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1 Introduction

In RAN4#63, the LS was received from RAN1 asking RAN4 how large should be NCT RCRS bandwidth for carrier aggregation enhancement scenario.[1] After some discussion, the option of 6RB bandwidth was eliminated and in our understanding, it seems come to the convergence as following:
· For system bandwidths  <= 5 MHz,  RCRS should be equal to system bandwidth;
· For system bandwidths  > 5 MHz,  two alternative of RCRS bandwidth:
· full system BW, or
· min(system BW, X) where X is 25RBs

Two aspects are related to the evaluation for finial decision:
· From the perspective of RRM (RSPR/RSRQ) measurements, and
· From the perspective of timing and frequency tracking accuracy
In this contribution, we provide some more considerations on this issue from the above 2 perspective. 

2 Discussion
As the RAN1 question is related to two perspectives, we suggest to separately discuss/analysis in order to make progress.
Proposal 1:  RAN4 should analyze the issue from RRM measurements perspective and tracking perspective separately.
2.1 From the perspective of RRM measurement

As for RSRP measurement performance, many companies have confirmed through simulation ([2] to [5]) that reduction of CRS bandwidth can lead to RSRP measurement accuracy degradation, but such degradation is within acceptable level. Since the current measurement requirements in [6] was made based on the 6RB measurement bandwidth and 5 sample times every 200ms measurement period, partial bandwidth RCRS of 25RB and 5ms period is still capable of meeting the specified requirement.
As for RSRQ measurement, similar conclusion can be drawn. Moreover we should keep in mind that RAN1’s question was under the background of carrier aggregation scenario, while RSRQ measurement for mobility purpose is usually performed on primary carriers (PCell) instead of NCT (as secondary carrier).  
Proposal 2: The RCRS with 25RBs bandwidth is sufficient from the perspective of RRM measurement.
2.2 From the perspective of timing and frequency tracking 
In the last meeting we provided simulation results of timing and frequency tracking [2]. Afterwards, we double checked the simulation and found that averaging period could have impacts on the tracking accuracy. From our assessment, the timing (or frequency) uncertainty changes every 10ms (one radio frame) as a result, UE can average its tracking samples twice in a tracking-period (5ms of CRS period). We compare the results of RCRS bandwidth with 25RBs and full bandwidth with 10MHz. The other detailed simulation parameters remains and are listed in appendix. 
The following is the updated results and based on them we have the following observation.
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Figure1.  Timing and Frequency tracking 
Observation: the reduction of CRS bandwidth leads to maximum 5% tracking accuracy loss (which is also acceptable) in the scenario that timing or frequency uncertainty does not vary extremely fast.
The method to perform time/frequency tracking is purely UE implementation specific. The above method utilising RCRS is only one method. There are other alternatives such as utilisation of PSS/SSS and CP for initial tracking during cell synchronisation. Another method could be to utilise RCRS combined with other pilot signal such as RCRS combined with CSI-RS, which is only valid for RRC_CONNECTED mode or RCRS combined with PSS/SSS. 
In our understanding tracking in IDLE mode is usually implemented for the purpose of  paging and SI reception, while for NCT in carrier aggregation scenario, especially for NCT Phase I study, paging and  SI are only transmitted on Pcell (so not possible on NCT). So it is our understanding that time/frequency tracking is performed at RRC_CONNECTED mode and so RCRS combined with CSI-RS can provide good tracking accuracy. Of course the tracking implementation scenarios need to be confirmed by RAN1 and the performance for each alternative need further studied by RAN4.
Proposal 3: RAN4 should evaluate more methods of timing and frequency tracking such as RCRS combined with CSI-RS or PSS/SSS, to gain more insights into the UE time/frequency tracking performance
3 Conclusions

In this contribution, we provide further views on NCT CRS bandwidth from the perspective of  RRM measurements and time/frequency tracking, with the following 3 proposals:

Proposal 1:  RAN4 should analyze the issue from RRM measurements perspective and tracking perspective separately.
Proposal 2: The RCRS with 25RBs bandwidth is sufficient from the perspective of RRM measurement.

Proposal 3: RAN4 should evaluate more methods of timing and frequency tracking such as RCRS combined with CSI-RS or PSS/SSS, to gain more insights into the UE time/frequency tracking performance
Based on the above proposals we draft LS response out to RAN1 in [7].
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Appendix: Simulation Assumptions: Time and frequency tracking simulation assumption
	Parameters
	Value

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	ETU70

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

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

	Periodicity for CRS
	5ms

	Tracking period
	10ms 

	Bandwidth for CRS 
	 25RB  vs full bandwidth (10MHz)

	Number of antenna ports for CRS
	1

	SNR
	-8dB
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