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1   Introduction
In Rel-15, the scope of WI on New Radio Access Technology [1] includes Dual Connectivity options as follows:

-
E-UTRA-NR DC via EPC where the E-UTRA is the master (Called as Option 3/3a/3x or EN-DC);

-
E-UTRA-NR DC via 5G-CN where the E-UTRA is the master (Called as Option 7/7a/7x or NG EN-DC);

-
NR-E-UTRA DC via 5G-CN where the NR is the master (Called as Option 4/4A or NE-DC).

EN-DC has the highest priority, the work on which was planned to be finished by the end of 2017, and the specification version for EN-DC is expected to be closed by Mar. 2018. NG EN-DC has higher priority than NE-DC, and the work on both of them will be on-going from Mar. to Jun. when the Rel-15 was planned to be finished. 
Due to the time limitation of Rel-15, only the basic procedures to enable EN-DC operation have been specified, while considering the use cases of NSA NR deployment, some necessary procedures are not supported in this version of specification, e.g. Inter-RAT SN change procedure with single RRC reconfiguration and Inter-RAT MN handover with/without SN change. In addition, since the EN-DC procedures generally involve X2 interface operation and Uu interface operation, the latency of current EN-DC procedure is always significant, which limits the usage of NSA NR cell and reduces the offloading gain expected to be provided by EN-DC, further improvement on existing procedures is needed, e.g. from the aspect of simplifying and accelerating the existing procedures. And all the enhancements for EN-DC procedures could be also applicable and beneficial for NG EN-DC and NE-DC.
2   Discussion

Considering currently there are much work left on SA NR, there is a chance that NG EN-DC and NE-DC would not be completed by June on time, since only three months are left for Rel-15. In that case, the R15 leftover of NG EN-DC and NE-DC should be completed in Rel-16.  

Propose 1: To complete R15 leftover of NG EN-DC and NE-DC in Rel-16.
The non-standalone NR cells are more likely deployed on larger bandwidth compared to LTE (e.g. mmWave spectrum) to provide users with high data rate air interface, in which case, the coverage of NR cells is limited, resulting in the following possible deployment scenarios:

· Scenario 1: Locally deployment of NSA NR cells,

· Scenario 2: Dense deployment of NSA NR cells,

· Scenario 3: NSA NR cells and LTE cells are co-existing.

With regard to scenario 1, since there is not always a NSA NR cell for UE to access, fast SN discovery by UE is more important for maximum opportunistic usage of NR cells. On top of that, once available SN is found by UE, the faster SN addition to UE the better user experience will be achieved. For example, if the traffic characterization is bursty, there would be a bigger chance to offload data to NR cell; if the traffic demands high data rate, it would be beneficial for increasing mean user throughput as well as system performance. With regard to scenario 2, where NSA NR cells are always available for UE and the coverage of them is likely to overlap with each other, for moving users in CONNCTED mode, the data rate will be dropped dramatically during SN change, since the source SN stops data transmission to UE and the data link between the target SN and UE is not set up yet. Thus in order to maintain consistent high data rate for moving users, it is demanding to reduce the latency of the SN change procedure. From above analysis, to enable effective SN discovery and fast SN addition/SN change can improve E2E EN-DC performance, e.g. better user experience and higher system throughput. The potential solution includes support for early measurement on NR and fast SN activation. For fast SN activation, it could be achieved by pre-configuring candidate SNs to UE, and then activating one suitable SN by fast activation indicator, e.g. MAC CE. Then both the X2 latency of getting SN configuration and RRC processing latency could be saved. And the above enhancement could be also applicable and beneficial for NG EN-DC and NE-DC.
Propose 2: To enable fast SN addition/change for MR-DC enhancements in Rel-16.
In Rel-15, during MN change, including MN HO and MN RLF, the SN link is released by UE even though SN is not changed from the network perspective. In this case, the data transmission of user is interruptted during MN change, which has a very negative impact on user experience. Therefore, enhanced MN change without releasing SN link of data transmission should be supported in Rel-16. Besides, given that in Rel-15 EN-DC framework, the SN can establish dependent RRC connection for UE to transmit MN’s duplication RRC messages or its own RRC messages, the CP capability of SN should be taken advantage of to assist MN change procedure, e.g. for fast recovery from MN RLF. 

Propose 3: To enable seamless MN change without releasing SN link during MN HO or MN RLF in Rel-16.
With regard to scenario 3, where operators could use NR cells and LTE cells together to provide a consecutive coverage to users, support for smooth mobility between Inter-RAT cells is necessary. In Rel-15, due to time constrain, Inter-RAT MN change without SN change and Inter-RAT SN change are not supported and left to future work, therefore they should be supported in Rel-16 to provide operators with flexible network deployment options and for better user experience, e.g. Inter-RAT SN change between EN-DC and LTE DC, Inter-RAT MN change between NG ENDC and Intra NR DC, as well as between NE-DC and Intra E-UTRA DC under 5GC. 
Propose 4: To support Inter-RAT SN change and Inter-RAT MN change for MR-DC enhancements in Rel-16.
In addition to coverage related issues, the users may experience severe short-term blocking frequently because of the wireless channel characteristic on high frequency band, which means SN RLF will happen quite often. In Rel-15, it is only specified that UE suspends SN link and reports RLF indicator to MN after SN RLF detected, and whether or how to recover SN link is left to implementation. Rel-15 solution implies that only MN could decide how to handle SN RLF, and the reconfiguration of SN link can be only provide to UE via MN link. Considering UL RLF does not necessarily equal to DL RLF, if SN could send reconfiguration message directly towards UE via SN link, the latency of SN link recovery could be reduced. The above enhancement could be also applicable and beneficial for NG EN-DC.
Propose 5: To enable fast SN RLF recovery mechanisms in Rel-16.
3   Conclusion
Since the work on EN-DC included in WI on New Radio Access Technology is supposed to be completed by Jun. 2018, we would propose to have a new work item for MR-DC enhancements in Rel-16, and the objects should include:  
· R15 leftover of NG EN-DC and NE-DC (things not finished in Rel-15)

· Fast SN addition/SN change

· Seamless MN change without releasing SN link during MN HO or MN RLF

· Inter-RAT SN change and Inter-RAT MN change 

· Fast SN RLF recovery 
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