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1 Introduction

In Rel-11 New Carrier Type (NCT) section of previous RAN1 meetings, the time and frequency tracking reference signals designed for unsynchronized NCT were widely discussed. The main options include using CRS signal with some form of reduction in frequency and/or time domain, especially an extended CRS periodicity in time domain, e.g. 5ms. The agreements achieved for the CRS on NCT in RAN1#68bis meeting are [1]:

Agreement (at least for the unsynchronized case):

· 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

In RAN#57 [2] and RAN#58 [3] meetings, the WID for NCT in Rel-12 was approved, where further work will be carried out based on the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item. In this contribution, we further consider the remaining issues for reduced CRS on unsynchronized NCT, e.g. the subframe configuration and bandwidth configuration, and propose a frequency hopping scheme and a subset-CRS based scheme to improve time-frequency tracking performance and/or overhead reduction.
2 Discussion
2.1 The subframe configuration for reduced CRS

Based on the above agreements [1], new carrier type, at least for unsynchronized NCT, 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. Hence, on which subframes the reduced CRS will be transmitted in a radio frame needs to be determined.
Observation 1: When reduced CRS in time domain is transmitted in 5ms periodicity, it should determine the CRS subframe configuration. 
In [4], two options for the reduced CRS subframe configuration were proposed as follows:

· Option 1: fixed subframe configuration for reduced CRS

The reduced CRS will be transmitted in fixed subframe indices, e.g. subframes 0&5, 1&6, 2&7, 3&8 or 4&9. This option involves small modifications on current specifications, requires no new signalling with easy implementation, and causes no misunderstanding between eNB and UE. However, it may suffer interferences from neighbour cells due to CRS collision, which results in potential performance degradation and DL throughput loss.

· Option 2: configurable subframe index for reduced CRS

Similar to the subframe configuration of 5ms periodicity for CSI-RS, the reduced CRS will be transmitted on the subframes configured by RRC signalling independently for different cells. Such configurable subframe index scheme is more flexible, reduces the interference from neighbour cells by mitigating CRS collision, and increases downlink throughput. This option requires new signalling and parameter design, thus has specification impacts in RAN1/2. However, in this case, the standardization efforts are expected to be insignificant.
Considering the flexibility of the CRS subframe configuration and benefits from the interference mitigation perspective, we prefer Option 2.
Proposal 1: Configurable subframe configuration is preferred for the reduced CRS transmission on unsynchronized new carriers, and consequently new signalling and parameters in RAN1/2 specifications need to be designed.
2.2 The bandwidth configuration for reduced CRS

In RAN1#68bis meeting [1], schemes exploiting reduced CRS in frequency domain were discussed, but still no conclusion for the bandwidth of reduced CRS was achieved. There are three alternatives:

· Alt1: full system BW
· Alt2: min(system BW, X) where X is selected from {6, 25}RBs

· Ask RAN4 for guidance on which BW 

· Alt3: configurable between full system BW and min(system BW, X)

In [5], we provide the time-frequency tracking performance under EPA and EVA channels with different bandwidth configurations. The simulation assumptions are listed in Appendix A. From the simulation results in Appendix B, no matter the UE speed is low or high, the time-frequency tracking accuracy estimated by the reduced CRS with half bandwidth configuration is almost the same as the reduced CRS with full bandwidth configuration, but overhead is reduced in half. Hence, we propose that:
Proposal 2: The reduced-CRS based scheme with half bandwidth configuration for time and frequency tracking on unsynchronized NCT can be considered.
2.3 Frequency hopping of reduced CRS

In LTE, inter-subframe frequency hopping is exploited for uplink to provide frequency diversity gain to improve time-frequency tracking performance. In [6], it was pointed out that if frequency hopping is introduced for frequency tracking on unsynchronized NCT, the bandwidth of reduced CRS should be less than full bandwidth, such as central X PRBs, where the value of X is configurable. Furthermore, X=6 (6 PRBs CRS with 5ms periodicity) should be guaranteed as baseline. Random and circular frequency hopping are two types of inter-subframe frequency hopping schemes, as exemplified in Fig. 1/2, where the bandwidth of reduced CRS is 6 PRBs and system bandwidth is 50 PRBs.
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	Fig. 1: Random frequency hopping
	Fig. 2: Circular frequency hopping (in descent order)


The simulation assumptions are listed in Appendix A. Simulation results in Appendix C show that reduced CRS with random frequency hopping can provide better performance for time and frequency tracking, especially in high velocity scenario in comparison to the scenario dispensing with frequency hopping. In [6], circular frequency hopping is also considered, which uniformly distributes the interference in full bandwidth, and consequently decreases the inter-cell interference on neighbour cells, especially in HetNet scenario. In addition, the predefined hopping pattern helps to reduce control signalling overhead.
Observation 2: The reduced CRS with frequency hopping provides time and frequency tracking performance gain, especially in high velocity and HetNet scenarios.
Proposal 3: The reduced CRS with frequency hopping can be considered for Rel-12 NCT.
2.4 A subset-CRS based tracking scheme

In [7], the relationship between RS pattern, RS overhead and tracking performance is discussed, based on which we arrived at the following two observations:
Observation 2: The time tracking range of CRS is twice wider than that of CSI-RS, while the frequency tracking range of CSI-RS is seven times wider than that of CRS.

Observation 3:  Tracking range is determined by RS time and frequency spacing, while tracking accuracy is determined by RS density.

Therefore, the relation between RS characteristics and tracking performance can be summarized as follows:
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Fig. 3: The relation between RS characteristics and tracking performance
Then, in order to reduce overhead and maintain the tracking range, we proposed a subset-CRS based scheme for time-frequency tracking on unsynchronized NCT, as shown in Fig. 4.
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Fig. 4: Subset-CRS based tracking RS (based on port 0 CRS with normal CP)

From the derivations in [7], scheme (a) and (b) in Fig. 4 are equivalent in terms of tracking range. It is observed that:
Observation 4: The subset-CRS based tracking RS scheme maintains the same time and frequency tracking range as current CRS but with a halved overhead.

The simulation assumptions are listed in Appendix A, simulation results for the subset-CRS based scheme for time-frequency tracking on unsynchronized NCT are provided in Appendix D, where we show that:
Observation 5: Both time and frequency tracking performance are sensitive to CRS period configuration.
Observation 6: Given the same period and bandwidth, compared to full CRS, the subset CRS has tolerable performance degradation with the benefit of half overhead.

Therefore, for time-frequency tracking on unsynchronized NCT, the subset-CRS based scheme is a good tradeoff between tracking performance and overhead.
Proposal 4: The subset-CRS based scheme for reduced CRS could be considered for time-frequency tracking on unsynchronized NCT.
3 Conclusion

In this contribution, we have discussed the subframe configuration and bandwidth configuration issues for reduced CRS on unsynchronized NCT. Further, we have proposed frequency hopping option and a subset-CRS based scheme to improve time-frequency tracking performance and/or overhead reduction. The following are our observations and suggestions:

· The subframe configuration for reduced CRS 

Observation 1: When reduced CRS in time domain is transmitted in 5ms periodicity, it should determine the CRS subframe configuration.

Proposal 1: Configurable subframe configuration is preferred for the reduced CRS transmission on unsynchronized new carriers, and consequently new signalling and parameters in RAN1/2 specifications need to be designed.

· The bandwidth configuration for reduced CRS 
Proposal 2: The reduced-CRS based scheme with half bandwidth configuration for time and frequency tracking on unsynchronized NCT can be considered.
· Frequency hopping of reduced CRS 

Observation 2: The reduced CRS with frequency hopping provides time and frequency tracking performance gain, especially in high velocity and HetNet scenarios.
Proposal 3: The reduced CRS with frequency hopping can be considered for Rel-12 NCT.

· A subset-CRS based tracking scheme 
Observation 2: The time tracking range of CRS is twice wider than that of CSI-RS, while the frequency tracking range of CSI-RS is seven times wider than that of CRS.

Observation 3:  Tracking range is determined by RS time and frequency spacing, while tracking accuracy is determined by RS density.

Observation 4: The subset-CRS based tracking RS scheme maintains the same time and frequency tracking range as current CRS but with a halved overhead.

Observation 5: Both time and frequency tracking performance are sensitive to CRS period configuration.
Observation 6: Given the same period and bandwidth, compared to full CRS, the subset CRS has tolerable performance degradation with the benefit of half overhead.
Proposal 4: The subset-CRS based scheme for reduced CRS could be considered for time-frequency tracking on unsynchronized NCT.
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5 Appendix A

The simulation assumptions are given in Table A.
Table A: Simulation assumptions

	Parameter
	Value

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/hr, and EPA 3 km/hr

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

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

	Total number of subframes measured (including the subframes where no CRS is transmitted)
	Averaging period 10 subframes

Measurement period 10000 subframes

	Reduced bandwidth for CRS 
	6 PRBs, 50PRBs

	Periodicity for CRS (if used)
	1 and 5 ms 

	Number of antenna ports for CRS
	1

	CRS Pattern
	Full CRS , subset CRS 

	SNR
	{-8} dB


6 Appendix B

The simulation results for the bandwidth configuration of reduced CRS are given in Fig. B1-B4.
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	Fig. B1: Timing accuracy in EPA channel
	Fig. B2: Frequency accuracy in EPA channel


Fig. B1 and B2 show the timing and frequency accuracy performance measured in the EPA channel, respectively. As seen in the figures, the tracking performance of 6RB configuration is worse than that of half bandwidth 25RB and full bandwidth 50RB configurations, while the tracking performances of 25RB and 50RB are almost the same. Thus, reducing the bandwidth of reduced CRS from full bandwidth 50RB to half bandwidth 25RB does not lead to severe performance loss and the overhead can be largely reduced.
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	Fig. B3: Timing accuracy in EVA channel
	Fig. B4: Frequency accuracy in EVA channel


Fig. B3 and B4 illustrate timing and frequency accuracy performance measured in the EVA channel, respectively. With increased speed, the reduced CRS with half bandwidth configuration can still have acceptable tracking performance with decreased overhead.
7 Appendix C

The time-frequency tracking performances for non-hopping and random frequency hopping of reduced CRS are compared under EPA and EVA channels with simulation assumptions listed in Appendix A, as plotted in Fig. C1-C4. As observed in the figures, the employment of frequency hopping can greatly improve the achievable time/frequency tracking performance in both low and high UE speeds.
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	Fig. C1: Time tracking performance (EPA, 3km/h)
	Fig. C2: Freq. tracking performance (EPA, 3km/h)
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	Fig. C3: Time tracking performance (EVA, 100km/h)
	Fig. C4: Freq. tracking performance (EVA, 100km/h)


8 Appendix D

In Fig. D1-D4, the time-frequency tracking performances for the full CRS and subset-CRS based schemes are compared under EPA and EVA channels with simulation assumptions listed in Appendix A. From the results, it can be noticed that the subset-CRS based option does not have large impact on the frequency tracking performance as compared to the full CRS option. On the other hand, for time tracking performance, the degradation from full CRS to subset-CRS is larger than that in frequency tracking, though still appears to be acceptable.
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	Fig. D1: Time tracking performance (EPA, 3km/h)
	Fig. D2: Freq. tracking performance (EPA, 3km/h)
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	Fig. D3: Time tracking performance (EVA, 100km/h)
	Fig. D4: Freq. tracking performance (EVA, 100km/h)
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