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1 Introduction
The RCRS (reduced CRS) bandwidth for new carrier type was discussed for many meeting cycles, however till now there is no conclusion in RAN4, and no LS reply to RAN1. In [1], we provided simulation and analysis for RSRP/RSRQ measurement from RRM measurement perspective. At the meantime, the wideband RSRQ issue is under discussing in RAN4 too, and therefore some companies put forward that the RCRS BW has to take the wideband RSRQ scenarios into account as well. 

From analysis in [1], we concluded that RCRS bandwidth of 25 PRBs is sufficient from RRM measurement perspective. In this contribution we focus on the wideband RSRQ scenarios for choosing appropriate RCRS BW.
And in this paper we also provide the link level simulation results to show the performance of time and frequency tracking.
2 Discussion
For evaluation in this section, three types of bandwidths have to be distinguished first. As depicted in figure 1, RCRS bandwidth is the BW of RCRS transmission, measurement bandwidth is the BW UE is allowed to use for RSRP/RSRQ measurement, and system bandwidth is the whole channel BW of target cell. 
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Figure 1. Example of RCRS BW, measurement BW and system BW
In TS36.214，RSRQ definition is specified as,
Table 1 RSRQ definition
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.
The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


The note for RSRP definition in TS36.214 is:

Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
In this definition, there is no restriction that measurement BW must be equal to or smaller than CRS BW, i.e., if CRS was transmitted on a smaller BW and somehow UE had knowledge about CRS BW of the target cell, the RSSI could be calculated on a wider measurement BW, and N in RSRQ formula is the measurement BW, and RSRP can be determined by the CRS REs in the central part (e.g. central 6RBs) within measurement BW.
2.1   Evaluation of RSRQ performance
If the wideband RSRQ issue is taken into account for choosing the RCRS BW, it is reasonable to compare the RSRQ estimated on partial BW with the RSRQ estimated on full BW to see how much the difference is. As defined in TS36.133, the intra-frequency RSRQ accuracy requirement is (2.5dB under side condition 
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, and therefore, if the RSRQ estimation difference between the case of RCRS BW= system BW and the case of RCRS BW=X (X < system BW) is no more than 5dB, the ‘X’ can be considered as a sufficient value for RCRS BW for addressing wideband RSRQ issues. In [2], RSRQ estimation was analyzed when guard band is 25PRB in a low load situation, and it was concluded that the RSRQ estimation may be not accurate enough. In this section we further analyze this issue. Totally 6 cases are studied,
Table 2 Case list
	Case ID
	Guard band (PRB)
	System BW (PRB)
	CRS BW (PRB)
	Meas. BW (PRB)

	1
	25
	100
	25
	25

	2
	
	100
	25
	100

	3
	
	100
	100
	100

	4
	6 (common case)
	100
	25
	25

	5
	
	100
	25
	100

	6
	
	100
	100
	100


RSRQ calculation formulae are deduced case by case as below. Loadfactor is the load situation for the measured cell, e.g. 12/8/4 non-zero power RE in each PRB. The scenario for evaluation is shown as,
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Figure 2. scenario of wideband RSRQ
(1) GB=25PRBs,
For case 1: system BW = 100 PRBs, CRS BW = 25 PRBs, measurement BW= 25PRBs, GB =25PRBs
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For case 2: system BW = 100 PRBs, CRS BW = 25 PRBs, measurement BW= 100PRBs, GB =25PRBs
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For case 3: system BW = 100 PRBs, CRS BW = 100 PRBs, measurement BW= 100PRBs, GB =25PRBs


[image: image6.wmf]3

100

10*log10()

(100(10025)1252)12

case

Es

RSRQ

EsLoadfactorIotIot

Ù

Ù

×

=

××+-×+××

                                             (3)
Thus, the difference between full BW RSRQ estimation and smaller BW RSRQ estimation can be obtained as,
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The RSRQ difference graph is shown as below,
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Figure 3. RSRQ difference of case1-3 and case 2-3

(2) GB=6PRBs
For case 4: system BW = 100 PRBs, CRS BW = 25 PRBs, measurement BW= 25PRBs, GB=6PRBs
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For case 5: system BW = 100 PRBs, CRS BW = 25 PRBs, measurement BW= 100PRBs, GB =6PRBs
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For case 6: system BW = 100 PRBs, CRS BW = 100 PRBs, measurement BW= 100PRBs, GB =6PRBs
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Thus, the difference between full BW RSRQ estimation and smaller BW RSRQ estimation can be obtained as,
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The RSRQ difference graph is shown as below,
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Figure 4. RSRQ difference of case4-6 and case 5-6

From the above analysis and graphs, some observation can be achieved,

Observation 1: The RSRQ estimation of RCRS BW=25PRBs will be inaccurate only if GB=25PRBs and measured cell load is low (lower than 67.7%).
Observation 2: The RSRQ estimation performance of RCRS BW=25PRBs is close enough to RCRS BW=100PRBs in case of GB=6PRBs.

Observation 3: If UE somehow gets the RCRS BW of NCT cell and measurement BW= 100PRBs, the RSRQ estimation performance of RCRS BW=25PRBs is close enough to RCRS BW=100PRBs in case of GB=6PRBs.
2.2   Possibility of GB=25

In approved WF [3], “reference RSRQ” is over 6 RBs on which the GAP is overlapped. The deployment scenarios are proposed in [4] from operators, and accordingly we list possible deployment scenarios for wideband RSRQ,

· Scenario 1: 10 MHz LTE v.s. 5MHz LTE + 5MHz LTE  (Total 10 MHz)

· LTE 5 MHz: 0.25 MHz GB + 4.5 MHz system BW + 0.25 MHz 
· Center GB: 0.5 MHz (2.7 RBs) = 0.25 MHz + 0.25 MHz
· Scenario 2: 20 MHz LTE v.s. 10MHz LTE + 10MHz LTE  (Total 20 MHz)

· LTE 10 MHz: 0.5 MHz GB + 9 MHz system BW + 0.5 MHz GB

· Center GB: 1 MHz (5.56 RBs) = 0.5 MHz + 0.5 MHz 
· Scenario 3: 10 MHz LTE v.s. 5MHz LTE + 5MHz UMTS  (Total 10 MHz)

· LTE 5 MHz: 0.25 MHz GB + 4.5 MHz system BW + 0.25 MHz GB

· UMTS 5 MHz: 0.58 MHz GB + 3.84 MHz system BW + 0.58 MHz GB

· Center GB: 0.83 MHz (4.61 RBs) = 0.25 MHz + 0.58 MHz

· Scenario 4: 10 MHz LTE v.s. 5MHz UMTS + 5MHz UMTS  (Total 10 MHz)

· UMTS 5 MHz: 0.58 MHz GB + 3.84 MHz system BW + 0.58 MHz GB

· Center GB: 1.16 MHz (6.44 RBs) = 0.58 MHz + 0.58 MHz

· Scenario 5：20 MHz LTE v.s. 10MHz LTE + 5 MHz UMTS + 5 MHz UMTS (Total 20 MHz)

· LTE 10 MHz: 0.5 MHz GB + 9 MHz system BW + 0.5 MHz GB

· UMTS 5 MHz: 0.58 MHz GB + 3.84 MHz system BW + 0.58 MHz GB

· Center GB: 1.08 MHz (6 RBs) = 0.5 MHz + 0.58 MHz

From the previous RAN4 discussion and output from operators, we recognize the scenario of GB=25 is a very corner case and it doesn’t make sense to judge which RCRS BW is appropriate by such corner case.
2.3   Summary
Based on the analysis of each case and the possibility, since GB=6RB is the common case from operator and the RSRQ estimation performance of RCRS=25PRBs is almost same as RCRS=100PRBs under GB=6RB, we think the RCRS BW of 25 PRBs is sufficient from RSRQ measurement perspective.
Thus, also regarding the previous analysis in [1], we proposed that,

Proposal: RCRS bandwidth of 25 PRBs is sufficient from RRM measurement perspective if system BW is larger than 25PRBs.
3 Simulation results for time and frequency tracking

3.1 Evaluation cases and simulation assumptions

The evaluation cases are given Table 1, for the Reduced CRS (RCRS) and the other detailed simulation assumptions are given in TS36.101 and Table 2 in Appendix.

Table 3: Evaluation cases for time and frequency tracking

	No.
	Description
	Bandwidth
	Reference channel
	Propagation
	RCRS BW  (PRB)

	1
	Single layer TM9 FDD
	10MHz
	1/3 QPSK
	EVA5 2x2 low
	6,15,25,50

	2
	Single layer TM9 TDD
	10MHz
	1/3 QPSK
	EVA5 2x2 low
	6,15,25,50

	3
	Single layer TM9 FDD
	10MHz
	1/3 QPSK
	ETU300 2x2 low
	6,15,25,50

	4
	Single layer TM9 FDD with 1ms and 5ms  RS subframe periodicities
	1.4MHz
	1/3 QPSK
	EVA5 2x2 low
	Full bandwidth


3.2 Simulation results based on multiple subframe averaging
The CDF curves for frequency and time tracking errors are given in Figure 4for the worse case, i.e., low SNR value under EVA 100km/h, which directly shows the tracking accuracy.

And the simulation results for demodulation performance for No.1 cases are given in Figure 5 In all cases, the RCRS is assumed to have a 5 ms period.
By using long term averaging, the estimates of the frequency and timing offset can be based on averaging across multiple subframes with RS. From the simulation results in Figure 4 and 5, we can observe that by using averaging, even 6 PRB RCRS bandwidth can provide good frequency and time tracking and similar throughput. 
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(a) Frequency error
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(b) Timing error

Figure 4:Tracking error for different bandwidths of the RS port at -8dB SNR for the EVA channel at 100km/h, where Case 1: 1.4 MHz, 6 RB RCRS, Case 2: 10 MHz, 6 RB RCRS, Case 3: 10 MHz, 15 RB RCRS, Case 4: 10 MHz, 25 RB RCRS, Case 5: 10 MHz, 50 RB RCRS
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(a) Simulation results of No.1 evaluation case by using loop filter
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(b) Simulation results of No.2 evaluation case by using loop filter

Figure 5 Link level simulation results by using loop filter
3.3 Simulation results based on a single subframe 

In this section, we will evaluate the performance for DRX and high speed scenarios. In all cases, the RCRS is assumed to have a 5 ms period. During DRX, there will be few subframes with RCRS for the frequency and time tracking. The worst case is that UE can only do the tracking based on the single subframe. 

Figure 6 provides the simulation results with single subframe based tracking for the evaluation of case No.1 in Table 1. It can be observed that with 6 PRB RCRS bandwidth the performance loss at 70% relative throughput is 1.1 dB compared to the perfect tracking. It can also be observed that with 15 PRB RCRS bandwidth, the performance loss at low SNRs is significant. When the RCRS bandwidth is equal to or larger than 25 PRBs, the performance loss is marginal compared to perfect tracking in the whole range of operating SNRs
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Figure 6: Link level simualtion results by using the single subframe tracking, where ideal means the perfect tracking, 6PRB, 15PRB, 25PRB and 50PRB represent the corresponding RCRS bandwidths.
Figure 7 provides the simulation results for high speed case where only a single subframe is used for tracking, i.e., no averaging across subframes. The evaluation case No.3 in Table 1 is used. From the simulation results, we have the observation similar to the above case. That is, when the RCRS bandwidth is equal to or larger than 25 PRBs, the performance loss is marginal compared to perfect tracking in the whole range of operating SNRs. When the RCRS bandwidth is less than 25 PRBs, the performance is not robust.
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Figure 7: Link level simualtion results by using the single subframe tracking for the high speed scenario, where ideal means the perfect tracking, 6PRB, 15PRB, 25PRB and 50PRB represent the corresponding RCRS bandwidths.
Therefore, for frequency and time tracking based on a single RS subframe every 5 ms, we have the following observation:

· Observation 4: When the RCRS bandwidth is equal to or larger than 25 PRB, the performance is sufficient even when using only a single subframe every 5 ms, while the performance is not sufficient when the RCRS bandwidth is less than 25 PRB.

3.4 Simulation results for small system bandwidth

Assuming that the system bandwidth is 1.4 MHz, we compare the performance with 1 ms (i.e., normal CRS without time reduction) and 5 ms RCRS periodicity in Figure 8.

During the simulation, estimates of the frequency and time offsets are averaged over the RCRS subframes within 5 ms. When the periodicity is 5 ms, it is equal to the single subframe based tracking. When the periodicity is 1 ms, it means that the UE averages 5 adjacent subframes to obtain one estimate.

From the simulation results, we can observe that given the 5 ms averaging period, the 5 ms RCRS periodicity results in significant performance degradation for 1.4 MHz bandwidth in the whole range of operating SNRs. Thus, there could be significant issues in deploying the NCT for small system bandwidths and the performance could potentially be even worse than legacy carriers. 
Therefore we have the observation that:

· Observation 5: The 5 ms RCRS periodicity is not sufficient for narrow system bandwidths.
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Figure 8: Simulation results for 1.4MHz bandwidth
4 Conclusion
In this contribution, different cases and GB possibility are analyzed, and the proposal is drawn as,
Proposal: RCRS bandwidth of 25 PRBs is sufficient from RRM measurement perspective if system BW is larger than 25PRBs.
Reference
[1] R4-130305, Further discussion on RRM measurement under NCT, Huawei, HiSilicon 
[2] R4-130699, Discussion of NCT reduced CRS, Intel
[3]
R4-130946, Way forward on Wideband RSRQ, NTT DOCOMO, Ericsson, ST-Ericsson, Huawei, HiSillicon, Intel, Renesas, Nokia
[4]
R4-114243, Issues on narrow measurement bandwidth, NTT DoCoMo








































































































































































































































































































































 2/11

_1425730014.unknown

_1425733635.vsd
System bandwidth


RCRS 
bandwidth


Measurement bandwidth



_1425739174.unknown

_1425730018.unknown

_1425730020.unknown

_1425730016.unknown

_1425730003.unknown

_1425730007.unknown

_1425730012.unknown

_1425730009.unknown

_1425730005.unknown

_1425730001.unknown

