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1
Introduction
In its current version, F1AP doesn’t support network sharing where operators configure shared cells with per-PLMN NCGI and TAC. An issue related to Xn signalling for UE context retrieval in RRC re-establishment scenario has also been identified in earlier meetings. In this paper we look into two options to support these scenarios.
2
Discussion
The two main options studied for the described issues are:
· Option 1: F1 and Xn interfaces are common for all PLMNs that share the same radio resources. 

· Option 2: F1 and Xn links are setup per-PLMN.

Option 1: Common F1 and Xn interfaces
Option 1 is a simple way to solve the issues of network sharing support on F1 and Xn, and enables deployment of a shared CU when radio resources are shared. It can be enabled on Xn by adding additional NCGI and TAC information in the Served Cell Information NR IE (TP to TS 38.423 in [6]). On F1 different stage 3 approaches are proposed in [7,8]. A backwards compatible X2AP CR is submitted in [9].
Observation 1: Issues related to network sharing can be simply solved by enabling deployment of shared CU when radio resources are shared (option 1) –as per X2, Xn and F1 stage 3 details in [6-9].  
Option 2: F1 and Xn are per-PLMN

Another potential solution to handle issues of network sharing is to enable deployment of non-shared CUs when radio resources are shared. This corresponds to a new scenario first time presented at RAN#101bis [1-5]. Any particular motivation for this scenario was not provided in the cited papers, beyond an assumption in [1]: “We assume that in case of CU/DU split, deployments would like to keep the possibility of separating CUs geographically from each other”. However, the introduction in [3] indicates: “This topic would deserve some stage 2 (and even stage 1) discussions.” So so far, the need to support geographically separated CUs in control of shared radio resources has not been discussed or agreed, and any requirements (stage 1) for such deployments are missing. 
It is also captured in current stage 2 (TS 38.401): 

One gNB-DU is connected to only one gNB-CU.

NOTE:
For resiliency, a gNB-DU may be connected to multiple gNB-CUs by appropriate implementation.
According to the author of [1-5], this requirement is respected in their proposal, considering that it involves multiple logical DUs (per PLMN) being in control of the shared radio resource by sharing MAC/PHY layers with other logical DUs. Still some statements in [1], e.g. those copied below, describe a single DU in charge of choosing one of multiple available CUs. And, anyway, the need to support multiple logical DUs in control of shared radio resources has not been discussed, and no requirements exist. The CR (TP) to TS 38.473 [5] also shows that this will not be a pure implementation matter. Rel-15 is expected to be functionally frozen this quarter, so the available time frame doesn’t allow to start stage 1 discussions for Rel-15.
Observation 2: The need to support geographically separated CUs in control of shared radio resources have not been discussed or agreed, and requirements (stage 1) for such deployments are missing.

The basic mechanism proposed in [1] and some of the text proposals (in particular in TPs for TS 38.401 [4] and TS 38.473 [5]) is that a CU is chosen arbitrarily for handling of msg3, and a UE context relocation mechanism is triggered upon reception of msg5. For RRCReestablishmentRequest, CUs might be contacted in parallel (requires ability of the DU to identify the RRCReestablishmentRequest message). The underlying issues that probably led to the choice of this approach can be understood from the following excerpts from [1]:
·  “Figure 3.1-1 depicts the basic problem: If the DU is not able to interpret the UE Identity indicated in msg3, there is some likelihood, that the wrong CU is chosen.”
· “So, even if the DU is able to read 5G-S-TMSI, the ability to choose the proper CU would depend on configuration data available in DU and co-ordination among network sharing members to allocate AMF IDs in a unique way.”
· “If the DU is able to at least interpret that msg3 is RRCReestablishmentRequest, it could contact CUs in parallel.”

Related to the problem high-lighted in the statements above, it can be observed that the 5G-S-TMSI was not designed by SA2 to convey PLMN information, and that this information is not available before msg5. A work-around is still discussed in [1], i.e. “co-ordination among network sharing members to allocate AMF IDs in a unique way”. However the available “AMF ID” corresponds in reality to parts of IDs identifying the AMF, and carried in the truncated (39-bit) 5G-S-TMSI provided by the UE in msg3. More precisely what is available is a single bit (LSB) of the AMF Set ID (but not the remaining 9 MSBs), as well as the 6-bit AMF Pointer. The workaround would therefore require inter-operator coordination resulting in PLMN information to be derived from the 7 signalled bits, which was not intended by SA2 and doesn’t seem realistic.
Observation 3: The DU will not know the PLMN of the UE upon reception of msg3 and will choose a CU arbitrarily. The PLMN is known after reception and decoding of msg5.

Absence of knowledge of PLMN information has the following undesirable consequences:

· An arbitrary CU is chosen for each msg3, e.g. RRC Setup Request message, originating from UEs in the shared resource. The RRC Setup Request message is the most frequent RRC message and handling therefore requires significant CU capacity. It is therefore not possible to effectively isolate CU handling of shared radio resources per operator;
· Due to CU relocation required, the time needed to handle Service Request will increase when radio resources are shared. This will become an issue in particular for URLLC use cases;
· Implementation of UE context retrieval for RRC re-establishment scenario will be complex and resource consuming with parallel requests towards all sharing PLMNs needed on F1 and Xn.

Whether and how these undesirable consequences can be mitigated need further investigation.

Observation 4: Several issues are seen for option 2, which require further investigation. 
3
Evaluation
Option 1 and 2 discussed in this paper can be seen as independent, not mutually exclusive deployment options. We believe that at least the option of shared radio resources / shared CU (option 1) should be supported by the specification, and according to observation 1 above, this option can be enabled in Rel-15 without any particular issue.

Proposal 1: Enable option 1 (radio resources are shared, CU is shared) in Rel-15.

Option 2, where the CU is not shared, can be studied as an alternative deployment scenario for later release if there is request from operators. However, as pointed out in observation 4, there are some issues, and whether and how these issues can be solved need further investigation.

Proposal 2: Further study option 2 (radio resources are shared, CU is not shared) in later release if requested by operators.
4
Conclusion
We have provided the following observations and proposals:
Observation 1: Issues related to network sharing can be simply solved by enabling deployment of shared CU when radio resources are shared (option 1) –as per X2, Xn and F1 stage 3 details in [6-9].  

Observation 2: The need to support geographically separated CUs in control of shared radio resources have not been discussed or agreed, and requirements (stage 1) for such deployments are missing.

Observation 3: The DU will not know the PLMN of the UE upon reception of msg3 and will choose a CU arbitrarily. The PLMN is known after reception and decoding of msg5.

Observation 4: Several issues are seen for option 2, which require further investigation. 

Proposal 1: Enable option 1 (radio resources are shared, CU is shared) in Rel-15.

Proposal 2: Further study option 2 (radio resources are shared, CU is not shared) in later release if requested by operators.
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