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1
Introduction

As the NR SI was completed and the NR WI has been started after the RAN#75 meeting [1], one of the tasks for NR WI is to specify the handover procedure. 
During the previous RAN2 meetings companies have been discussing extensively which mobility mechanisms should be adopted for NR and which one should become the baseline. As the outcome, RAN WG2 has concluded after the RAN2#97bis meeting that the Rel-8 LTE mobility procedure should be considered as the baseline mechanism also for NR, while other enhancements can be tackled later once the basic functionality is finalized. 

At the same time, companies have been exploring the possibility of utilize the NR-NR dual-connectivity framework, which in principle can be configured so that both cells reside on the same frequency thus improving the intra-frequency handover reliability and decreasing the interruption time. In response to this discussion RAN WG2 sent LS to RAN WG1 and WG4 [3], asking their opinion on whether configuration of two cells is feasible and in which scenarios.
	Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Q3: Do the answers to Q1-Q2 change depending on the frequency bands?


During the RAN4#83 meeting, the above three questions are discussed but limited agreement achieved. In this paper, we will provide our further views on this topic.
2
Discussion
Based on the aforementioned questions from RAN WG2, the technical discussion is provided as below respectively.  

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Firstly, with single RF chain in mmWave band, the impact of RX beamforming shall not be overlooked: i.e., in the cell edge region to request the handover, RX beamforming towards different directions could be inevitable in DC-based mobility between non-collocated gNBs, but aiming at two diverse directions is not obtainable especially considering digital + analogy beamforming is assumed by companies in the RF architecture discussion. Even with the potential advanced TDM/FDM solutions into account, the above-mentioned issue (two RX beams towards two different directions) is still hard to be addressed: (1) For FDM scheme, it requires two beams in two sub-bands but it is hard to be supported by current mmWave architecture agreement; (2) For TDM scheme, the beam switching time is inevitable which will be contradictory to the intention to introduce this DC-based mobility, i.e., 0ms interruption time. 

With dual RF chains in mmWave band, two RX beamforming directions can be achieved for both synchronous and asynchronous network. However, we should further exam this assumption with RAN4’s agreement on mmWave UE architecture [2][3]. Based on our understanding, the “RX chain” concept is more comparable to the concept of “antenna arrangement” or “single polarization in one antenna arrangement” in [2]. If two antenna arrangements (assuming each include two polarizations) are utilized for two directions, the original Demod performance can be maintained, while if two polarizations in one antenna arrangement are utilized for two directions, the diversity gain will lost thus resulting degraded performance for both directions. It should be noted that, considering the direction matching between UE antenna arrangements and directions from source/target gNB, both above-mentioned situations could happen. 

For below-6GHz, most technical difficulties have been well discussed for single RF chain, which will limit the implementation scenario into synchronous network with the limited power difference between target and source gNB. However, for dual RF chain in below 6GHz band, it is feasible to have simultaneous reception as we discussed in LTE eMobility discussion. 

Observation 1: In mmWave band, UE performs simultaneous reception from two intra-frequency cells is not possible with one RF chain; two RF chain may enable the simultaneous reception but degraded performance may be expected. 

Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Similar to the above analysis in RX part, in mmWave band, Tx beamforming simultaneously towards source and target cells will be required, especially considering in the handover region (more likely to be UL-limited area) reasonable Tx beamforming gains respectively toward source and target cells will be essential to maintain the wireless links. Similarly, the feasibility answer for single RF chain will still be negative. Similarly, advanced TDM/FDM scheme still cannot help for this Tx scenario. 

For dual Tx RF chains utilized for mmWave band, the simultaneous intra-frequency transmissions toward two directions could be possible. However, considering the power sharing mechanism which will be decided by RAN1, the allocated power could be reduced thus limiting the cell edge performance to both directions. 

For below-6GHz, similar to Rx discussion, we don’t observed any technical difficulty for two RF chain implementation. But for single RF chain implementation, the difficulty of Tx timing, Tx power imbalance between two transmissions will be expected.  

Observation 2: In mmWave band, UE performs simultaneous transmission toward two intra-frequency cells is not possible with one RF chain; two RF chain may enable the simultaneous reception but degraded performance will be expected due to power allocation between two transmissions. 

Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

Considering the beamforming related issues are also band/frequency range related, the answer to Q3 could not be that straightforward, i.e, we should separate the discussion for mmWave and below 6GHz in the reply LS to RAN2.

Observation 3: Considering the beamforming related issues are also band/frequency range related, the answer to Q1 and Q2 will be band/frequency range dependent.
3 Conclusion
In this discussion paper we have provided our observations on RAN2’s questions on the feasibility of DC-based mobility enhancement in NR. As a summary of our paper the following observations were made:
Observation 1: In mmWave band, UE performs simultaneous reception from two intra-frequency cells is not possible with one RF chain; two RF chain may enable the simultaneous reception but degraded performance may be expected. 

Observation 2: In mmWave band, UE performs simultaneous transmission toward two intra-frequency cells is not possible with one RF chain; two RF chain may enable the simultaneous reception but degraded performance will be expected due to power allocation between two transmissions. 

Observation 3: Considering the beamforming related issues are also band/frequency range related, the answer to Q1 and Q2 will be band/frequency range dependent.
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