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1 Introduction

At RAN4#77 it was agreed that measurement requirements for SSTD reporting are to be added to 3GPP TS 36.133 [1]

 REF _Ref442700415 \r \h 
[2]. The required accuracy will be specified during the performance part of the work item. Online when handling [2] it was raised by one company that more discussion is needed regarding the performance requirements.
In this contribution we share our view on relevant parts of the UE architecture and the implementation of SSTD reporting. 

2 SSTD
SSTD reporting (SFN and subframe time difference) may be requested by a UE from the network as a means for determining the timing relation between the PCell and the PSCell. The information can e.g. be used by the network to determine whether measurement gaps on one of the connections will impact the PSCell link by puncturing one additional subframe before or after the signalled measurement gap.

The STTD comprises an SFN offset in the range of 0 to 1023 frames between the SFN of the PCell to the PSCell, a frame boundary offset between PCell and PSCell in the range of -4 to 5 subframes, and subframe boundary offset in the range of 700 to 1320Ts [2].

In order to determine the SSTD the UE thus has to acquire the SFNs for both connections and additionally take into account the observed frame timing difference between the two cells. 
3 UE architecture for CA and DC
This section briefly describes two UE architectures for CA and DC. The first design is based on that there is a single RF IC, and the second design is based on that there are two RF ICs; see Figure 1 and Figure 2, respectively.
Both alternatives are using a common modem time reference which is used as time reference for the ADC, hence the sampling time from either connection can be related to a common time source, and hence the samples from the two connections can be related to each other.
In case of a solution with two (or more) RF ICs on RF IC is the master with respect to providing the modem reference time. The demodulation frequency for each connection can be tuned separately from the modem reference time.
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Figure 1: Sketch of dual receiver in single RF IC solution
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Figure 2: Sketch of dual receiver with multiple RF ICs.
The baseband is assumed to be same for both alternatives. The IQ samples received from the two connections are used for tuning the PLLs (AFC), tuning the modem reference time, as well as for tracking the frame timing of PCell and PSCell; see Figure 3. Since the samples can be related to each other via the common modem reference time source, the cell timings for PCell and PSCell can be related to each other.
In case, e.g. due to DRX inactivity, the UE experiences increased time drift it has the same impact on both PCell and PSCell frame timings, i.e., the relation between them remains as long as

· the UE is stationary, and

· MeNB and SeNB are in sync regarding the modulation frequency.
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Figure 3: Sketch of baseband processing for SSTD
4 BS requirements on frequency stability
The base station requirements on frequency error minimum requirement [3] state that for wide area base stations, a frequency accuracy of ±0.05 ppm is required, and for medium range base stations, a tolerance of ±0.10 ppm is required.
The difference here between CA and DC is that for CA there are additional requirements in [3] on the maximum time difference between signals transmitted from different antennas. Even for the case on non-co-located inter-band aggregation the synchronization of the transmitted signals is tight (260ns). This in practice forces PCell and SCell to be tightly synchronized with each other even should the solution be based on multiple eNBs.
In DC there are no such requirements on time synchronization between the signals transmitted in PCell and PSCell, respectively, and hence in worst case the UE may see a frequency stability deviation of twice the maximum tolerance between PCell and PSCell. For instance, in case the UE is in dual connection with two wide area base stations, it may see a time drift caused by to 2x0.05ppm difference in demodulation frequency used by the base stations. This drift, which is inherent to the base stations, will cause the time difference between PCell and PSCell to change over time.
5 Summary
Given that the UE requirements on SSTD accuracy is tested with test equipment that allow the PCell and PSCell to be synchronized with respect to the modulation frequency, the UE shall be able to accurately determine the SSTD between PCell and PSCell. Drift caused e.g. by lost timing accuracy due to DRX operation will be common to both PCell and PSCell and will thus not negatively impact the accuracy of the SSTD.

In field the base stations may display slightly different frequency offsets although within the allowed tolerance. Such different offsets will result in a relative timing drift between PCell and PSCell. This relative drift is nothing that shall be covered by the UE measurement tolerances but rather represents inherent inaccuracies in the base stations. 
6 Conclusions
Both PCell and PSCell are serving cells from which the UE receives on e.g. PDCCH, PDSCH and PBCH. In order to secure an acceptable demodulation performance the UE tracks the frame timing of a cell to maintain a symbol start in the demodulation that is about midways into the cyclic prefix; otherwise performance degradation due to inter-symbol interference will result. Since PBCH reception of a new PSCell is necessary for establishing SSTD, the UE will fine-tune its information about PSCell before reporting SSTD. If in DRX operation, whereby the time difference is measured over several DRX cycles, the UE has to monitor PDCCH during every ON duration, and thereby anyway has to fine-tune information on PCell and PSCell cell timings. 
The previously proposed SSTD accuracies (±36 Ts for BWs > 6RB and ±48 Ts for BW ≤ 6RB) do not put any extra efforts on the UE in addition to the time tracking performance already required for acceptable demodulation performance. Given that both cells are received simultaneously, and that they both are related to the same modem reference clock, no additional uncertainties are introduced hence the UE can easily meet the proposed SSTD accuracies.
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