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1
Introduction
Investigations on New Carrier Type (unsynchronized case) have revealed the need for performance assessment on the time and frequency tracking performance since meeting RAN1 #67. In this contribution, we attempt to shed some light on the tracking performance achieved using different RS combinations, i.e. CRS-based schemes, and combinations of PSS/SSS and CSI-RS, as well different periodicities of the signals involved.
2
Simulation assumptions
The RS schemes we are dealing with in this contribution are given below:

a. Rel. 8 CRS, with periodicities T=1ms, 5ms, 10ms.

b. 6-PRB CRS, with periodicities T=1ms, 5ms, 10ms (CRS is occupying only the central 6 PRBs).

c. 1st-slot CRS, with periodicities T=1ms, 5ms, 10ms (CRS is located only in the 1st slot of a subframe), [3].

d. PSS/SSS + CSI-RS, with periodicity T=5ms, [2].

e. dual CSI-RS, with periodicity T=5ms (dual, meaning CSI-RS is used in both slots of a subframe), [2].

The number of REs occupied by each RS scheme combination, over the system BW and one radio frame (this is the tracking period in this report), is given in Figure 2.a. This number is the key in selecting the optimum RS scheme combination, since it captures also the resource usage of the RS scheme.
Regarding the size of the averaging window the key point is that the UE needs to be able to obtain synchronization sufficiently quickly after it wakes up from the DRX, or after a SCell is activated. Clearly, there are scenarios when UE could do the averaging for a fairly long time without any issues and hence obtain accurate sync with very few RS, but the specifications and the corresponding RAN4 requirements need to be defined assuming the worst case scenario. Bearing this in mind, it is a must that the UE can get synch based on just a few subframes. In this contribution we assume the averaging to be limited within a single radio frame, i.e. 10 ms.

[image: image1]
Figure 2.a. Number of occupied REs per RS scheme over full system bandwidth and one radio frame.

We use the abstract model setup as in Figure 2.b, and the simulation assumptions captured in [1], and clarified further in the Table 1 below.
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Figure 2.b. Model setup
Table 1. Simulation assumptions

	Parameter
	Value

	Signal bandwidth 
	10 MHz

	Carrier frequency 
	2 GHz

	Channel model 
	EVA, EPA

	UE speed
	100 km/h, 3km/h

	Reference period (T)
	Full-band CRS (CRS): 1 ms, 5ms, 10ms

1st-slot CRS (1st-slot CRS): 1 ms, 5ms, 10ms

6PRB CRS (6PRB-CRS): 1 ms, 5ms, 10ms
PSS/SSS: 5 ms
CSI-RS: 5 ms

	Error Model
	Concurrently introduce random frequency offset and random timing offset

	Random Timing Offset
	Uniformly distributed in [-1.175, 1.175] μs

	Random Frequency Offset
	Uniformly distributed in [-500, 500] Hz

	Time tracking algorithm
	Time-Domain Correlation and peak search over 1 subframe carrying the RS

	Frequency tracking algorithm
	Correlation and Phase Comparison

	Tracking period
	Average over 1 radio frame (1 rf), i.e. every 10ms

	SNR
	-8 dB

	Number of Antennas
	1Tx, 2Rx

	System Load
	Fully loaded


3
Simulation Results
This section comprises the simulation results of various reference sequences schemes tracking performance. 

3.1
Rel. 8 CRS based Tracking Performance
The time/frequency tracking performance of Rel. 8 CRS is given below, for both EVA and EPA channels. 
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Figure 3.1.a. Tracking Performance of Rel. 8 CRS in EVA 100km/h.
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Figure 3.1.b. Tracking Performance of Rel. 8 CRS in EPA 3km/h.

It is evident from the above simulation results, that the full CRS performs really well under all periodicities T=1ms, 5ms and 10ms, in both time and frequency tracking as well in EVA and EPA channels. 

3.2
6-PRB CRS based Tracking Performance

In this section we have the time/frequency tracking performance of the reduced in frequency CRS, occupying only the central 6PRBs in a 10MHz system bandwidth, again for both EVA and EPA channels. 
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Figure 3.2.a. Tracking Performance of 10MHz 6-PRB CRS in EVA 100km/h.
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Figure 3.2.b. Tracking Performance of 10MHz 6-PRB CRS in EPA 3km/h.

6-PRB CRS with T=1ms can be considered as a reference case when comparing the achievable tracking performance of different RS arrangements as that is already supported in LTE Release 8 and is known to be sufficient. When moving to larger CRS periodicity (T = 5ms or 10 ms) a significant degradation is observed especially in the frequency tracking performance. Therefore it is questionable whether the combination of 6-PRB CRS with reduced CRS transmissions in time provides a good enough reference. 
3.3
1st-slot CRS based Tracking Performance

Another RS scheme is the 1st-slot CRS i.e. CRS utilizing only the first slots’ RS symbols, as opposed to the CRS occupying both slots within a subframe. Simulation results are shown below.
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Figure 3.3.a. Tracking Performance of 1st-slot CRS in EVA 100km/h.
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Figure 3.3.b. Tracking Performance of 1st-slot CRS in EPA 3km/h.

The performance of the 1st-slot CRS seems quite similar to the full CRS in the time tracking part. 
In frequency tracking the lack of many phase comparisons per subframe (since in the 1st-slot CRS there are only 2 symbols (the first ones) carrying CRS in a subframe) has as result the frequency tracking performance degradation compared to the Rel. 8 CRS.
3.4
SS / CSI-RS based Tracking Performance

Here we present results on the time/frequency tracking performance of the synchronization signals and CSI-RS combination (“SS+CSIRS”), and the dual CSI-RS combination [2] for both EVA and EPA channels. 
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Figure 3.4.a. Tracking Performance of SS+CSIRS and dual CSIRS in EVA 100km/h.
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Figure 3.4.b. Tracking Performance of SS+CSIRS and dual CSIRS in EPA 3km/h.

The performance of the dual CSI-RS seems quite similar to that of the 1st-slot CRS with T=5ms, while both schemes occupy the same number of REs (400), see Table 1.
3
Discussion
As a starting point for the considerations on what kind of tracking performance can be seen as sufficient, prior LTE releases need to be taken into account. Given the fact that LTE Rel-8-10 1.4 MHz systems are known to work well enough from tracking performance point of view, it is natural to assume 6 PRB CRS as a reference case. Furthermore, in order to keep the tracking performance comparable to LTE Rel 8-10, significant degradation compared to that cannot be allowed.
Regarding the studied schemes, the combination of CSI-RS and PSS/SSS (depicted in Figure 3.4a and 3.4b) fail to provide decent time and frequency tracking performance. With 1st slot CRS (Figure 3.3a and 3.3b) the performance is somewhat ok, when the system BW is 10 MHz. However, as the Figure 2a shows, the CRS overhead remains on a high level, diminishing the potential benefits of NCT. Furthermore, with system BW less that 10 MHz, the tracking performance will obviously degrade further, making this option very impractical for many deployments. 
With dual-CSI-RS (Figure 3.4a and 3.4b), the achievable accuracy is clearly worse than what can be achieved based on 6PRB CRS with T=1 ms. Furthermore, similarly as with 1st-slot CRS, the performance will deteriorate further with more narrow system bandwidths. Considering also that since dual CSI-RS is essentially a new RS structure, and the standardization as well as implementation effort is expected to be significant, it seems there is no strong motivation to consider removing the CRS entirely and defining a new signal to do essentially the same..   

As said, based on Rel-8-10 experiences it seems safe to assume that LTE system can be operated reliably with reduced CRS bandwidth. Considering the reduction of CRS transmissions in time and the required CRS bandwidth, with 1 ms CRS periodicity, 6 PRBs CRS BW should clearly be enough. On the other hand, especially the frequency tracking performance degrades significantly, when CRS periodicity is increased to 5 or 10 ms while keeping the same bandwidth (Figure 3.2a and 3.2b). Therefore it seems that more attention needs to be paid on CRS reduction in time. 

Looking at the time / frequency tracking performance results for the case where the CRS occupy the whole 10 MHz band (Figure 3.1a and 3.1b), it can be observed that the performance remains on a good level even though the CRS periodicity is increased up to 10 ms. Hence it can be concluded that when the CRS periodicity is increased (i.e. CRS are transmitted more seldom), the CRS bandwidth needs to be increased as well to maintain the tracking performance on a good enough level. Based on these findings our recommended Way Forward is:

· New carrier type should support reduced CRS transmission in frequency domain. 
· It should at least be possible to configure new carrier types so that CRS are transmitted only on the central X PRBs. 
· The value of X is configurable, however at least 6 PRB CRS bandwidth should be guaranteed.
· The supported values for X should be selected to be a subset of the system bandwidths supported in LTE Rel-8
· New carrier type should support configurable and reduced CRS transmission in time domain
As discussed above, clearly not all the combinations of reduced CRS periodicity and bandwidth are able to provide sufficient basis for time and frequency tracking. Therefore, there is a need to limit the possible combinations to the ones that can be safely assumed to provide a good enough performance, which is clearly an area of RAN4 expertise. Consequently, the decision on the supported CRS BW and periodicity combinations cannot be done in RAN1 alone but should at least involve RAN4. From RAN1 point of view, it should be enough just to parameterize CRS bandwidth and periodicity.
4
Conclusion
We presented a fair number of combinations of RS schemes and corresponding simulation results which we hope will help understanding better the tracking issues on the NCT. 
Based on the performance analysis, and also keeping the issues related to required implementation and standardization effort in mind, we see no reason to remove CRS completely from the NCT. Instead, we propose to make the CRS density configurable in both time and frequency:

· New carrier type should support reduced CRS transmission in frequency domain. 
· It should at least be possible to configure new carrier types so that CRS are transmitted only on the central X PRBs. 
· The value of X is configurable, however at least 6 PRB CRS bandwidth should be guaranteed.
· The supported values for X should be selected to be a subset of the system bandwidths supported in LTE Rel-8
· New carrier type should support configurable and reduced CRS transmission in time domain
Finally, we conclude that when the CRS periodicity is increased (i.e. CRS are transmitted in fewer subframes), the CRS bandwidth reduction needs to be limited in order to maintain the tracking performance on a good enough level. However, the decision on the supported CRS bandwidth and periodicity combinations does not necessarily need to be done in RAN1 – instead RAN4 may be in a better position to decide this. 
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