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1	Introduction
In RAN2#95 we have discussed the impact of mobility events on URLLC in [1]. Based on this discussion RAN2 has sent an LS [3] to RAN requesting for clarification of the URLLC criteria. In this contribution we briefly look at the impact of mobility events on URLLC and then analyse various solutions to see their suitability for support of URLLC requirements. We also provide a text proposal for TR 38.804 in the end.
2	Impact of Mobility events on URLLC
URLLC obviously requires low latency with a high reliability. In the LS reply [4] RAN has clarified that the URLLC requirements in TR 38.913 are to be understood as best cases and that RAN2 shall optimize the latency during mobility events as much as possible. The following mobility events cause interruptions and thereby impact URLLC performance:
-	(successful) Handovers: conventional handovers will introduce interruption. The occurrence of handovers is influenced by UE speed and cell size.
Note that TR38.913 defines a “mobility interruption time” and the target shall be zero, independent of URLLC. Later on we show that higher layer interruptions may occur even though this target is fulfilled (through S-RLF).
-	Radio Link Failures: RLFs obviously introduce a significant interruption as stated in [1] and [2]. A significant contributor of the interruption is the RLF timer T310 which is needed to avoid false alarms i.e. an incorrectly detected RLF. It is very likely that data can already be not transmitted during T310. The other part of the interruption comes from the re-establishment and possibly from the re-connection procedure.
The occurrence of RLFs can be reduced, but probably not avoided (due to sudden degradations/blockage in particular at high frequencies, and due to inherent sluggishness of solid measurements through layer3 filtering)
-	Handover failures: HoFs typically happen during the handover execution when the target cell cannot be reached, e.g. when the RACH procedure fails. This is also followed by the re-establishment (and possibly re-connection) procedure.
-	Secondary Radio Link Failures: For Dual Connectivity, an S-RLF will also create an interruption, although there is still a connection to the MeNB. We will give more explanations below.
The above mentioned interruptions may result in the latency targets of URLLC being exceeded, and their occurrence may also result in the reliability requirement of URLLC not being met. As a consequence, for URLLC services we have to
-	reduce the handover interruption to meet the worst case latency criteria for specific URLLC use cases 
(we assume that the occurrence of handovers will be fail reliability criteria)
-	reduce the RLFs below the reliability requirement 
(we assume that it is impossible to reduce the RLF interruption below the allowed latency)
-	reduce the impact of S-RLFs
3	Review of relevant LTE features
LTE already has introduced mechanisms which reduce latency and increase reliability / robustness. In the following we will list the relevant features and discuss their capability to address URLLC requirements as well as their limitations.
Mobility Robustness Optimization (MRO)
Rel-9 has introduced MRO in order to reduce the number of connection failures (RLFs, HoFs, and ping-pongs). MRO analyses failures from the past, categorizes them into “too late HOs”, “too early HOs”, and “HO to wrong cell” such that the network can take appropriate action (e.g. modifying the handover thresholds). While this can significantly reduce the number of connection failures it has certain limits. First, there are situations where both late and early handovers occur with similar frequency, and then MRO cannot achieve further improvements (correcting too early handovers will increase the too late handovers and vice versa). That is, there will be situations where MRO cannot sufficiently suppress the failures. Furthermore, MRO is a reactive approach, i.e. it requires some time to fix a problem, e.g. when a traffic jam is resolved, it will take at least minutes until MRO has fixed the mobility parameters.
Context fetching
Rel-12 has reduced the impact of RLFs by introducing “context fetching”. This avoids a call drop after a RLF by making the RRC re-establishment successful. The target cell of the re-establishment request can fetch the context from the previous cell and thereby avoids the re-connection from the scratch (with authentication procedure etc.). This still does not address the interruption from RLF itself which is too large for URLLC.
RACH-less handover
Rel-14 is currently discussing the RACH-less handover when the UE can rely on the source and the target cell having the same synchronization. The main use cases are co-sited antennas and extremely small cells.	 Indeed this can significantly reduce the interruption during a handover. It has to be evaluated whether a similar feature in 5G can bring the interruption time down in order to fulfil the URLLC requirements. However, the RACH-less handover has no impact on failures and it should be emphasized again that RACH-less handover is only possible in special situations, i.e. co-sited antennas or extremely small cells.
Make before break (MBB)
Rel-14 is currently discussing MBB handover as another feature to further reduce the interruption. But similar to the RACH-less handover, MBB handover only addresses the reduction of interruptions during successful handovers, and not the RLF risk (robustness). This has already been discussed, however it was excluded due to the large effort involved. It has been identified that multiple transmitter/receiver chains would be needed on the UE side to be able to be simultaneously connect to a source and a target eNB, which would require a DC-like feature.
Dual connectivity
One of the main benefits of DC is better robustness. In particular, small cell mobility can be massively improved by anchoring the connection in a macro (master) eNB. However, for URLLC services, there are fundamental limits with DC:
-	Mobility between macros is not improved by DC. In general there will still be a conventional hard handover between macro cells which has a significant failure risk.
Improvements could be achieved by doing DC between 2 eNBs operating on the same frequency, which was excluded from Dual Connectivity (see also [5]). Furthermore we believe that intra-frequency DC would require more than 2 eNBs in order to significantly contribute to robustness.
-	Even if there is a MeNB as a fallback, failures in the SeNB (S-RLFs) can cause a significant interruption. In case of a (unpredictable) sudden death of a SeNB it will take significant amount of time until a copy of the buffered data in the SeNB is re-transmitted from MeNB:
-	Detection of S-RLF is subject to a timer T313. Only after expiry of this timer the MeNB is informed and can initiate re-transmission. Unfortunately, a short T313 will cause a lot of false alarm which would lead to unnecessary signalling and unnecessary declaration of S-RLF. So it is unlikely that this timer would be chosen smaller than the value needed to meet the URLLC criteria.
-	The MeNB can autonomously re-transmit PDCP PDUs when there is no ACK from the SeNB for a certain amount of time. Similar to T313, a too short timer for autonomous retransmission from MeNB would lead to false alarm again, and the consequence would be a lot of un-controlled duplicate data. So reasonable values for autonomous retransmission timer would most likely be above that of what is needed to meet the URLLC latency criteria.
		As a consequence, S-RLF leads to significant delay (above URLLC requirements) of packets which are left in the SeNB. Re-ordering will turn that into a user plane interruption. Note that this happens although packets can be transmitted at any time via the macro, and the interruption time according to the definition in TR38.913 is zero However, during the period when the receiver is waiting for the data buffered in the failed SeNB, it cannot deliver any in-sequence data to higher layers, so that this effectively acts as interruption.
Cooperative Multi-Point
CoMP comprises features which allow a UE to be simultaneously connected to a source and multiple candidate targets (on the same frequency layer). Unfortunately, those CoMP features (Joint Transmission (JT) and Dynamic Point Selection (DPS)) require ideal backhaul. Rel-13 has introduced a CoMP feature for non-ideal backhaul, however this only specifies coordinated scheduling / interference coordination which cannot achieve URLLC performance.
Furthermore, even JT and DPS in LTE have been designed for low velocity and they primarily operate on the shared data channel and not on the control channels. In order to use CoMP for URLLC more attention has to be paid to control channels and high velocity.

4	Conclusion
From the discussion above we conclude the following:
-	Mobility Robustness Optimization and Context fetching cannot achieve ultra-reliability.
-	CoMP and RACH-less handover are only applicable under specific situations i.e. when ideal backhaul is available (CoMP), or when antennas are co-sited/cells are synchronized (RACH-less HO).
-	Make-Before-Break handover specified in Rel14 will only improve handover interruption but not the robustness.
-	Dual Connectivity is a candidate for URLLC, however it requires further improvements (those aspects are discussed in more detail in [5])
-	Intra-frequency dual connectivity should be allowed which however should support more than 2 gNBs 
-	Concepts have to be developed to reduce the impact of S-RLF, e.g. by packet duplication or fast data switching.
Hence, multi-connectivity should be considered as a candidate solution for URLLC in NR.
Proposal 1: In order to enable URLLC services when mobility is involved, prioritize the study on improvements of dual connectivity as mentioned above.
Proposal 2: Adopt the text proposal provided in Appendix for TR 38.804.
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Appendix: Text Proposal for TR 38.804
Beginning of Text Proposal
[bookmark: _Toc460841969][bookmark: _GoBack] 10	Mobility
Editor’s note: intended to capture both tight interworking and standalone aspects.
[bookmark: _Toc460841970]10.1	Intra NR
Editor’s note: intended to capture the agreements on intra-NR mobility in all possible UE states.
Mobility causes interruptions which has non-negligible impact to performance of URLLC services. Interruptions from mobility could be due to various events e.g. successful or failed handover, radio link failure (RLF), secondary radio link failure (S-RLF). Interruptions due to mobility events may result in the latency targets of URLLC services being exceeded, and their occurrence may also result in the reliability requirement of URLLC not being met. The study on intra NR mobility should look into ways to minimize as much as possible the handover interruption and (secondary) radio link failure so that the worst case latency criteria and reliability requirement for different URLLC services (e.g. eV2X, tactile internet, factory automation) can be met. While LTE has already specified, or is studying, several solutions to address the latency and reliability of communication e.g. mobility robustness optimization, context fetching, RACH-less handover, Make-before-break handover, CoMP, dual connectivity etc. these solutions all still have some shortcoming or other to address URLLC use cases. Dual connectivity is one area which has the potential for further improvements to address URLLC requirements. In particular, intra-frequency multi-connectivity (with more than 2 legs), packet duplication and/or fast switching between the legs are candidates to be studied.
End of Text Proposal

