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1	Introduction
Mobility is one of the key aspects evaluated within New Radio (NR) Access Technology Study Item. A study on new generation of mobile networks provides the opportunity to evaluate a completely new mobility paradigm. This paper is aimed at describing pros and cons of the mobility decisions taken on the grounds of UL signals sent by the UE to NR NBs in its vicinity. A similar approach has been recently depicted e.g. in [1].
2	Discussion
There are multiple important factors that should be carefully considered before adopting UL based mobility as a valid solution in NR Access Technology. The following subsections elaborate on those key areas that need to be evaluated.
2.1	Which signal to use?
[bookmark: _GoBack]First of all, it should be considered what kind of signals can be used for such measurements. The most straightforward proposal for connected UEs would be to make use of the legacy Uplink reference signals (e.g. SRS, Sounding Reference Signal). For idle UEs, a Physical Random Access Channel (PRACH) could be used as it is anyway utilized for power ramp-up purposes during the initial cell access. In yet another variant a new reference signal could be introduced for such purposes. Nevertheless, we believe taking such step is somewhat redundant and UL measurements (if introduced for mobility purposes) can merely rely on the existing reference signals. Ultimately, it is within RAN1 responsibilities to decide which reference signals to use for such purposes and associated RAN1 discussion is still ahead.
Observation 1: [bookmark: _Ref458373058]UL-based mobility measurements (if introduced) can reuse the legacy reference signals (e.g. SRS). Conclusive decision shall be made by RAN1. 
Decision to use certain reference signal (e.g. SRS) leads to the necessity of resolving another related issue: which signal should be received and evaluated by the neighbouring cell(s):
a) The UE sends a single signal (denoted by SRS1) which in turn is received by both serving and neighbouring cell(s), as depicted in Figure 1a
b) The UE sends separate signals: SRS1 to the serving cell and SRS2 to a neighbouring/candidate cell, as depicted in Figure 1b
SRS2 is different from SRS1 in a sense that it is tailored to cell 2, e.g. SRS2 might be in-sync with cell 2, it may use a Tx power controlled by cell 2, it may use pilot sequences configured by cell 2, etc.
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Figure 1: Uplink measurements for mobility – different SRS usage options

Option a) imposes additional complexities, such as: how Cell 2 can effectively receive SRS1? Should it happen in out-of-sync manner? It is also inherent that Cell 1 delivers the properties of SRS1 to Cell 2 via X2* interface (i.e. RAN3 impact is likely). Option b) is also non-trivial and raises further doubts concerning the need for extra RF chains, increasing the radio resource consumption for sending additional SRS or the impact on the UE’s energy efficiency.
2.2	Beamforming
The following aspect appears to be worth considering: as beamforming is considered to be used by the UE for UL transmission in higher frequencies, how adjacent cells are supposed to effectively receive such signals and perform credible assessment on their basis? Obviously, it can be assumed Cell 2 can receive a beamformed SRS 1 but such reception may lack desired accuracy and would be actually regarded as irrelevant. The logical solution would be that the UE broadcasts the SRS isotropically, but this is obviously too expensive in terms of power consumption, coverage and interference level. Using a Cell 2 tailored beam for SRS2 has a “chicken and egg dilemma”: if a priori knowledge of the Cell 2 direction is needed, SRS2 cannot be used to detect new cells.
Observation 2: [bookmark: _Ref458373133]The anticipated wide presence of beamforming technique at UE side in NR can yield additional complexities for UL-based mobility
2.3	Tight cooperation (i.e. message exchange) between neighbouring NR NBs
UL-based mobility imposes a close cooperation between involved cells/NBs. A heavy impact on X2* interface is expected as neighbouring NBs should be aware which signals to measure and how to measure those. Correct SRS reception requires both cell and UE specific parameters. How it can be ensured? Cell-specific parameters can be derived from neighbouring cell’s System Information. How about UE-specific knowledge? Addressing this part appears to be more complex.
Observation 3: [bookmark: _Ref458373180]Robust UL-based mobility implies a massive impact on X2* interface (and as a consequence – RAN3 related workload is expected) in order to configure the measurements and exchange measurement results.
2.4	Ratio of measurements and their impact on DTX
The Observation made in [2] on the “low signaling overhead” of UL measurements is somewhat inaccurate. It has to be taken into account that UL-based mobility may badly collide with DTX scheme. If UE is expected to frequently send SRS (or other reference signals), UE energy savings are jeopardized. Thus, it seems to be a tough challenge to simultaneously ensure high UL measurement ratio (i.e. to guarantee sufficient mobility tracking) and avoid battery drainage. The solution should be energy-efficient and does not lead to UE battery drainage.
Observation 4: [bookmark: _Ref458373209]A trade-off between energy consumption and the frequency of UL measurements would have to be found to guarantee efficient UL-based mobility operation
2.5	Applicability to Connected or Idle mode
In [3] it is explicitly stated UL based mobility is foreseen for Connected mode. However, it does not seem to be a common understanding as the authors of [1] have pointed out RACH usage, what might have implied applicability to the Idle mode. In our opinion it makes sense to use UL measurements to support mobility in RRC_CONNECTED* whereas more justification should be provided to introduce such mechanism in Idle mode.
Observation 5: [bookmark: _Ref458373229]UL measurements to support mobility are more relevant in RRC_CONNECTED* than in RRC_IDLE*
2.6	Standalone or supplementary solution
A key question to be answered here is whether the UL-based mobility scheme is sufficiently robust and effective to serve as a standalone mobility assessment solution. We tend to believe, such mechanism could be introduced but in a careful manner (i.e. as an assistance, supplementary solution to a well-known and reliable DL-based measurements). For a standalone solution the UE would have to be forced to regularly transmit broadband signals, even when no data is to be transmitted.
Observation 6: [bookmark: _Ref458693551]Based on our current analysis, UL measurements can play assisting role and seem to be insufficient to be considered as a standalone solution.
All aforementioned challenges and opportunities lead to the following concluding proposal:
Proposal 1: [bookmark: _Ref458693839]Mobility based on UL signals is the area which undoubtedly should be further considered, taking into account all non-negligible aspects highlighted within this paper.

3	Conclusion
This paper was aimed at analyzing UL measurement for mobility purposes. As a result, the following Observations and Proposals have been made: 
Observation 1: UL-based mobility measurements (if introduced) can reuse the legacy reference signals (e.g. SRS).
Observation 2: The anticipated wide presence of beamforming technique at UE side in NR can yield additional complexities for UL-based mobility.
Observation 3: Robust UL-based mobility implies a massive impact on X2* interface (and as a consequence – RAN3 related workload is expected) in order to configure the measurements and exchange measurement results.
Observation 4: A trade-off between energy consumption and the frequency of UL measurements would have to be found to guarantee efficient UL-based mobility operation
Observation 5: UL measurements to support mobility are more relevant in RRC_CONNECTED* than in RRC_IDLE*
Observation 6: Based on our current analysis, UL measurements can play assisting role and seem to be insufficient to be considered as a standalone solution.
Proposal 1: Mobility based on UL signals is the area which undoubtedly should be further considered, taking into account all non-negligible aspects highlighted within this paper.
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