
3GPP TSG RAN WG1 Meeting #67
        

               R1-114220
San Francisco, USA, November 14th – 18th, 2011
Agenda item:
7.2.2
Source: 
Samsung
Title: 



Time and frequency synchronization on additional type carriers
Document for:
Discussion and Decision

1 Introduction
In RAN1#66bis it was agreed that at least one new carrier type (NCT) is introduced in Rel-11. The NCT is associated with a backward compatible carrier. Thus, the NCT is not stand-alone and UEs connected to a cell of an NCT are always connected to the Pcell of a backward compatible carrier. This contribution discusses DL time and frequency synchronization for UEs on the NCT. An important issue is whether a certain type of measurement signal (PSS/SSS, CRS, CSI-RS, etc.) for synchronization should be transmitted on the NCT to support DL synchronization.
2 Time/frequency synchronization
2.1 Synchronization on new carrier type
After establishing frequency synchronization and subframe and OFDM symbol timing during the initial cell search, the UE should keep tracking the time/frequency offset in order to maintain synchronization to the cell and avoid reductions in the reception SNR of DL physical signals and channels. The time/frequency tracking process consists of estimating the time/frequency offsets of the received DL signals and adjusting the local time/frequency of the UE receiver in accordance to the estimated time/frequency offsets. Which physical signals or channels are used for the estimation of the time/frequency offsets at the UE receiver is an implementation aspect. However, predefined pattern signals such as the PSS/SSS and the CRS can well suit the purpose and implementations based on either or both of the PSS/SSS and the CRS have likely been adopted in many legacy LTE UEs. 
In carrier aggregation scenarios where the NCT is deployed on a different band from legacy carriers, separate RF chains for the NCT and legacy carriers are necessary at the eNB and the UE. Thus, the time/frequency offsets incurred on the RF chains for the respective bands are likely to be different and the multipath delay profile in the respective bands, which affects the time synchronization, would be different especially in deployments with band specific RRHs or repeaters as in Scenarios 4 and 5 in Annex J of TS 36.300 [1]. Due to these reasons, it seems problematic and undesirable for a UE to rely on PSS/SSS and CRS of the legacy carriers in order to track the synchronization on the NCT. One way to resolve the above issues is to transmit predefined signals on the NCT for synchronization purposes as is done on legacy carriers. DL physical signals such as PSS/SSS, CRS and CSI-RS as well as cyclic prefix can be considered as signals for synchronization on an NCT and are discussed in detail in subsequent sections.
Proposal
· For reliable time/frequency tracking on the new carrier type, predefined signals (such as one or more of CRS, PSS/SSS, CSI-RS, etc.) should also be transmitted on the new carrier type.
2.2 Time tracking

Through time tracking operations, the UE aligns its receiver’s local timing to that of the DL signals received from the serving cell. An important metric in time tracking is time resolution which is defined as the minimum time granularity the UE can estimate and adjust between the received DL signal and its local timing. The achievable time resolution depends on the implemented algorithm for time tracking and more importantly on the structure of the timing measurement signal. 
In particular, the bandwidth of the timing measurement signal is critical to the achievable time resolution because the time resolution is inversely proportional to the signal bandwidth. The larger the bandwidth of the timing measurement signal is, the higher the time resolution is. For example, comparing the PSS/SSS sent on the center 1.08 MHz bandwidth and the CRS sent over the whole DL transmission bandwidth, the achievable time resolution by CRS is roughly 18 times higher than that by PSS/SSS in case of 20 MHz DL transmission bandwidth, unless a sophisticated time tracking algorithm is implemented in the UE receiver. Early-late type correlators employed in CDMA modems can be an example algorithm to improve the achievable time resolution, but increase the complexity of OFDM receivers exploiting FFT based design and operations in general. 
Another important aspect is the density (number of resource elements) of the timing measurement signal. The timing offset estimation gets more accurate with increasing the number of resource elements in the timing measurement signal. In case of 20 MHz DL transmission bandwidth, the CRS from 2 antenna ports is much denser than the PSS/SSS because the CRS bandwidth is 18 times larger than that of PSS/SSS and, even more, the CRS is sent in multiple OFDM symbols and in multiple subframes which further increases the effective density of the CRS compared to the PSS/SSS one. However, in case of 1.4 MHz DL transmission bandwidth, the estimation by PSS/SSS can be more reliable than that by CRS in a hypothetical case that CRS is sent only in the 1st OFDM symbol and subframes 0 and 5 like PSS/SSS on an NCT.
Observation
· To achieve sufficient time resolution in time tracking, a wideband signal like CRS is preferred over a narrowband signal like PSS/SSS for time synchronization on the new carrier type.
2.3 Frequency tracking
Compared to the case of time tracking, the bandwidth of the measurement signal for frequency tracking is less important and thus a narrow band signal like the PSS/SSS can be well suited for estimating and aligning the frequency between the UE’s receiver and the received DL signal. However, similar to the bandwidth of the synchronization measurement signal being important for time tracking, the time density of the synchronization measurement signal impacts frequency tracking performance. 
According to the UE performance/RF specification TS 36.101 [2], the UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the eNB. For example, in case of 2.5 GHz carrier frequency, the frequency offset between the UE’s receiver and the received DL signal can be in the ±250 Hz range. The UE receiver has to perform frequency tracking continuously so that the residual frequency offset observed in each slot does not exceed ±250 Hz range and thus the SNR of received DL signal is not significantly degraded. For high speed UEs, the additional frequency offset due to the Doppler shift further exacerbates the SNR degradation. For example, for a UE speed of 100 km/h and carrier frequency of 2.5 GHz, the resulting Doppler frequency offset is in the range of ±232 Hz.
If the UE does not continuously keep track of the frequency offset and accordingly adjust its local oscillator frequency, the frequency tracking can go off the convergence range. Although rigorous evaluation may be necessary, estimating and correcting the frequency offset every 5 ms based on PSS/SSS does not seem sufficient enough considering the requirement discussed above and the Doppler effect.
Observation
· The measurement signal for frequency tracking on the new carrier type should be transmitted with enough time density to support reliable frequency tracking and robustness against possible Doppler shifts
· The 5ms transmission interval of PSS/SSS seems insufficient to provide reliable frequency tracking.
3 Synchronization measurement signal candidates
Potential measurement signals that can be used for synchronization on an NCT are the cyclic prefix, the CSI-RS, the PSS/SSS and the CRS. Below we discuss some aspects of using each of these signals as the measurement signal for DL time/frequency synchronization.
Cyclic prefix
In theory, the cyclic prefix in OFDM signals can be useful for time/frequency synchronization [3] by exploiting the correlation of the signal in the cyclic prefix and the corresponding useful symbol part. However, in cellular networks, the cyclic prefix is contaminated by signals from other cells which usually have different frequency/time offsets from the desired signal received from the serving cell. Even more, in subframes where a small number of PRBs are scheduled for DL signal transmission, the SNR in the cyclic prefix for the estimation will be very low. In addition, the time margin that can be used for synchronization in the cyclic prefix decreases with an increase in the multipath delay spread and thus would be barely usable in macro networks. Thus, using the cyclic prefix for time/frequency synchronization on an NCT is not deemed as a feasible and reliable approach.
CSI-RS
The CSI-RS has a resemblance to CRS in that it is transmitted over the entire DL transmission bandwidth. On the other hand, an important difference is that the minimum transmission interval of CSI-RS supportable in Rel-10 is 5 ms whereas the CRS is transmitted in every subframe. Furthermore, the CRI-RS density (number of CSI-RS REs) per subframe in time and frequency domain is very low compared to CRS. The sparseness in frequency can cause aliasing in the multipath delay profile estimation and thus make the time tracking inaccurate especially in highly frequency selective channels. The sparseness in time can degrade the frequency tracking performance. Thus, if the CSI RS is transmitted on an NCT and is also intended to be used as a synchronization measurement signal, increasing the density in the time and frequency domains compared to Rel-10 seems necessary.
PSS/SSS
As discussed in Section 2, the narrow bandwidth (1.08 MHz) and the long (5ms) transmission interval of PSS and SSS make the PSS/SSS less preferable than the CRS for use as a synchronization measurement signal on a NCT. Use of PSS and SSS for synchronization on an NCT would require more advanced implementations to achieve an acceptable level of synchronization performance and thus synchronization relying only on PSS and SSS is deemed undesirable.
CRS
In synchronization performance perspective, the CRS is seemingly the most preferable solution among the candidate signals for time/frequency synchronization on an NCT, due to the relatively high density in both time and frequency domain. However, if CRS is transmitted on an NCT as done on legacy carriers as per the Rel-8/9/10 specs, the resulting CRS overhead becomes high and can significantly offset the spectral efficiency benefits of adopting an NCT in Rel-11 systems. Above all, the required CRS density in time domain, more specifically the number of CRS OFDM symbols within a subframe and the number of subframes with CRS, for the purpose of time/frequency synchronization on an NCT seems to need evaluations for the decision. 
4 Conclusion
This contribution addressed downlink time and frequency synchronization issues on new carrier type. The signals such as PSS/SSS, CRS, CSI-RS and cyclic prefix have been considered as potential measurement signals for synchronization on the new carrier type. The discussions led to the following proposal and observations for time and frequency synchronization on the new carrier type:
Proposal

· For reliable time/frequency tracking on the new carrier type, predefined signals (such as one or more of CRS, PSS/SSS, CSI-RS, etc.) should also be transmitted on the new carrier type.
Observations
· To achieve sufficient time resolution in time tracking, a wideband signal like CRS is preferred over a narrowband signal like PSS/SSS for time synchronization on the new carrier type.
· The measurement signal for frequency tracking on the new carrier type should be transmitted with enough time density to support reliable frequency tracking and robustness against possible Doppler shifts
· The 5ms transmission interval of PSS/SSS seems insufficient to provide reliable frequency tracking.
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