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1
Introduction

After RAN#71 meeting, a new WI was approved [1] aiming to introduce LTE mobility enhancements to minimize data transmission interruptions when a UE moves from one cell to another. One of the solutions for the mobility enhancements agreed in Rel-14 is the make-before-break feature that allows for exchanging user plane data after reception of the RRC re-configuration message instructing a UE to perform handover to a new target cell. After RAN#80 meeting, a new WI was agreed that caters for further enhancements to reduce the interruption time [2]. 
In this discussion paper we present our further considerations on which enhancements we can consider for the MBB feature accounting for certain decisions and design principles we made in previous releases.
2
Make-before-break
2.1
Overview of MBB in Rel-14 
Before delving into the details of which enhancements we can consider for MBB in Rel-16, it is worth noting some discussion and decisions from Rel-14 that shaped the existing MBB feature. Already in Rel-14 there were several proposals to consider simultaneous transmission/reception to/from several cells as the efficient way to achieve 0ms or close to 0ms interruption time. However, having received further feedback from RAN WG1 and WG4, RAN WG2 has concluded to proceed with somewhat simpler design, in which a UE exchanges data only with one gNB at a time and maintains a connection with the source gNB as long as it can before it is ready to start exchanging data with the target gNB. Reasons for such a design are as follows:
-
Simultaneous transmission/reception to/from two gNBs will require two protocol stacks and at least two RF chains.

-
Even though exchanging data with two gNBs simultaneously is possible with a single RF in certain cases, those scenarios are very limited. 

-
Final RAN WG4 conclusion was that more time is needed for the final assessment, especially for the inter-frequency asynchronous networks.

Last but not least, simultaneous transmission to / reception from several gNB might result in the overall design that looks similar if not identical to DC, commercial availability of which is very limited. In other words, if networks and UEs do not support DC then it is not clear why the same or a similar functionality would be supported just for handover. Furthermore, there will be some interruption time while switching Pcell and SPcell roles, so even with the DC-based handover we cannot assume that there will be no interruption at all.  
Observation 1a:
Rel-14 MBB design can be viewed as "1 RF - single protocol stack" that does not require simultaneous transmission to /reception from two gNBs.

Observation 1b:
Rel-14 MBB performance requirements assume single RF chain (but the actual device implementation may have 2 RF chains achieving better performance). 
2.2 Potential enhancements
As mentioned in the previous section, Rel-14 MBB feature can be viewed as "1 RF single protocol stack" solution in a sense that it maintains a connection only with one gNB and its design with related performance requirements are governed by 1 RF assumption. Here, we provide general considerations on how it could be possible to enhance MBB.
-
2 RF - single protocol stack. As already contributed to RAN#103bis and further elaborated in [3], one of the easiest ways to enhance further MBB would be to assume 2 RF chains but to keep the single protocol stack approach. It will not impact upper level structures and procedures defined by RAN2 and RAN3, but will allow MBB to be used in other scenarios, such as inter-frequency deployment. As also pointed in several papers, interruption time performance requirements can be further improved making it "close to 0ms". 
-
2 RF - dual protocol stack. The main rational behind this approach is that a UE can stay connected to two gNB simultaneously which includes simultaneous transmission and reception from two gNBs. As an example, when a UE enters handover area the Scell from the target gNB can be configured so that a UE stays connected while moving from one node to another. As already quickly mentioned earlier, this approach is similar, if not identical, to the DC-based handover when the dual-connectivity feature is activated upon handover. However, unlike DC that operates on different frequencies, this approach will require even more efforts at the UE and RAN side to support intra-frequency dual-connectivity concept. The corresponding work will have to be done in RAN1 and also RAN4.
Observation 2a:
2 RF assumption with a single protocol stack is a straightforward extension of the MBB feature allowing to achieve close to 0ms interruption time.
Observation 2b:
2 RF with two protocol stacks solution is close (if not identical) to DC in terms of final design and procedures, requiring noticeable amount of work in RAN1 and RAN4.  
As pointed out in other discussion papers, DC is not widely commercially available feature, so building on top of the DC functionality will result in a feature that will never be used. And at the same time, it is not reasonable either to develop yet another feature that will be almost identical to DC and which will be used just to enhance handover. 
3 Conclusion
In this discussion paper we have presented some principles and considerations which were taken back in Rel-14 when the MBB feature was designed. Striving for simplicity, RAN WG2 and WG4 assumed single protocol stack with 1 RF chain that governed further RAN WG2/3 procedures and performance requirements. We analyzed further potential enhancements for MBB, and according to our preliminary conclusions the single protocol stack design principle can be kept to preserve MBB work done for RAN WG2 and WG3 back in Rel-14. At the same, a new 2 RF chain assumption can be considered to improve further performance requirements catering for "close to 0ms" interruption time. 
Proposal:
Enhance the Rel-14 MBB feature by keeping single protocol stack design and assuming presence of 2 RF chains.
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