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1
Introduction
Agreement has been achieved at RAN2#97 that [1]:

RAN2 protocols for NR should be flexible to allow the possibility of Intra-freq DC/multiconnectivity. 

It should be noted that the agreement above is achieved during the discussion of “Mobility with RRC involvement - dual connected handover”. And for mobility, there’s another important agreement at RAN2#97 for the mobility interruption:
We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO.
In this contribution, some preliminary consideration on Intra-freq DC will be discussed, including the justifications, scenarios, assumption on UE RF capability and the possible solution directions.
2
Discussion
Justifications 
Intra-freq DC for low frequency was once discussed during the study of small cell enhancement. At that time, the Intra-freq DC was targeted between Macro and small cell as illustrated in Figure 1. And all the related analysis has been captured in TR36.842 [2].
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Figure 1 Intra freq DC between Macro and small cell 
The Intra-freq DC discussed in small cell enhancement targets for the throughput improvement. After studying, the potential gain of the throughput improvement was captured in [2] based on simulation and technical analysis:

From these results the technology potential of this solution is not justified since the existing mechanisms seems to be sufficient. This is because for the eICIC operation, the ABS pattern can follow the user distribution resulting in the comparable gain to inter-node radio resource aggregation.

Observation1. The potential gain of throughput improvement for Intra-freq DC between Macro and Pico on the low frequency was not justified during the study in LTE R12.

As indicated above, the agreement to allow the possibility of Intra-freq DC/MC is achieved during the discussion of intra-NR mobility. Consider the tendency that cells will be deployed denser e.g. for hot spot scenarios and the cell coverage may be much smaller, especially with the use of high frequency bands, mobility in NR will occur much more frequently. And due to the vulnerable failure of measurement report and/or handover command, HOF rate may be much higher especially on high frequency bands [3][4]. The adoption of Intra-freq DC may be beneficial for both the achievement of the handover interruption target in NR (e.g. as close as to 0 ms or even 0ms) and for the assurance of the handover reliability. Given the above analysis, we think that the potential technical justification for Intra-freq DC is mainly for mobility enhancement.
Observation2. The potential technical gain of Intra-freq DC is mainly for mobility enhancement.

While regarding other technical gains, such as the throughput improvement, it has been shown in LTE R12 that at least for Intra-freq DC on the low frequency, no thrilling gain is seen compared to the adoption of eICIC. So in our opinion, no repetitive evaluation should be performed again. In other words, the throughput improvement should not be considered as a potential justification at least on the low frequency. While for the high frequency, as agreed according to the most recent WI [5], frequency ranges up to 52.6 GHz will be considered in NR. Whether we should also target the throughput improvement or not on the high frequency in NR should be carefully justified first.
Observation3. Whether other technical gains, e.g. throughput improvement should be targeted as a potential gain on the high frequency in NR should be carefully justified first.
Proposal1. The justification of the Intra-freq DC should be clarified first, e.g.
· The potential technical gain of Intra-freq DC should be mainly for mobility enhancement;

· Whether other technical gains, e.g. throughput improvement should also be targeted as a potential gain on the high frequency in NR should be carefully justified first;
Scenarios 

As analyzed above, from our perspective, the potential technical gain of Intra-freq DC should be mainly for mobility enhancement. As is known, system deployed on the low frequency is interference-limited. So for the purpose of UE specific mobility improvement, mechanisms should be carefully designed to perform inter-node radio resource coordination to alleviate the severe interference. With the improvement of the UE mobility performance, the impact on the cell or the system in turn should be carefully considered. While for system on the high frequency, beam forming will be used for mitigating the server path loss, the signal is transmitted through the beam pattern but not propagated in omni-direction. The beam forming system might be categorized as rather noise-limited system than interference-limited one. Even in some specific scenarios as indicated in [6], the interference is also quite limited compared to system on the low frequency. So from this perspective, carry out of the Intra-freq DC on the high frequency band may be more practical. 
Observation4. Mechanism should be carefully designed to perform inter-node radio resource coordination to alleviate the severe interference for the purpose of Intra-freq DC on the interference-limited low frequency. While carry out of the Intra-freq DC on the noise-limited rather than interference-limited high frequency band seems more practical.
Proposal2. Scenarios to allow the Intra-freq DC should be clarified first, e.g. limit the Intra-freq DC only on the high frequency band.
Assumption on UE RF capability
Multiple Tx/Rx is always assumed for conventional DC, e.g. DC specified in LTE R12, tight interworking etc. Regarding the achievement of the Intra-freq DC, whether the same prerequisite is also assumed as for conventional DC? Multiple Tx/Rx will increase the cost and complexity in UE. For Intra-freq DC, the same frequency is used on both cells. To reduce the cost and complexity in UE, no multiple Tx/Rx (i.e. single Tx/Rx) should be assumed for Intra-freq DC. In other words, the intra-freq DC should be supported for UE with either single Tx/Rx or multiple Tx/Rx.
Proposal3. To reduce the cost and complexity in UE, no multiple Tx/Rx (i.e. single Tx/Rx) should be assumed for Intra-freq DC. In other words, the intra-freq DC should be supported for UE with either single Tx/Rx or multiple Tx/Rx.
Solution directions
According the analysis above, to reduce the cost and complexity in UE, it should not be limited that the UE must have multiple Tx/Rx chains. And mechanism to overcome the interference issue (may also exist on the high frequency), e.g. inter-node radio resource coordination should be considered to ensure the performance of Intra-freq DC. Traditionally, interference mitigation or inter-node radio resource coordination for a single frequency can be achieved from either the time domain or frequency domain. The feasibility of both the time domain based and the frequency domain based solution should be consulted in RAN1 first.
Proposal4. The feasibility of both the time domain based and the frequency domain based solution for Intra-freq DC should be consulted in RAN1 first.
4
Conclusion
In this contribution, some preliminary consideration on Intra-freq DC is discussed with the following observations and proposals:
Observations:
Observation1. The potential gain of throughput improvement for Intra-freq DC between Macro and Pico on the low frequency was not justified during the study in LTE R12.
Observation2. The potential technical gain of Intra-freq DC is mainly for mobility enhancement.

Observation3. Whether other technical gains, e.g. throughput improvement should be targeted as a potential gain on the high frequency in NR should be carefully justified first.

Observation4. Mechanism should be carefully designed to perform inter-node radio resource coordination to alleviate the severe interference for the purpose of Intra-freq DC on the interference-limited low frequency. While carry out of the Intra-freq DC on the noise-limited rather than interference-limited high frequency band seems more practical.

Proposals:

Proposal1. The justification of the Intra-freq DC should be clarified first, e.g.

· The potential technical gain of Intra-freq DC should be mainly for mobility enhancement;

· Whether other technical gains, e.g. throughput improvement should also be targeted as a potential gain on the high frequency in NR should be carefully justified first;
Proposal2. Scenarios to allow the Intra-freq DC should be clarified first, e.g. limit the Intra-freq DC only on the high frequency band.

Proposal3. To reduce the cost and complexity in UE, no multiple Tx/Rx (i.e. single Tx/Rx) should be assumed for Intra-freq DC. In other words, the intra-freq DC should be supported for UE with either single Tx/Rx or multiple Tx/Rx.
Proposal4. The feasibility of both the time domain based and the frequency domain based solution for Intra-freq DC should be consulted in RAN1 first.
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