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1. Introduction
This contribution addresses the question 4) of the RAN WG2 LS on UL synchronization [1]: would it be possible for the UE to use the drift in DL transmission timing as a trigger to request a new TA or even correct its uplink timing?
In order to answer this question, we gathered some published data on empirical models for the propagation channel in urban environments and derived the dynamic characteristics of the power delay profile (PDP) in such environment.
2. Propagation channel empirical measurements and models in urban environments

This Section gives a summary of a literature survey on the topic. The concept of distant reflectors generating multipath clusters was introduced in 1991 [2]. It basically states that, in urban environment, the delay profile can be further broken down into “clusters” for which large scale fading may apply independently. It can be due to clusters originating from distant reflectors, or from different propagation mechanisms, namely LOS, reflection, scattering and diffraction [3]. [4] provides an analytical power breakdown variations of the various propagation mechanisms along urban routes. The resulting overall ranking is 1) LOS/reflections 2) scattering 3) diffraction. It should be noted though that LOS is “real” LOS in [4], meaning direct path without reflections. It also shows a particular scenario where LOS starts 60 dB below reflections, and then suddenly (within few meters) pops up on top. [5] further characterizes the clusters from empirical measurements in urban locations where no direct LOS exists and complement the ranking of [4] with the following conclusions: 1) street canyon propagation (street-guided reflections + scattering) dominates the power profile. 2) Direct propagation over the rooftop (quasi-LOS). These are directly diffracted components with the shortest delays. 3) Distant reflections/scattering from buildings rising above the average roof-top level. Such dominant reflectors act like a pseudo-signal source carrying waves with different delays to the receiver. On the opposite, [6] shows that in a “wider” urban area, the latter category (“far clusters”) can carry significant power mostly when they have LOS both to the NodeB and the UE. The birth death process of the far clusters directly relates to the UE moving in and out of their visibility regions, and can occur abruptly. [7] adds to the static analysis of [5] some dynamicity (measurements with moving UEs) and concludes that the dominant propagation mechanism can vary considerably when the mobile moves in the environment. Finally, [8] gives an analytical justification of the lognormal large scale fading commonly used, and extend it to a cluster-based shadow fading model. Time variation is also addressed and it is observed that weaker clusters often fade below the noise floor, in some case reappearing at a later time instant. Therefore the cluster power signals have many discontinuities.
 
The resulting delay classification of the multipath clusters in urban environment is as follows (Figure 1):
 
1. Earliest paths are either direct LOS or quasi-LOS (direct diffraction over the rooftop). The former may occur occasionally but the latter is the most common. 

a. Direct LOS: it can be the strongest path but can appear/disappear as fast as the UE moves in and out the NodeB visibility. 

b. Quasi-LOS: it is generally weak compared to other clusters and may often fade below the noise floor 

2. Latest path clusters are due to distant reflectors e.g. buildings rising above the average roof-top level. As for the direct LOS, the birth death process of the “far clusters” directly relates to the UE moving in and out of their visibility regions, and can occur abruptly. 

3. In-between, street canyon propagation (street-guided reflections + scattering) dominates the power profile. 
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Figure 1 Characterization of Power Delay Profile clusters in urban environments
3. Impact on UL synchronization

The conclusion from the above classification is that, in urban environment, both ends of the power delay profile (PDP) can undergo abrupt birth-death process while potentially carrying significant power. In LTE, UL synchronization aims at maintaining orthogonality on the PUSCH and PUCCH by maintaining UE’s power delay profile within the CP of the OFDM symbols and within the cyclic shift allocated to a reference signal (RS). In [9], we show that the former is less sensitive to timing errors than the latter (considering SRS multiplexing) which leads, with the TU channel, to the most stringent synchronization requirements: +/- 0.5µs. Figure 2 illustrates this CDM interference with an example where a UE (UE2) is first synchronized based on a delay profile where the LOS cluster is absent (upper part). As soon as it moves in the NodeB visibility, the LOS cluster raises, thus interfering with UE1. Such cluster can be as wide as 1 µs [5], thus decreasing the BLER performance by up to 1 dB [9].
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Figure 2 Example of interference on CDMed UEs due to abrupt birth of an early path cluster
In [10], we proposed a low overhead, periodic SRS transmission in support of a large number of UEs. However, a periodic approach works fine with linear time variations (e.g. round-trip variations due to UE motion) but is not fast enough (under reasonable overhead) to track the abrupt variations of path clusters at both ends of the power delay profile in urban environments. As an example, Figure 3 shows how the UE sudden timing advance in Figure 2 can be left undetected for several hundreds of ms with a periodic SRS. One could further state that the fast timing variation of corner effects could be used to differentiate them from other timing error sources (clock drift) so that the UE could autonomously compensate for it in UL as well. However, the UL/DL large scale channel reciprocity is only valid for pure LOS and distant reflectors, and does not hold with diffraction and low speed. Therefore, the periodic approach should be complemented with a UE driven timing adjustment (TA) request, upon observed change in DL PDP. It should be noted that the proposed approach only consists in maintaining DL synchronization during Rx intervals at DRX interval boundaries. This seems mandatory anyway to keep on receiving the PDSCH during these Rx intervals. The only additional constraint is the maintenance of some history of changes in order to track “fast” changes which would trigger UL TA request. The details of the triggering process can be left to implementation or even be optional, but as a minimum, the UE should have the possibility to autonomously send a TA request. The scheduling request (SR) is well suited for that, as it is dedicated to UE-initiated transmissions.
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Figure 3 Undetected timing change due to corner effect with periodic SRS
4. Conclusion

In this contribution, we analyzed from published studies the time varying characteristics of the power delay profile (PDP) in urban environments, and concluded that both ends of the PDP can undergo abrupt birth-death process while potentially carrying significant power. We derived the impact on UL synchronization maintenance, showing that a periodic-only SRS cannot detect fast enough these timing changes, thus leaving the UE out of sync (or close to) for several hundred of ms. Since, for practical overhead and power saving reasons, the SRS period cannot be made too short, we propose that the periodic approach is complemented with a UE driven timing adjustment (TA) request, upon observed change in DL PDP.
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