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1 Introduction

In the RAN1#68bis meeting, a LS was approved asking RAN4 about some issues for  introducing a new carrier type (NCT) [1]. So far, for the new carrier types for carrier aggregation enhancement, RAN1 has reached the following agreement:
Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):
· 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

· FFS how RSRP measurements would then be handled for the NCT 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

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

· configurable between full system BW and min(system BW, X)
RAN1 would like to seek guidance from RAN4 on the following issues:

· How should the RRM measurements be handled for the new carrier type?

· If the RRM measurements are performed based on the RS port described above, which bandwidth (as listed in the agreement above) is considered as sufficient?
In the RAN4 #63 meeting, the bandwidth (BW) of reduced-CRS (RCRS) for NCT was discussed but no agreement has been achieved. From RRM measurement perspective, Huawei provided simulation analysis for RSRP/RSRQ measurement in [7]. However there are still some remaining issues that need to be further analyzed, which can be summarized as:
1. RSRQ measurement issue for some scenarios

2. UE Rx-Tx time difference measurement

3. Inter-frequency RSRP/RSRQ measurement in Gap

In this contribution, we further analyze the issues above and propose the BW for RCRS.

2 Discussion
2.1 RSRQ measurement
In the last meeting, the RSRQ measurement issue has been mentioned as a potential issue if adopting small RCRS BW (1.4MHz) in some cases analyzed in [2]. In [3], the consensus has been achieved as follows,

· The solution would be wide band measurements which take into account wide signal conditions. Different implementations can be considered in the work eg. 
· to have wider measurement bandwidth
· to use narrow bandwidth to measure over wide bandwidth in TDM manner and average the frequency domain narrow bandwidth measurement snapshots
· Etc.
In the above agreements, it does not mean that CRS bandwidth must be equal to system bandwidth. For example, as illustrated in Fig. 1, system BW can be wider than RCRS BW and RCRS BW can be wider than measurement BW. 
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Figure 1. Example of RCRS bandwidth in relation to the measurement and system bandwidths.
Basically, measurement BW can be decided by the methods proposed in [3], and the RCRS BW determines the upper bound of available measurement BW (which has CRS resource elements). In order to determine which RCRS bandwidth that is sufficient for RSRQ measurement, we assume that measurement BW is equal to the RCRS BW. Based on the evaluation in [4], it is seen that 25 RBs measurements are almost same as 50 RBs measurements which can solve the RSRQ issues. That is, a RCRS BW of 25 RB is sufficient for RSRQ measurements.
Furthermore, the RSRQ measurement issue only exists in some deployment cases and is not necessarily a very common issue for the entire network. Hence, it is also reasonable to adopt configurable RCRS BW in different area if the complexity is acceptable from implementation perspective.

Based on the analysis above, an observation is:
Observation 1: A RCRS bandwidth of 25 PRBs is sufficient for RSRQ measurement.
2.2 UE Rx-Tx time difference measurement
In TS36.133, it is specified that the UE RX-TX time difference is measured from the Pcell, and in TS36.331 it is also defined as follows,

------------------------------------------- copied from 36.331 -------------------------------------------------

ue-RxTxTimeDiffResult
UE Rx-Tx time difference measurement result of the PCell, provided by lower layers. According to UE Rx-Tx time difference report mapping in TS 36.133 [16].
----------------------------------------------------- end -----------------------------------------------------------
From the RAN1 discussions, it follows that Pcell will not be configured on NCT carrier in the non stand-alone case. Thus, NCT and RCRS will not impact UE Rx-Tx time difference measurement.
For a stand-alone NCT, the RCRS configuration is almost the same as CRS for TDD configuration 0. The UE Rx-Tx time difference measurement requirement in current TS36.133 can cover the TDD configuration 0 case from 6 PRBs. 
Based on the baseline simulation assumption in [5], the simulation results for UE Rx timing measurement accuracy on RCRS (5 ms CRS period in 200 ms) is as shown in Table 1.
Table 1. UE Rx timing measurement accuracy.
	Measuring cell SNR = -3dB

	Channel model
	AWGN

	6PRB
	-2.8~-2.3 (Ts)

	Channel model
	ETU70

	6PRB
	-6.9~-4.5 (Ts)

	Channel model
	EPA5

	6PRB
	-6.0~-4.5 (Ts)


As analyzed in [6], the UE Tx timing error can be considered as ±8Ts for 6 PRB. Thus, RCRS bandwidth of 6 PRB is sufficient for UE Rx-Tx time difference measurement.
Observation 2: A RCRS bandwidth of 6 PRBs is sufficient for UE Rx-Tx time difference measurement.
2.3 Inter-frequency RSRP/RSRQ measurement in Gap
If gap is used to perform RSRP/RSRQ measurement for inter-frequency neighboring cell, the available number of subframes including CRS for RSRP/RSRQ measurement may be reduced to 1 due to the periodicity of the RCRS which is illustrated in Figure 2.
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Figure 2. Example of inter-frequency RSRP/RSRQ measurement in gap.
The measurement period is specified as Table 2 in TS36.133.
Table 2: RSRP measurement period and measurement bandwidth.
	Configuration
	Physical Layer Measurement period: TMeasurement_Period _Inter_FDD [ms]
	Measurement bandwidth [RB]

	0
	480 x  Nfreq
	6


Thus, for NCT, in 480ms period only 6 samples can be obtained if 80 ms gap period is configured, and each sample includes only one CRS subframe for measurement. Regarding performing RSRP/RSRQ measurement for neighboring cell on inter-frequency, the minimum available samples during 480 ms period can be summarized as in Table 3.
Table 3: Minimum available samples for RSRP/RSRQ measurement.
	Configuration
	Physical Layer Measurement period: 
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum sample number
(1 subframe/sample)

	0
	480 
	80
	6


Based on the simulation assumption in [7], the simulation results for inter-frequency RSRP/RSRQ measurement performance for NCT with gap are shown in Figure 3.
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Figure 3. Inter-frequency RSRP/RSRQ measurement performance.
Observation 3: A RCRS bandwidth of 6 PRB is sufficient to fulfill inter-frequency RSRP/RSRQ worst case measurement accuracy requirement. 
Thus, it can be concluded that a RCRS bandwidth of 6 PRB is sufficient for inter-frequency RSRP/RSRQ measurement with Gap.

Additionally, the simulation results in [7] indicated that a RCRS bandwidth of 6 PRB is sufficient for intra-frequency RSRP/RSRQ measurement. Therefore, from Observation 1-3, we conclude that a RCRS bandwidth of 25 PRBs is sufficient from the RRM perspective.
Final Proposal: RCRS bandwidth of 25 PRBs is sufficient from RRM measurement perspective.
3 Conclusions

In this contribution, we further analyze the remaining issues from RRM perspective, and based on the simulation results and analysis, our proposal is, 
Proposal: RCRS bandwidth of 25 PRBs is sufficient from RRM measurement perspective.
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