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1 Introduction

In the RAN4 meeting #63, RAN1 sent an LS to RAN4 asking for guidance on the bandwidth of the a reduced CRS port for unsynchronized carriers of the new carrier type (NCT) from the aspects of time and frequency tracking accuracy and RRM measurements [1]. However, there was no agreement during the meeting. In the following RAN plenary meeting #56, it was agreed to postpone NCT to Rel-12 [2]. Thus in the RAN4 #63 UE-performance ad hoc meeting and the RAN4 meeting #64, there was no discussion for this topic.
In the RAN Plenary #57 meeting, the new WID on NCT was approved for Rel-12 [3]. The main motivations of this WID are to minimize the legacy control signalling and CRS to reduce the interference and overhead level at low-to-medium loads and to save network energy. In the first stage, the work focuses on NCT being aggregated with a legacy LTE carrier and the work will proceed from the start point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item.
Furthermore, RAN1 has agreed that the reduced CRS port will not be used for demodulation. Hence, its primary application is to serve as a reference for synchronization and RRM measurements. It is therefore clear that the investigations on the bandwidth in RAN4 should aim towards finding the minimum bandwidth for which synchronization and RRM performance can be accurate enough. 
Before RAN1 starts the work, it would be beneficial for RAN4 to resume the discussion on the bandwidth of the RS and send the response LS to RAN1. In this contribution, we will further analyze the related issues from the time-and-frequency tracking point of view based the discussion in the RAN4 meeting #63 and we will discuss RRM issue in the accompanying paper [4].
2 Background for NCT in RAN4
According to the RAN1 LS [1], the agreement in Rel-11 was at least for the case of a carrier of the new type being “unsynchronised” with the associated backward-compatible carrier: new carrier type can carry 1 RS port with 1subframe with 5ms periodicity and this RS is not used for demodulation. The RRM measurements and bandwidth of the RS port were left open.
There are three options in the RAN1 LS [1] on RS port bandwidth. In the RAN4 meeting #63, the online way forward was bring in more analysis on RRM and demodulation performance; identify solutions to address R10 and R11 RRM requirements with limited CRS bandwidth. In particular, two issues were raised:
· Reference symbol design should be done in a robust matter (DRX, gap, etc.);

· Performance for small system bandwidth of NCT (If 6 RB performance is bad, how to ensure system bandwidth of 1.4 MHz?)

In the next section, we will provide the link level simulation results considering the above two issues. First, we will evaluate the case where the UE can perform the synchronization assuming averaging over multiple subframes, which is a typical non-DRX case. Then, we will consider the case where the UE cannot assume averaging but has to perform synchronization from a single subframe, which corresponds to a DRX case or for high mobility. Finally, we consider the case with small system bandwidth. 
3 Simulation results
3.1 Evaluation cases and simulation assumptions
The evaluation cases are given Table 1, for the Reduced CRS (RCRS) and the other detailed simulation assumptions are given in TS36.101 and Table 2 in Appendix.

Table 1: Evaluation cases for time and frequency tracking

	No.
	Description
	Bandwidth
	Reference channel
	Propagation
	RCRS BW  (PRB)

	1
	Single layer TM9 FDD
	10MHz
	1/3 QPSK
	EVA5 2x2 low
	6,15,25,50

	2
	Single layer TM9 TDD
	10MHz
	1/3 QPSK
	EVA5 2x2 low
	6,15,25,50

	3
	Single layer TM9 FDD
	10MHz
	1/3 QPSK
	ETU300 2x2 low
	6,15,25,50

	4
	Single layer TM9 FDD with 1ms and 5ms  RS subframe periodicities
	1.4MHz
	1/3 QPSK
	EVA5 2x2 low
	Full bandwidth


3.2 Simulation results based on multiple subframe averaging
The CDF curves for frequency and time tracking errors are given in Figure 1 for the worse case, i.e., low SNR value under EVA 100km/h, which directly shows the tracking accuracy.

And the simulation results for demodulation performance for No.1 cases are given in Figure 2. In all cases, the RCRS is assumed to have a 5 ms period.
By using long term averaging, the estimates of the frequency and timing offset can be based on averaging across multiple subframes with RS. From the simulation results in Figure 1 and 2, we can observe that by using averaging, even 6 PRB RCRS bandwidth can provide good frequency and time tracking and similar throughput. 
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Figure 1: Tracking error for different bandwidths of the RS port at -8dB SNR for the EVA channel at 100km/h, where Case 1: 1.4 MHz, 6 RB RCRS, Case 2: 10 MHz, 6 RB RCRS, Case 3: 10 MHz, 15 RB RCRS, Case 4: 10 MHz, 25 RB RCRS, Case 5: 10 MHz, 50 RB RCRS
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(a) Simulation results of No.1 evaluation case by using loop filter
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(b) Simulation results of No.2 evaluation case by using loop filter

Figure 2: Link level simulation results by using loop filter
3.3 Simulation results based on a single subframe 
In this section, we will evaluate the performance for DRX and high speed scenarios. In all cases, the RCRS is assumed to have a 5 ms period.During DRX, there will be few subframes with RCRS for the frequency and time tracking. The worst case is that UE can only do the tracking based on the single subframe. 
Figure 3 provides the simulation results with single subframe based tracking for the evaluation of case No.1 in Table 1. It can be observed that with 6 PRB RCRS bandwidth the performance loss at 70% relative throughput is 1.1 dB compared to the perfect tracking. It can also be observed that with 15 PRB RCRS bandwidth, the performance loss at low SNRs is significant. When the RCRS bandwidth is equal to or larger than 25 PRBs, the performance loss is marginal compared to perfect tracking in the whole range of operating SNRs
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Figure 3: Link level simualtion results by using the single subframe tracking, where ideal means the perfect tracking, 6PRB, 15PRB, 25PRB and 50PRB represent the corresponding RCRS bandwidths.
Figure 4 provides the simulation results for high speed case where only a single subframe is used for tracking, i.e., no averaging across subframes. The evaluation case No.3 in Table 1 is used. From the simulation results, we have the observation similar to the above case. That is, when the RCRS bandwidth is equal to or larger than 25 PRBs, the performance loss is marginal compared to perfect tracking in the whole range of operating SNRs. When the RCRS bandwidth is less than 25 PRBs, the performance is not robust.
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Figure 4: Link level simualtion results by using the single subframe tracking for the high speed scenario, where ideal means the perfect tracking, 6PRB, 15PRB, 25PRB and 50PRB represent the corresponding RCRS bandwidths.
Therefore, for frequency and time tracking based on a single RS subframe every 5 ms, we have the following observation:
· Observation 1: When the RCRS bandwidth is equal to or larger than 25 PRB, the performance is sufficient even when using only a single subframe every 5 ms, while the performance is not sufficient when the RCRS bandwidth is less than 25 PRB.
3.4 Simulation results for small system bandwidth
Assuming that the system bandwidth is 1.4 MHz, we compare the performance with 1 ms (i.e., normal CRS without time reduction) and 5 ms RCRS periodicity in Figure 5.
During the simulation, estimates of the frequency and time offsets are averaged over the RCRS subframes within 5 ms. When the periodicity is 5 ms, it is equal to the single subframe based tracking. When the periodicity is 1 ms, it means that the UE averages 5 adjacent subframes to obtain one estimate.
From the simulation results, we can observe that given the 5 ms averaging period, the 5 ms RCRS periodicity results in significant performance degradation for 1.4 MHz bandwidth in the whole range of operating SNRs. Thus, there could be significant issues in deploying the NCT for small system bandwidths and the performance could potentially be even worse than legacy carriers. 
Therefore we have the observation that:

· Observation 2: The 5 ms RCRS periodicity is not sufficient for narrow system bandwidths.
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Figure 5: Simulation results for 1.4MHz bandwidth
4 Discussion
Regarding the first issue raised in Section 2, i.e., the reference symbol design should be done in a robust matter (DRX, gap, etc.), we conclude that it is the limiting case is where subframe averaging cannot be assumed. In this case, 25 PRB bandwidth can provide good tracking performance when the system bandwidth is equal to or larger than 5 MHz. However, when the RCRS bandwidth is less than 25 PRBs, the performance is not robust across all the SNRs due to few available RCRS subframes. The analysis corresponds to the DRX scenario.
For gap, the RRM measurement during the gap would not be very sensitive to frequency and time tracking since they are mainly for energy estimation. Furthermore, if the two RS symbols were lost in the front of the gaps, there would be two more RS symbols in the rear of the gaps. Both RS symbols could be used for RRM measurement. 

Regarding the second issue, i.e., performance for small system bandwidth of NCT (If 6RB performance is bad, how to ensure system bandwidth of 1.4 MHz?), we confirm that there is a problem of 5 ms RCRS periodicity for narrow bandwidth, e.g., 1.4 MHz. From our simulation results and observations, a 5 ms period may be problematic with single subframe based tracking. So we think that 5 ms periodicity would not necessarily be bandwidth agnostic and receiver-algorithm agnostic. 

Although long term averaging can improve the robustness of the frequency and time tracking, mandating long-term averaging would restrict the implementation. Long-term averaging may not even be possible in some cases, for example in DRX and high speed scenario.
Therefore for the LS response, we have he following conclusion:

· Proposal:  

1)
For system bandwidths equal to or larger than 5 MHz, a RCRS bandwidth of min(system BW, 25 PRB) is sufficient from both synchronization and RRM point of view. 

2)
For system bandwidths smaller than 5 MHz, the 5 ms periodicity will not be sufficient, assuming synchronization is limited to a single subframe and RAN1 may need to re-think the solution.
5 Conclusions
In this contribution, we further investigate the issue on the bandwidth of RS for NCT. From the simulation results, we have the follow observations:
· Observation 1: When the RCRS bandwidth is equal to or larger than 25 PRB, the performance is sufficient even when using only a single subframe every 5 ms, while the performance is not sufficient when the RCRS bandwidth is less than 25 PRB.
· Observation 2: The 5 ms RCRS periodicity is not sufficient for narrow system bandwidths.

Based on these observations, we propose that
· Proposal:  

· 1)
For system bandwidths equal to or larger than 5 MHz, a RCRS bandwidth of min(system BW, 25PRB) is sufficient from both synchronization and RRM point of view. 

2)
For system bandwidths smaller than 5 MHz, the 5 ms periodicity will not be sufficient, assuming synchronization is limited to a single subframe and RAN1 may need to re-think the solution.
The corresponding draft LS is in [6].
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7 Appendix

The following table provides the details link level simulation assumptions.
Table 2: Detailed simulation parameters
	Parameter
	Value

	Channel bandwidth
	10 MHz 

	Carrier frequency
	2 GHz

	Initial frequency uncertainty
	Uniformly distributed in [- 500, +500] Hz

	Initial time uncertainty window
	Uniformly distributed in [-1.175, 1.175] μs

	Time/frequency estimation algorithm
	Time tracking:

Time-domain detection of first arrival path

Feedback loop with exponential filter

Frequency tracking:

Frequency-domain correlation based estimation

Feedback loop with exponential filter

	Total number of subframes measured (including the subframes where no RCRS/CSI-RS is transmitted)
	Averaging period 10 subframes

Measurement period 10000 subframes

	Periodicity for RCRS (if used)
	5 ms 

	Number of antenna ports for RCRS
	1

	PSS/SSS
	Transmitted as in Rel-8/9/10


