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1 Introduction
In RAN4 #63, the LS on the RS for additional carrier types for carrier aggregation enhancement was received from RAN1 [1] and the corresponding RS port bandwidth was discussed from the perspective of both time and frequency tracking accuracy and RRM measurements. In RAN4 #64bis, there was substantial discussion on the impact of RS port bandwidth on the time and frequency tracking. In particular, some companies raised concern about the demodulation performance degradation in the case of small system bandwidth [2].  
In this paper we evaluate the demodulation performance for small system bandwidth and discuss the RS port bandwidth from the perspective of time and frequency tracking accuracy. 
2 Agreements in RAN1 #68bis
The excerpt from the RAN1 LS [1] is quoted below:

Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

· FFS how RSRP measurements would then be handled for the NCT 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25}RBs

· configurable between full system BW and min(system BW, X)

Agreement (for unsynchronised cases): Rel-8 PSS/SSS sequences are transmitted.

According to the above RAN1 agrement, in an unsynchronized additional carrier type, aka new carrier type (NCT), the RS port will be transmitted in a subframe every 5 ms. 
3 RS port bandwidth
In [3], we discussed the RS port bandwidth for time and frequency tracking accuracy. We provided the simulation results for the time and frequency tracking performance with respect to RS port bandwidth, which ranges from 6 RBs to 50 RBs (full system bandwidth). The simulation results show that the time and frequency tracking accuracy heavily depends on the RS port bandwidth.

Based on the simulation results, we propose to use the RS port of full system bandwidth for NCT.

· Proposal: The RS port needs to be transmitted over the full system bandwidth for time and frequency tracking accuracy.

4 Performance with small system bandwidth
In this section, we discuss demodulation performance with a small system bandwidth. Demodulation performance is measured in terms of throughput and block error rate. An EVA channel environment is assumed with a Doppler frequency of 5 Hz. A system bandwidth of 1.4 MHz or 6 PRBs is used. The configuration assumes that one CRS port is present and that all demodulation is performed using UE-specific RS ports, as is expected to be the case with transmissions on the NCT. Single layer transmission using a single antenna port is used to measure performance. 
Figure 1 presents the demodulation performance with full RB allocation (6 RBs) for QPSK with a coding rate of 1/3. The UE is assumed to be in an active state (continuous reception of subframes) so that the UE has the opportunity to perform time and frequency tracking with the help of RS received over many subframes. The results show that the RS port periodicity has little impact on demodulation the performance in this situation implying that the performance loss due to 5 ms periodicity is negligible. The shown results focus on QPSK since higher order modulations are more likely to be used at higher SNRs where time and frequency estimates are expected to be more reliable. In these situations, the difference due to the periodicity of the legacy carrier type (LCT) and NCT is not expected to be significant. 
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Figure 1. Demodulation performance in active state (continuous reception of subframes)
Figure 2 presents the demodulation performance in a scenario where the UE does not have the opportunity to average its time and frequency estimates over many subframes before performing demodulation. For example, this could be the case when the UE wakes up from a long DRX cycle and receives data immediately thereafter. In this situation, in the case of NCT, the UE may only get one or two subframes with RS ports for the tracking operations (before it must receive data), whereas, in the case of LCT, the UE may get 5 or 10 subframes with RS ports. In order to model this situation, we simulate demodulation performance with fixed residual errors remaining in each subframe after completion of tracking operations. In Figure 2, we consider residual frequency errors of 200 Hz and 100 Hz for the new and legacy carrier types respectively based on time and frequency estimation performance evaluations in [3]. Since frequency error estimation is more critical for demodulation performance, we focus here on this aspect.

The figures (curves labeled “LCT (100 Hz residual error)” and “NCT (200 Hz residual error)” in the figures) show that the difference in performance between the LCT and NCT is less than 1 dB and is a little more than half a dB for most of the SNR region. It should be noted that a constant residual error (that is measured at low SNRs in [3]) has been used here for all SNRs. In practice, residual errors are much smaller at higher SNRs thus rendering the performance shown here to be pessimistic for higher SNRs. The figures do not include the effect of HARQ, which is expected to narrow the differences further. In addition, in low SNR or longer DRX cycle situations, the performance can be further improved by using averaging over additional subframes. It should be noted that a UE typically has to wake up many subframes before reception of actual data even for a legacy carrier in order to carry out various functions to get the UE ready to receive data. Lastly, it is worth mentioning that the NCT with RS port periodicity is almost the same as TDD configuration 0. Therefore the UE implementation should guarantee acceptable demodulation performance with RS port periodicity.
The figures also show another set of curves (labeled “LCT with DM-RS compensation” and “NCT with DM-RS compensation”) which show performance under the same conditions as the previous two curves but with an additional feature where the UE-specific RS are used to perform correction of residual errors before demodulation. The figure shows performance with this approach for the case where all 6 RBs are used. The figure shows that the use of the UE-specific RS can eliminate any losses due to the reduction of periodicity. It should be noted that the use of UE-specific RS will be less helpful at lower SNRs when only 1 or 2 RBs are used.
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Figure 2. Demodulation performance in first subframe after a long DRX cycle
We further note that the NCT is being defined as an SCell in phase 1 of the work item. In phase 2, standalone operation may be defined if justified by studies in phase 1. When the NCT is used as an SCell, the UE is less likely to be subject to long DRX cycles and there should consequently be minimal performance loss due to lower periodicity of the RS. If the NCT is defined in the future to be in standalone mode, then the UE is more likely to be in a DRX state for a longer time on an NCT and the performance captured in Figure 2 become more pertinent. 
It should also be noted that waking up from a DRX cycle is typically not akin to a cold start. The key determinants of the frequency error seen when waking up from DRX state are the drift rate of the clock in the UE (when it was in sleep mode) and the length of the DRX cycle. When waking up from a DRX cycle, the UE may typically use stored estimates computed prior to entering sleep mode to reduce uncertainty depending on the length of the DRX cycle. Therefore, except for very long DRX cycles (e.g.,2.56s), the initial frequency error seen by the UE is likely to be lower than that assumed in the time/frequency synchronization evaluations in [3]. 
Based on the demodulation performance simulations provided in this section and the above discussion, we conclude that the RS port periodicity is sufficient for the case of small system bandwidth.

· Observation:Demodulation performance indicates that RS port periodicity is sufficient for the case of small system bandwidth.

5 Conclusions
In this paper we discussed the RS port bandwidth for time and frequency tracking accuracy and proposed to use the RS port of full system bandwidth for NCT. 
Proposal: The RS port needs to be transmitted over the full system bandwidth for time and frequency tracking accuracy.
In addition, we provided demodulation performance simulations and showed that the RS port periodicity is sufficient in the case of small system bandwidth.

· Observation: Demodulation performance indicates that RS port periodicity is sufficient for the case of small system bandwidth.
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