Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #97	R2-1701131
Athens, Greece, 13-17 Feb 2017

Agenda Item:	10.3.1.2
Source: 	Huawei, HiSilicon
Title:  	UE based mobility considering beamforming
Document for:	Discussion and Decision
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Beam related mobility has been discussed in RAN2. We note that most discussion related to beamforming is for connected mode. For UE based mobility, there is not much discussion up to now.
In the RAN2#95bis meeting, an agreement related to idle mode is:
Agreements for IDLE
1	In IDLE mode, UE performs cell selection and reselection on NR Cells.
2	Study how to derive a cell quality based on measurements.
Before diving into the detail design, we need to make it clear what scenarios and principle should be followed. This contribution analyzes different scenarios and the principle for UE based mobility considering beamforming, including but not limited to high frequency. For convenience of discussions, we use high frequency beamforming for example.
Discussion
Scenarios of high frequency deployment
We expect that the deployment scenarios for high frequency will change over time. At the initial stage, the low frequency assisted high frequency is most likely. The second stage would be standalone high frequency.
From deployment aspect, the scenarios of high frequency are shown in the figure below:


Figure 1 Deployment scenarios of high frequency
For case (a) in the figure above, both low frequency and high frequency TRPs are in one cell. Whether low frequency and high frequency TRPs are in one MAC or different MAC can be FFS. Case (b) can be either low frequency assisted high frequency or standalone high frequency. Case (c) is only for standalone high frequency where high frequency TRPs are for coverage extension.
UE operation in high frequency is complex compared to low frequency because beam tracking process is needed even for idle or inactive state UE in order to achieve DL synchronization or paging monitoring. Based on this concern, high frequency is preferable for data transmission and for capacity enhancement purpose when UEs have high volume data to be transmitted. For such use cases the design of high frequency and UE operation can be simplified.

UE based mobility
Inactive state UE operation in high frequency is analyzed in [2, 3, 4] for different mobility scenarios. Despite that UL based mobility (for INACTIVE state) [3, 4] is not exactly the same as UE based mobility (for IDLE state) here, we can see below from Figure 2 that for beamformed systems both (i.e., regardless the UE based mobility being DL or UL based) would see a large signalling overhead. The operation process is as shown in the figure below:


(a) DL-based mobility for HF


(b) UL-based mobility for HF
Figure 2 UE based mobility for HF
For UE based mobility, UE needs to do at least synchronization and beam acquisition before paging opportunity in order to acquire a beam for paging reception. If the measurement of the beam cannot be done simultaneously with the synchronization process, an extra measurement process will be needed which will lead to very long process for measurement. These same concerns apply to any environment relying on beamforming and especially beam sweeping for idle/inactive mode; the level of overhead depends on the beam pattern, synchronization opportunities, and synchronization/beam acquisition process. The worst cases would be expected to occur in high frequency where beams may need to be relatively narrow to provide enough gain, resulting in long sweeping patterns (or many repetitions to accumulate energy for a single transmission).
As discussed in section 2.1, and also for the above reason, the deployment of high frequency would better be low frequency assisted at least in the initial stage. So, for case (a) and (b) in Figure 2, UE should be in the coverage area of both low frequency and high frequency TRP. If the UE can always camp on low frequency bands, the paging and synchronization operation will be much simpler for the help of omni-directional signals conveniently available on LF, than camping on high frequency for the same scenarios. If camping on HF, the UE needs to do beam acquisition from time to time in order to finish cell reselection and receive paging at a much higher power consumption than on LF.
For idle UE, beam acquisition process is needed in order to monitor paging opportunities. Additionally, a UE in idle state needs to do cell reselection that also mandates it to do beam acquisition and synchronize to the cell. For such purposes, UE needs to sweep across all possible beams and evaluate the quality of the beams/cells and then make a decision of cell reselection. This is also a complex and energy consuming process. The cell reselection in an omni-directional environment (e.g., LF in particular) is much simpler than in the presence of beamforming.
Observation 1: It would be beneficial for cell selection or reselection to prioritize camping on an omnidirectional layer, e.g., on low frequency if both low frequency and high frequency are available.
When a UE is in RRC_INACTIVE or idle state and yet it has a large volume of data to transmit, the network can schedule the UE to access the beamformed frequency band. How to schedule the UE onto this frequency differs for different scenarios and should be FFS.
If both low frequency and high frequency are used for transmission, using DC or CA like technology as suggested in [1], low frequency is preferred as the primary “cell” for anchoring RRC control reliably and with a wide coverage. In general, it should be preferred that the primary cell offers omnidirectional coverage, or at least wider beams than the secondary cell.
Observation 2: A cell not relying on beamforming can be used as the primary cell if available.
After UE finishes the transmission in active state, the UE will fall back to the non-beamformed (omni-directional) layer and camp there. If handover happened, this layer (e.g., as a primary cell or link) could be changed as well as the secondary cell or link. At least in the LF assisted HF case where the beamformed HF cells are small, it is likely that the SCell would change frequently while the PCell stays the same. For such case the UE should fall back to the non-beamformed layer, e.g. the low frequency primary cell/link.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal: Consider the non-beamformed layer (such as lower frequency) for camping and for the role of PCell to coordinate the beamformed layer (such as high frequency).

Conclusion
This contribution discusses the possible deployment scenarios of high frequency. Considering the complex operation of UE in high frequency, this paper has the following observation and proposal:
Observation 1: It would be beneficial for cell selection or reselection to prioritize camping on an omnidirectional layer, e.g., on low frequency if both low frequency and high frequency are available.
Observation 2: A cell not relying on beamforming can be used as primary cell if available.
Proposal: Consider the non-beamformed layer (such as lower frequency) for camping and for the role of PCell to coordinate the beamformed layer (such as high frequency).
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