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1 Introduction

In RAN4 #66bis meeting, RAN4 send an LS to Ran1 in responding to the Reduced CRS (RCRS) design for NCT:
· Observations 

· For system bandwidth up to 25 RBs, 

· full CRS bandwidth is required for time-frequency tracking performance with 5ms periodicity

· For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity

· For system bandwidth larger than 25 RBs, 

· full CRS bandwidth is beneficial to improve time-frequency tracking performance and RRM measurement accuracy

· CRS bandwidth with 25 RB can satisfy the minimum RRM measurement requirement

· Conclusions:

· Full system bandwidth for the RS-port 0 improves time tracking, frequency tracking performances, and RRM measurements accuracy

· There is no consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient 

Based on the response LS, we further discuss the RRM measurement and undecided part of RCRS, and give our recommendation.
2 Discussion
2.1 RRM measurement for NCT
In current RRM measurement can provide the DL signal strength and SINR for the UE. It can be used for multiple purposes. These important purposes are for handover in RRC_CONNECT state and for cell selection in RRC_IDLE state. For standalone NCT, measurement has to meet same purpose and requirement, since it must take care of mobility management. 
However, for non-standalone NCT, the mobility management will be based on BCT. Further, in case the synchronized NCT is configured and RCRS is not transmitted, the QCL operation is better to be based on the CRS transmitted in BCT. This is to utilized the synchronized CRS available in ever subframe. In general, synchronized NCT should be non-standalone. It will be more reliable for CRS in BCT than in RCRS in NCT, since in general the synchronized NCT have similar timing and frequency shift as the reference BCT. In narrow bandwidth, agreed RCRS may not meet the requirement of full RRM measurement as that for CRS. This gives more need for configure those narrow bandwidth as synchronized NCT as possible. 
So, for unsynchronized NCT, RRM measurement can be derived by measuring the RCRS on the NCT. Standalone NCT needs to be configured as unsynchronized NCT.
The new RRM measurement should at least be discussed for the synchronization NCT in RAN1. Therefore, for synchronized NCT, RSRP and/or RSRQ can be based on reference BCT configured for the UE by the base station.
2.2 Bandwidth of RCRS
The RCRS is introduced to save overhead and further enhance the interference coordination between cells. As the sufficient RRM performance can be reached, the sub-band RCRS should be supported. The reduced CRS in frequency will further enhance frequency domain interference coordination in NCT. Considering the NCT will support small cell, in which the channel condition is relative stable and with low UE velocity, the timing/frequency impact by can be sufficiently supported by 25 RB RCRS.
For system bandwidth over 25 RBs, it is proposed to introduce 25 RBs as minimum bandwidth of sub-band RCRS for NCT. 

2.3 Other issues for RCRS
Subframe for RCRS 
It is agreed to transmit RCRS every 5 ms. However, the exact subframe for RCRS transmission is to be decided. One solution could be setting fixed subframes for RCRS transmission, e.g. #0&#5 or other subframes spaced in 5 ms. Since RCRS is will not be used for demodulation, those neighboring NCT cells will be have constant interference between RCRSs. Thus, the performance will be degraded. 
Another possible solution is to introduce subframe offset parameter (CRSsubframeoffset). CRSsubframeoffset, configured by higher layers, describes the first subframe position carrying Reduced CRS. By CRSsubframeoffset and 5ms periodicity, series of subframe locations within a radio frame could be defined. CRSsubframeoffset ranges from {0, 1, 2, 3, 4} in FDD. When CRSsubframeoffset are configured to 0, Reduced CRS are mapped to subframe #0 and # 5 in a radio frame, and so on. For two adjacent cells, two different Reduced CRS subframe is taken and interference from Reduced CRS can be avoided.
It can be observed that the subframe offset can provide extra system level gain for NCT, scenario2 [2]. We propose that NCT RCRS should support subframe offset. 
RCRS frequency shift
Although 1 port RCRS is used, it is not decided if the CRS frequency shift will be used or not. For coordination between NCT cells, RCRS subframe offset will be sufficient. RCRS without frequency shift can make the CRS rate-matching more simpler and same rate-matching configurations for TM10. However, for coordination between NCT and BCT, frequency shift should be kept. For case when more than 5 cells need to be coordinated, frequency shift + subframe offset can be used. Considering NCT should take care of both sparse and dense scenarios, NCT should be able to switch off the frequency shift. The mapping between cell IDs, RCRS sequence and frequency shift (when enabled) can take same mechanism as CRS.

It is suggested for RAN1 to agree reusing of same frequency shift for RCRS as that for CRS and the frequency shift can be enabled / disabled.
RCRS performance for 6RB system bandwidth
It been observed in RAN4 that the system bandwidth of 6 RBs may not meet a robust time-frequency tracking performance, even with full CRS bandwidth and 5 ms periodicity. For narrow bandwidth and unsynchronized NCT, some enhanced signal is needed.
One solution is assigning 2 more subframes. Candidates could be #0, #4, #5 and #9 or #0, #1, #5 and #6, for FDD. For TDD, it can only choose the later one.

Simulation results are shown in Figure 1 and Figure 2 for low speed and high speed UE tracking performance. The simulation assumptions are listed in Appendix. 
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Figure 1. Tracking performance (ETU, UE velocity=3km/h, SNR=-8dB, SYS-BW=1.4MHz )

[image: image2.emf]-1500 -1000 -500 0 500 1000

0

10

20

30

40

50

60

70

80

90

100

C.D.F.[%]

Frequency Error[Hz]

ETU Channel SNR= -8db 

 

 

CRS 1ms

CRS 5ms

CRS subframe #0#1#5#6

CRS subframe #0#4#5#9


Figure 2. Tracking performance (ETU, UE velocity=120km/h, SNR=-8dB, SYS-BW=1.4MHz)
It is noted that the above RCRS allocations also benefit to improving RRM measurement accuracy performance for narrow bandwidth in NCT.
It is suggest for RAN1 to enhance the RCRS for narrow bandwidth, at least for unsynchronized NCT. 
3 Conclusion
In this contribution, we analyze RRM measurement and remaining issues of RCRS based on current results. Solutions are given for RAN1 to further progress on the NCT topic.
For unsynchronized NCT, RRM measurement can be derived by measuring the RCRS on the NCT. Standalone NCT needs to be configured as unsynchronized NCT.

For synchronized NCT, RSRP and/or RSRQ can be based on reference BCT configured for the UE by the base station.
It is proposed to introduce 25 RBs as minimum bandwidth of sub-band RCRS for NCT. 

It is proposed that NCT RCRS should support subframe offset.
It is suggested for RAN1 to agree reusing of same frequency shift for RCRS as that for CRS and. The frequency shift can be enabled / disabled.
RAN1 should enhance the RCRS for narrow bandwidth, at least for unsynchronized NCT.
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5 Appendix. Simulation assumptions 
Table 1 simulation assumptions
	Parameter
	Value

	System bandwidth
	1.4 MHz

	Carrier frequency
	2 GHz

	Channel model
	ETU

	UE speed 
	3 km/hr ,120km/hr

	Bandwidth for RCRS 
	 6PRBs

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

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

	Number of subframes of a radio frame for RCRS
	10, 4 and 2

	Tracking period
	10ms 

	SNR
	-8dB
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