm for calculation of intermodulation products, informs the MN about available and not available resources within the bandwidth of the (LTE) PCell. As per current RAN4 specification, this internal algorithm in the SN will take into account the intended PSCell scheduling, and mark as unavailable the LTE UL resources that would interfere with DL reception in PCell and/or PSCell. However in the IE, the bitmap is associated with an NR CGI, which could make believe that the bitmap actually represents RBs located at the frequency of the NR carrier. Such interpretation could also have some functional benefit, in particular in terms of future evolution, e.g. taking into account SCell interference, and more generally that the transferred information is not filtered by the algorithm in the SN. 
It still seems that the first interpretation, i.e. that the SN informs the MN about available and not available resources within the bandwidth of the (LTE) PCell, is the one that is closest to current semantics description “LTE resource allocation at MeNB”. Backwards compatibility consideration would therefore go in favour of this interpretation. The key issue 3 could in this way be solved by enhancement of the semantics description, as well as the addition of information removing any ambiguity of how the MN should decode the bitmap (i.e. LTE carrier BW), as well as the center frequency (EARFCN) of the LTE cell for correct interpretation. A concise way to do this would be to add the ECGI of the PCell in the SgNB Resource Coordination Information IE.
Proposed solution to key issue 3:

Enhance the SgNB Resource Coordination Information IE as follows:

· Improve semantics: “The information indicates resources within the bandwidth of the PCell which are not available for use by the MN.”
· Add PCell ECGI

2.4
Key issue 4

Error handling for CU-DU split: scenario may need further clarification
F1AP indicates: “If the gNB-CU received the MeNB Resource Coordination Information as defined in TS 36.423 [9], it shall transparently transfer it to the gNB-DU via the Resource Coordination Transfer Container IE in the UE CONTEXT SETUP REQUEST message.” Processing of resource coordination bitmaps is therefore done by the gNB-DU. A prerequisite for such processing is obviously to be able to decode and interpret the bitmaps, which requires LTE carrier BW and frequency (EARFCN) information. This information is currently not available in the gNB-DU.
However processing of resource coordination bitmaps also involves some verification and error handling, e.g. to ensure that resource coordination bitmaps are available when required. Only the gNB-DU can perform this verification because it requires knowledge of scheduling decisions in the PSCell.

As discussed under key issue 1, if more than one NR carrier is deployed in the area where the UE is located, the MN may not know at SgNB Addition time which NR cell will be chosen by the gNB. One NR carrier may represent a “difficult” band combination with the LTE PCell requiring 1Tx, while the other carrier may represent an “easy” band combination. If radio conditions are acceptable for both NR carrier, a gNB implementation may in this case legitimately choose between two strategies:
· not trigger resource coordination, which represents significant cost and scheduling constraints, assuming that the SN will select the carrier representing the “easy” band combination

· always trigger resource coordination, which will ensure that the resource coordination bitmap is always received by the SN if needed, and hence avoid failed SgNB Addition.

We believe that the specification should not mandate any of the two mentioned strategies, in particular it doesn’t seem appropriate to mandate systematic triggering of resource coordination if the need for such coordination can be avoided. Validation of the resource coordination choice, and the resource coordination bitmap itself, should therefore be enabled in the gNB-DU.
Proposed solution to key issue 4:

· Enable verification of the resource coordination in the gNB-DU by transfer of E-UTRA cell information and additional failure cause as proposed in our F1AP CR [2] submitted to this meeting.
3
Conclusion
We have proposed solutions to key issues 1-4. Associated X2AP CR is submitted to this meeting in [1], and F1AP CR in [2]
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