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1.  Introduction
Small cell discussions have been taking place in RAN2 [1]. One of remaining issues is RNTI allocation for UEs capable of dual connectivity as in [2] [3]. This contribution looks at this issue in detail and proposes our views. Note that, for simplicity, we focus on C-RNTI allocation although there are several types of RNTI including C-RNTI, Temporary C-RNTI, RA-RNTI, TPC-PUxCH-RNTI.
2. Problem description
Fig.1 (a) is an example figure to show the C-RNTI collision problem. Here, the DC-UE is performing dual connectivity communication with the MeNB and SeNB. The MeNB allocates a C-RNTI with a value of X to the DC-UE, since the MeNB is responsible for the C-RNTI allocation (see the red line). In addition, UE1 in the SeNB is performing the normal communication with the SeNB. The SeNB allocates a C-RNTI with the value of X to the UE1. In this case, the DC-UE ends up decoding a PDCCH sent by the SeNB intended for UE1, because the CRC part of the PDCCH could be successfully decoded even if the PDCCH is intended to be for UE1.
To mitigate this problem, an alternative approach is depicted in Fig.1 (b). The SeNB is responsible for the secondary C-RNTI allocation with a value Y to the DC-UE (see the blue line). However, the C-RNTI with the value Y may already be in use by another UE (UE2) in the MeNB. If this is the case, the DC-UE still monitors PDCCH sent by the MeNB intended to the UE2 (see the green line). Therefore, the DC-UE ends up decoding a PDCCH sent by the MeNB intended to be for UE2 because the CRC part of the PDCCH could be successfully decoded even if the PDCCH is intended to be for UE2.
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Fig.1: C-RNTI collision
3. Proposals
3.1.  C-RNTI coordination between eNBs.
Contribution [2] discusses the necessity of the C-RNTI coordination. It describes that C-RNTI coordination is required if only one C-RNTI is allocated to the DC-UE. On the other hand, the C-RNTI coordination is not required if dual C-RNTIs are allocated to the DC-UE.

Contribution [3] is further discussing the C-RNTI coordination in detail. It describes that the C-RNTI coordination is required if RNTIs are defined as UE-specific (implying only one C-RNTI is allocated to the DC-UE). Thus, to avoid this additional coordination, it is proposed that RNTIs are defined as eNB-specific (implying dual C-RNTIs are allocated to the DC-UE).
As in Fig.1, we think that the necessity of the C-RNTI coordination is not depending on how many C-RNTIs are allocated to the DC-UE. The C-RNTI coordination is somehow required regardless of whether only one C-RNTI is allocated to the DC-UE or not. Therefore, we think that C-RNTI coordination should be performed but that the amount of the signalling should be minimised since Xn interface may not be an ideal backhaul.
Proposal 1: C-RNTI coordination should be performed but the signalling should be minimised.

Details of the C-RNTI coordination alternatives are described in Section 3.3.
3.2. The number of C-RNTIs allocated to DC-UE
Based on this above observation, we couldn’t see strong motivation and necessity to allocate dual C-RNTIs to the DC-UE. Also, note that only one C-RNTI is used in carrier aggregation.
If multiple C-RNTIs are allocated to DC-UE, the management of C-RNTIs in eNBs becomes complicated because each eNB has to take care of C-RNTI collisions amongst relevant eNBs. For example, in Fig.1 (b), which is an example figure of multiple C-RNTIs allocation, the MeNB has to take care that C-RNTI = X is not used for other UEs in the SeNB and the SeNB has to take care that C-RNTI = Y is not used for UEs in the MeNB.

On the other hand, if only one C-RNTI is allocated to DC-UE, the management of C-RNTIs could be simplified compared with the above case. For example, in Fig.1 (a), which is an example figure of single C-RNTI allocation, only the MeNB has to take care if C-RNTI = X is not used for other UEs in the SeNB.
Proposal 2: Only one C-RNTI is enough to be allocated to a UE during dual connectivity.
3.3.  Method for the C-RNTI collision avoidance
This section describes alternative methods of the C-RNTI coordination between the MeNB and the SeNB.
Alt.1: C-RNTI coordination when performing dual connectivity
In this alternative, the MeNB negotiates with the SeNB for C-RNTI allocation whenever adding a new cell in the SeNB for dual connectivity to the DC-UE. An example figure is depicted in Fig.2. Whenever the MeNB configures dual connectivity with the SeNB to the DC-UE, the MeNB sends the RNTI list including available (i.e. not used) C-RNTIs in the MeNB to the SeNB. The SeNB then finds the non-duplicated C-RNTI to be allocated to the DC-UE and sends it to the DC-UE through the MeNB.
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Fig.2: C-RNTI coordination when adding SeNB
Alt.2: C-RNTI coordination when setting up eNBs
In this alternative, the MeNB notifies the SeNB of the C-RNTI configuration of the MeNB whenever the Xn is setup i.e. dual connectivity is likely to be performed between the MeNB and the SeNB. An example figure is depicted in Fig.3. Whenever the MeNB is likely to configure dual connectivity with the SeNB to the DC-UE, the MeNB sends the RNTI list including available C-RNTIs (i.e. RNTI to be used for dual connectivity) in the MeNB to the SeNB. The SeNB then reserves the C-RNTIs to avoid the C-RNTI duplication i.e. the reserved C-RNTIs are not used for UEs connecting to the SeNB. Note that the re-configuration of the RNTI list should be allowed.
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Fig.3: C-RNTI coordination when setting up SeNB
Comparison between Alt.1 and Alt.2
If we compare two alternatives, the C-RNTI assignment is dynamically performed in Alt.1 but the C-RNTI allocation is semi static and more restrictive in Alt.2, so that the RNTI configuration effort may become significant. On the other hand, the amount of signalling increases in Alt.1 because the procedure is performed whenever UEs perform dual connectivity.
As in Proposal 2, we think that the signalling overhead reduction is important because the Xn interface is not an ideal backhaul.
Proposal 3: RAN2 should go for Alt.2 i.e. C-RNTI should be coordinated when setting up eNBs.
Proposal 4: The C-RNTI reconfiguration should be allowed for adaptive C-RNTI allocation.
4. Conclusion

This contribution looks at RNTI duplication issues and discusses the possible solutions. Based on the above observations, we ask to RAN2 to agree on the following proposals:
Proposal 1: C-RNTI coordination should be performed but the signalling should be minimised.
Proposal 2: Only one C-RNTI is enough to be allocated to a UE during dual connectivity.
Proposal 3: RAN2 should go for Alt.2 i.e. C-RNTI should be coordinated when setting up eNBs.

Proposal 4: The C-RNTI reconfiguration should be allowed for adaptive C-RNTI allocation.
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