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Introduction
A new WI [1] for even further Mobility enhancement in E-UTRAN was approved at RAN#80. The WI scope covers the following:
· Specify further enhancements to achieve following targets, [RAN2/3]
· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 
· improve the robustness during handover,
· Specify necessary core requirements for the identified solutions [RAN4]
This work has been split into the following phases:
· Study Phase, to evaluate the proposed solutions, e.g. simultaneous connectivity with both source and target eNB, conditional handover and enhancements to make-before-break, including support of carrier aggregation in source and carrier aggregation in target eNB during handover, and do down selection or merger, if necessary.
· [bookmark: _GoBack]Work Phase, to specify the chosen solution(s)
The following was agreed for LTE Conditional HO (CHO) at RAN2#104 [2]:

Agreements
1	Support configuration of one or more candidate cells for conditional handover.
=>	FFS how many candidate cells (UE and network impacts should be clarified).

In this contribution, we focus on the issue of number of candidate cells for CHO, and provide a way forward.
Discussion
At RAN2#105, contributions in [3], [4], [5], [6], [7], [8] discussed the issue of number of candidate cells to be supported for CHO. Whilst the authors of this paper (we) acknowledge that technical complexities are of paramount importance when making design decisions on CHO, we’d like to highlight the usage of this CHO feature from a practical stand point.
Development of LTE specifications was centered around Macro eNBs. Although, HeNB support was added in later releases of LTE, given the challenges (e.g. cost, business models etc) associated with small cells[footnoteRef:2], its deployment didn’t really achieve the expected penetration rate.  [2:  Small cell refers to either micro, pico, and femto cells] 

With developments such as inclusion of FR2 as a valid frequency range for deployment of 3GPP’s 5G NR technology, FCC’s R&O [8] for opening of 3.5GHz CBRS spectrum in USA which allows indoor (Cat A CBSDs) and outdoor (Cat B CBSDs) mode of service operation etc, small cell-based deployments are either already becoming or are soon to be a reality. An LTE network which uses a combination of macro nodes together w/ small cells or a small-cell only network (for regional deployments) is expected to benefit the most from CHO. 
The authors believe that neighbor cell relationship for macro nodes looks drastically different to that of small cell nodes. The density of target users adds further layer of complexity e.g. a deployment targeted for a downtown area is expected to be denser (more neighbor cells) than one which targets sub-urban or rural areas. 
Observation 1: The number of target cells for CHO will vary depending on the type of targeted deployment (e.g. sparse v/s dense area).
Our initial radio planning for Multi Dwelling Units (MDUs ala low/mid/high-rise residential or enterprise buildings) extremely dense areas such as downtown NewYork City (NY, USA) reveals (Figure 1) that the number of candidate target cells (assuming omnidirectional cell per small-cell eNB) could range from 8-20. Whereas, the number of candidate target cells for a sub-urban/rural deployment may be no more than 3-5. 
[image: ]
[bookmark: _Ref3963390]Figure 1. NYC, NY, USA Site#1
In the figure above, pink sectors are roof-top mounted (high-powered CBRS Cat B CBSD) eNBs. Green circles are indoors sites serving outdoor (CBRS Cat A CBSD indoor) as well as indoor sites mounted outdoors (CBRS Cat B CBSD outdoor) along the MDUs. For a green circle sector in middle of the figure above, 23 neighbor cells (to/from which  mobility is to be expected) are provisioned. Same neighbor relationship applies to remainder of shown cells in the above site. 
Observation 2: The number of target (small-)cells for CHO for dense areas could be up to 20.
We do acknowledge that various technical aspects, such as the ones mentioned below, associated with supporting candidate target cells for CHO need to be taken into considerations:
· How are the candidate target cells communicated to the UE? E.g. in a single message, or one message per target cell etc
· How are updates to the candidate targets cells done? E.g. multiple single messages, delta messages etc
· How often are such updates expected once CHO starts?
· How to balance resource reservation against cell’s performance?
· etc…
Although we believe these to be important matters which ought to be resolved, if the resulting CHO solution imposes restrictions such as limit CHO to support only single candidate target cell [3], then we think it would discourage deployment of CHO itself; ergo, negating the value of a feature which has good potential to make a real difference. If we discuss the maximum number of candidate target cells during Stage 3 [7], then such an afterthought will lead to designing the feature without a design goal or intended deployment scenario in mind, which in turn will make CHO a subject of technical limitations of the imposed/selection solution.
Given the above, we propose that the maximum number of candidate target cells for CHO allowed for this release (Rel-16) be set to 16 (which if needed can be represented by 4-bits). 
Conclusion 1: The maximum number of candidate target cells to be supported for Rel-16 Conditional HO to be set to 16.
Conclusion
The following proposals are provided in this contribution:
Observation 1: The number of target cells for CHO will vary depending on the type of targeted deployment (e.g. sparse v/s dense area).
Observation 2: The number of target (small-)cells for CHO for dense areas could be up to 20.
Conclusion 1: The maximum number of candidate target cells to be supported for Rel-16 Conditional HO to be set to 16.
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