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1	Introduction
TR 38.804 states:
	Radio interface protocols for NR are designed flexibly to allow the possibility of intra-frequency DC and Multi-Connectivity.



In RAN2#97 meeting in Athens the following was discussed (excerpt from the chairman notes):
	10.3.1.1.3	Mobility with RRC involvement - dual connected handover
May include discussion of handover mechansims utilising dual connectivity (e.g. SeNB to MeNB reconfiguration with 0ms interruption as agreed to be studied in RAN2#96)
May include discussion of intra-freq DC.

R2-1701361	Discussion on intra-frequency operation for dual-connectivity in HF NR 	Samsung R&D Institute UK	discussion
-	ZTE support the proposal
-	Intel think we would need to confirm with RAN4 whether this would be possible. Samsung agree some study is needed.
-	LG think this is more than just current DC as it is for HF. Samsung see benefit in the HF case but open for the low frequency case.
-	CATT in general agree but think the legacy DC doesn’t provide mobility support without interruption.
-	Samsung explain the purpose if for mobility but also some gain in increasing the number of candidate serving beams, load balancing, etc. Also to deliver HO command from the target is an option.
-	Ericsson see the benefits but questions what we can do in R15. Our protocols should be flexible.
-	Qualcomm think the protocol should be flexible to allow this.
=>	RAN2 protocols for NR should be flexible to allow the possibility of intra-freq DC/multiconnectivity. 



In this contribution, we would like to further discuss the possible improvements to allow the UEs to be simultaneously connected to more than one cell (or cell group) on the same frequency where the involved cells (or cell groups) do not have an ideal backhaul. Otherwise, with ideal backhaul, CoMP solutions (i.e. joint transmission/reception, dynamic point selection) are the method of choice.
2	Motivation
Figure 1 illustrates the scenarios for those intra-frequency features. In a typical NR deployment, one will have macro sites serving macro cells (blue, possibly using multiple carriers) and small cell sites serving small cells (red, possibly using multiple carriers).
Classical inter-frequency DC provides the already discussed reliability/robustness benefits in areas where the UE has coverage from both types of sites, i.e. macros and small cells. However, we cannot assume that all macro boundaries are covered by small cells. If the same benefits shall be available in those areas, we need a feature beyond inter-frequency DC.
Similarly, the area between small cells will also not benefit from DC if there is no macro umbrella. This can happen in the stand-alone case, where NR macros are not deployed (yet).
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Figure 1: Intra-frequency scenario


The drivers for those intra-frequency methods are:
· 0ms interruption for a successful handover can only be achieved when the UE is simultaneously connected to source and target.
· Mobility enhancements: massive reduction or avoidance of failures requires simultaneous connection to source and (multiple potential) target(s)
· Reliability (static UEs): UEs on the cell edge will experience larger reliability and/or lower latency when being simultaneously connected to multiple cells, in particular when duplication is done.
· Reliability (mobility): massive reduction/removal of failures (as explained above) will also massively reduce/remove the related outages.

Obviously, those benefits are essential for fulfilling URLLC requirements (in particular when cell changes are allowed). However, the benefits are also relevant for non-URLLC services.

Proposal 1: Study methods where a UE is simultaneously connected to more than 1 cell (group) on the same frequency layer.
3	Possible solutions
We basically see 2 different solution directions:
1. Reuse the principles of intra-NR (inter-frequency) dual connectivity
a. Advantage: we can reuse a lot of “existing” signalling and messages (once intra-NR DC specification is settled). Co-existence with Carrier Aggregation would be inherent. Furthermore, extensions for inter-frequency DC will be available for the intra-frequency operation as well (e.g. DRB and SRB duplication).
b. Disadvantage: the concept of master and secondary nodes may not be ideal
2. Specify a new feature for the dual connected handover (e.g.[3])
a. Advantage: such a feature could be tailored to the intra-frequency problem.
b. Disadvantage: more effort when starting from the scratch.
Proposal 2: Decide whether intra-frequency DC should be based on inter-frequency DC principles or developed as a new dual-connected handover feature.
Time multiplexed solutions may be considered on top of both solutions. However, those have already been shown to be unable to solve the 0ms interruption problem[2]. Thus, those can only be optional extensions.
4	Challenges
The following challenges need to be addressed for both solutions:
· The UE will need at least 2 Rx and 2 Tx chains.
· RF aspects have to be clarified (involving RAN4), e.g. coverage impacts.
· Dynamic TDD: autonomous and independent uplink/downlink decisions of source and target cell will create interference problems inside the UE.
· Coexistence with classical inter-frequency DC, CA and EN-DC
Obviously, supporting combination of those features is desirable, but does not come for free. For instance, the combination with inter-frequency DC may require more than 2 Rx and 2 Tx chains.
· Multi-connectivity: It has to be clarified with simulations whether 2 simultaneous connections can bring the desired robustness gain, or whether more than 1 target has to be supported. The robustness gain stems from the fact that a target cell can be added very early without risking a ping-pong or a too early handover. However, at this early stage, it may not be obvious which one is the correct target, i.e. the “handover to wrong cell” problem is not solved. Multi-connectivity has already been mentioned in TR 38.304 (see Introduction above).
Proposal 3: Study the challenges of intra-frequency DC including RF aspects, dynamic TDD, coexistence with inter-frequency DC, CA and EN-DC, and the need for more than two simultaneous connections.
Proposal 4: Send an LS to RAN4 to clarify RF aspects and verify their feasibility.
5	Conclusion
This paper briefly discussed the challenges and potential solutions for enabling intra-frequency DC/Multi-connectivity. As a result – the following proposals have been made:
Proposal 1: Study methods where a UE is simultaneously connected to more than 1 cell (group) on the same frequency layer.
Proposal 2: Decide whether intra-frequency DC should be based on inter-frequency DC principles or developed as a new dual-connected handover feature.
Proposal 3: Study the challenges of intra-frequency DC including RF aspects, dynamic TDD, coexistence with inter-frequency DC, CA and EN-DC, and the need for more than two simultaneous connections.
Proposal 4: Send an LS to RAN4 to clarify RF aspects and verify their feasibility.
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