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1 Introduction
During RAN2#84, it was agreed that the MAC layer is modeled using separate MAC entities for dual connectivity [1].
This contribution further discusses the allocation of RNTI values for the secondary MAC entity (i.e. for cells associated to the SeNB) for a UE configured with dual connectivity.
Our view is that the allocation of RNTI values should remain under control of each respective eNB and allocated as part of the procedure that configures the special cell of the secondary MAC entity.
2 RNTI Allocation with Dual Connectivity
RAN2 has agreed that the MeNB and the SeNB do not exchange dynamic scheduling information over the X2 interface.
Some coordination is however expected for a number of configuration aspects. One aspect to determine is whether or not both eNBs should coordinate the allocation of RNTI values during the configuration preparation procedure.

With single connectivity, the eNB entirely controls the allocation of RNTI values for all of its cells such that collisions cannot occur (except possibly for RA-RNTI, which is tied to the resource used for preamble transmission) i.e. the eNB always have means to ensure that all dedicated RNTI values are unique for each UE in a given cell at any given time.

With dual connectivity, such principle should be maintained when considering that the SeNB may also serve any number of UEs configured with single connectivity. This may be achieved either by coordination over X2 between eNBs during the configuration preparation phase for dual connectivity in case UE-specific RNTI values are used or, more simply, by using eNB-specific RNTI values such that the SeNB can continue to allocate values autonomously. From the perspective of the UE, eNB-specific RNTI values would be part of the respective configuration of each MAC entity and would thus be MAC-specific i.e. the same RNTI values would be used for all cells of the same MAC entity but could possibly be different between each entities.

2.1 RNTIs under Consideration
For dual connectivity, some RNTI types may not be applicable for a cell associated to the SeNB. Such RNTI types include SI-RNTI (FFS, our view is that there is no benefit in reception of broadcasted System Information [2]), P-RNTI (FFS, no need for paging monitoring [2]) and possibly also SPS-RNTI (FFS if supported for the special cell).
For other types of RNTIs (i.e. RA-RNTI, C-RNTI, TPC-PUxCH-RNTI), care should be taken to avoid any possible collisions with RNTIs used by other UEs in a given cell. In particular, if C-RNTI is defined as UE-specific i.e. if a UE would use the same RNTI value in cells of both eNBs, this would create restrictions and require coordination between the MeNB and the SeNB to avoid such collisions. There is no specific consideration for the Temporary C-RNTI.
2.2 UE-specific VS MAC-specific RNTI values
With dual connectivity, reception and decoding of PDCCH will be independent for each MAC entity in the UE.
From the perspective of complexity in a UE, the use of UE-specific RNTI values implies no change to current UE behavior while the use of MAC-specific RNTI values implies a few additional RNTI values in the configuration message which have to be stored in the UE’s memory.

· Network coordination may save the handling of a few additional RNTI values in the UE’s memory
From the perspective of the network, the SeNB may serve a number of UEs configured with single connectivity in any cell. In this respect, the SeNB already implements an independent allocation function for RNTI values for UEs that it serves with a PCell.

However, such allocation function is no longer independent if the MeNB always allocates RNTI values on behalf of the SeNB for dual connectivity UEs. Thus, with UE-specific RNTI values, the coordination over X2 first requires that the MeNB indicates the set of RNTI values it has already allocated to the UE, and then the SeNB has to confirm those values if collision avoidance is required. If the values provided by the MeNB are conflicting with the current state of the allocation function in the SeNB, then one additional step has to be performed by the SeNB. Such step is either to reject the configuration (FFS if such modeling will be supported) or to reconfigure the impacted single connectivity UEs. In the latter case it is unclear what an MeNB implementation will do in such case.
Another alternative could be to reserve a range of RNTI values for dual connectivity [5]; however, such form of coordination may not be practical given that the MeNB would have to allocate proper RNTI values already during the initial connection establishment. This would require the MeNB to know already at that point whether or not a UE will be configured with dual connectivity and what SeNB will be used. Even then, collisions may still be possible within that range if one eNB may act as a SeNB for more than one MeNB at the same time. 
From the perspective of complexity in the network, the use of UE-specific RNTI values implies some form of request-reject procedure if the principle by which an eNB (e.g. an SeNB) can ensure that all dedicated RNTI values are unique for each UE in any given cell at any given time is to be maintained.

· Network coordination requires additional X2 functionality to avoid RNTI collisions in cells of an SeNB
The difference between UE-specific RNTI values and MAC-specific RNTI values is thus simply related to whether or not there is a need to maintain RNTI collision avoidance.
It may be debated if the RNTI collision probability is sufficiently large to introduce a mechanism in the network to manage UE-specific RNTI values allocated in an MeNB-centric manner. Such probability is largely a function of the number of values available for each type of RNTI, the number of single connectivity UEs served in an SeNB and the rate of configuration preparation procedures for dual connectivity. One additional consideration is whether or not an eNB could act as an SeNB to more than one MeNB, in which case such probability would further increase.

· RNTI collisions should be avoided by ensuring that applicable RNTI types including C-RNTI are MAC-specific and thus entirely controlled by their respective eNBs, i.e. the SeNB autonomously determines how to manage its RNTIs.

Our view is that there is no strong motivation to introduce potential risk, even little, for RNTI collisions or to introduce unnecessary complexity in the network to manage RNTIs in the presence of dual connectivity UEs.
Proposal 1: 
Inter-eNB coordination for RNTI values is not required for a UE configured for dual connectivity.
Proposal 2: 
The set of applicable RNTI values (including C-RNTI) is MAC-specific in the signaling for configuration of dual connectivity and for PDCCH decoding in the UE.
With MAC-specific RNTI values, the SeNB only provides the necessary RNTI values in the MAC configuration that it sends to the MeNB during the configuration preparation phase using its own internal RNTI allocation function.
Finaly, from a system perspective, whether UE-specific or MAC-specific RNTI values are used has no impact on system utilization of RNTI values. This is because for both cases a UE configured with dual connectivity still consumes the same amount of values in each cell than a UE configured with single connectivity, for the applicable RNTI types.

3 Conclusion

RAN2 should discuss and also agree to the following:

Proposal 1: 
Inter-eNB coordination for RNTI values is not required for a UE configured for dual connectivity.
Proposal 2: 
The set of applicable RNTI values (including C-RNTI) is MAC-specific in the signaling for configuration of dual connectivity and for PDCCH decoding in the UE.
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