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1. Introduction
In TR 38.804, the following guideline was made for radio interface protocol architecture design, based on RAN2 #97 agreement.
	For NR, a technology of aggregating NR carriers is studied. Both lower layer aggregation like Carrier Aggregation (CA) for LTE (see [3]) and upper layer aggregation like DC are investigated. From layer 2/3 point of view, aggregation of carriers with different numerologies is supported in NR. Radio interface protocols for NR are designed flexibly to allow the possibility of intra-frequency DC and Multi-Connectivity.
[3] TS 36.300



There was the guideline from chairman to deprioritize “DC-based mobility” until basic HO mechanism is made stable enough from RAN2#97bis, however, this contribution is not only for mobility mechanism but for general Dual Connectivity enhancement. Moreover, DC-based mobility also should be dealt with in this release because there is 0ms user plane interruption as the requirement of this release. Therefore, it is worthy of showing the issue so that this should be considered as soon as the basic HO mechanism design is finished. In this contribution, we discuss on the introduction of intra-frequency operation for DC enhancement.
2. Intra-frequency DC 
2.1 Inter-cell interference mitigation between DC nodes
The purpose of aggregating carriers in upper or lower layer is multi-folded: increasing UE throughput, enhancing reliability, and load balancing etc. These motivate the further study of CA and DC enhancement in NR SI. The final guideline also encourages going further in this direction.  The basic operation scenario of dual connectivity is that each link has separate scheduler so that there is no (or very slow) coordination between scheduler. The effort to use the same frequency among different cells should not be ignored since frequency is scarce resource and can give more degree of freedom for load sharing and higher radio resource efficiency. This motivates the introduction of intra-frequency operation in DC. However, the main challenge of DC using intra-frequency is that the interference owing to the independent two schedulers cannot be controlled in DL and UL, and this makes poor radio resource efficiency and the performance degradation on each links compared to inter-frequency usage.
The performance of using intra-frequency in DC was studied earlier in a TR 36.842 where intra-frequency deployment with macro and small cell connected by non-ideal backhaul was considered as in scenario #1. By taking into account below 6 carrier frequency (1.8GHz, and 2.6GHz) in the simulation, the evaluation results said that “With non-ideal backhaul between macro and small cells, Rel-11 CoMP may not work well due to larger backhaul latency.” 
With the same setting i.e., non-ideal backhaul between two NR cells using the intra-frequency, DL interference might not be removed easily if any new lower layer scheme is not introduced, especially for below 6 carrier frequency, because there is no much difference between above CoMP simulation circumstance and two NR cell DC case but the RAT. And the existence of the interference is not dependent on specific RAT. 
Observation 1. The introduction of intra-frequency dual connectivity in NR should be based on tackling the interference between DC nodes similar to the LTE DC intra-frequency scenario in sub-6 case. 

However, higher frequency i.e, above 6 GHz case, the hybrid beam forming might be used and spatial separation level will be increased even in a cell, which could make more spatial domain resource compared to the lower frequency band. For DL, semi static pattern of beam usage between two gNBs might be used for avoiding DL co-channel interference to a UE. The possible semi static information would be the selected DL TX beam information of a specific UE, and the information on which DL beam of other gNB is dominant interferer on that UE. For UL, the information on which UL TX beam can make the interference to the other cell UL receiving. Based on this information, the UL TX beam should be scheduled to avoid the simultaneous transmission using dominant interfering beams. 
Observation 2. The method of interference management for intra-frequency DC in above-6 case might be different with sub-6 case. 

2.2 Feasibility issue
Apart from interference management, there are different feasibility issues on intra-freq DC operation according to whether using single RF chain or dual RF chains at UE, even single RF chain seems to be more difficult to be used in intra-frequency DC than dual RF case at the first glance. 
In dual RF chain case, the UL simultaneous TX in a UE still can make IDC (In-device coexistence) interference between each RF chains dedicated to each cells as also discussed in [1],[2]. And also TX power should be divided for the transmission of each data destined to each cells. This might make UL coverage insufficient.
Single RF chain has merit on UE cost minimization perspective. However there should be a time sharing way of TX. In this case, there might be a RF retuning delay problem which was discussed in LTE eMob WI to transmit to each node in turn. Moreover, there might be loss of performance since empty time slot on one connection cannot guarantee some control signalling and channel measurement signalling. And the network side coordination is also necessary for time sharing. 
There might be a hybrid of single RF and dual RF chain case i.e, dual RX and one TX in time sharing manner for compensating drawbacks of each method. However, all these pros and cons of RF chain usage should be checked in RAN4 to get confirmed on the feasibility. In RAN2#97bis, LS out to RAN1/4 was made for getting the answer for the feasibility of intra-frequency DC operation on both single and dual RF chain case [3]. In the last meeting RAN4 made the partial agreement related to this LS. In this meeting we also have the companion paper on this RAN4 discussion result and further opinion [4]. For the informative use, this can be used.

Observation 3. There are different feasibility issues on intra-frequency DC operation according to using single RF or dual RF chain apart from interference management issue.
Observation 4. After getting concrete consensus on solution for each feasibility issues, interference mitigation can be discussed.
Proposal 1. RAN2 should take the complete LS response from RAN4 into account for discussion on intra-frequency DC operation.

3. Conclusion 
Based on above discussion, we conclude with the following observations and proposals.
Observation 1. The introduction of intra-frequency dual connectivity in NR should be based on tackling the interference between DC nodes similar to the LTE DC intra-frequency scenario in sub-6 case. 
Observation 2. The method of interference management for intra-frequency DC in above-6 case might be different with sub-6 case. 
Observation 3. There are different feasibility issues on intra-frequency DC operation according to using single RF or dual RF chain apart from interference management issue.
Observation 4. After getting concrete consensus on solution for each feasibility issues, interference mitigation can be discussed.
Proposal 1. RAN2 should take the complete LS response from RAN4 into account for discussion on intra-frequency DC operation.
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