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1 Introduction

Following the RAN1#80 meeting RAN4 received a LS [1] where RAN4 was asked to provide feedback on achievable measurement performance for Rel-13 low-complexity MTC devices operating in (1) normal coverage and (2) enhanced coverage. Measurement performance refers to RSPR and RSRQ accuracy as well as the time used for such measurements – which may be extended compared to legacy requirements on L1 measurement period.

At RAN4#74bis simulation assumptions for a performance study were agreed in [2], essentially asking interested companies to provide simulation results for the following scenarios:

· Stationary MTC device, comprising results for

· AWGN,

· EPA 1Hz, and

· ETU 1Hz, and

· Mobile MTC device, comprising results for

· EPA 5Hz, and

· ETU 30Hz.

For the base station a single Tx port is assumed. For the MTC device, 1 and 2 Rx branches are assumed, where the former is intended for LC/EC MTC devices.

In this contribution we are providing simulation results on the achievable measurement performance under the conditions agreed upon in [2].
2 Analysis
2.1 Simulation parameters
In [2] it was stated that the following simulation parameters are to be used:

Table 1: Simulation parameters for Rel-13 MTC RSRP/RSRQ measurement accuracy studies

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms, 400 ms 
	Even further increased measurement period can be considered to evaluate the measurement performance

	Measurement sampling rate
	
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1 and 2
	Single and double Rx branches, respectively  

	Mobility
	Stationary UEs, mobile UEs
	

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency for stationary UEs: ETU and EPA
	1 Hz and 1 Hz, respectively
	

	Doppler Frequency for mobile UEs: ETU and EPA
	30 Hz and 5 Hz, respectively
	

	Channel estimation techniques
	Current method (Rel-8) for RS averaging, 

coherent averging over multiple subframes [1], coherent combining of RS over coherent frequency bandwidth [1], increased RS density [1], other techniques are not precluded. 
	Implementation dependent (NOTE 2)

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-18 dB, …, 5 dB
	AWGN noise 

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results

NOTE 2: Companies are requested to provide the details of the RS averaging techniques for interpretation and comparison of the results. 


As we have pointed out already in our contribution [3] to RAN4#74bis a certain number of CRSs need to be averaged in order to suppress the noise when calculating RSRP and RSRQ, hence we are assuming that the same measurement period as for UE cat 0 can be used, i.e. 400ms, since otherwise the radio activity time for RRM measurements would have to be doubled with shortened battery lifetime as result. For results using a 200ms measurement period for select propagation conditions, see [3].
Proposal 1: The measurement period shall be reused from UE category 0 and hence comprise 400ms in RRC_CONNECTED in non-DRX and DRX cycles of less than 40ms. 
2.2 Existing RSRP and RSRQ accuracy requirements
Existing and generally applicable requirements on measurement performance are captured in TS 36.133 [4] clauses 9.1.2.1 and 9.1.2.2 for absolute and relative accuracy of intra-frequency RSRP, and 9.1.3.1 and 9.1.3.2, respectively, for inter-frequency RSRP. Corresponding requirements for RSRQ are captured in clause 9.1.5.1 for intra-frequency absolute accuracy, and clauses 9.1.6.1 and 9.1.6.2 for inter-frequency absolute and relative accuracy, respectively. The requirements are summarized in Table 1 below.  
Table 1: Summary of RSRP and RSRQ measurement accuracy requirements UE category ≥ 1
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy
	≥ -6dB


	±4.5 dB

	Intra-frequency relative RSRP accuracy
	> -3dB
	±2 dB

	
	≥ -6 dB
	±3 dB

	Inter-frequency absolute RSRP accuracy
	≥ -6dB


	±4.5 dB

	Inter-frequency relative RSRP accuracy
	≥ -6dB


	±6 dB

	Intra-frequency absolute RSRQ accuracy
	> -3dB
	±2.5 dB

	
	≥ -6dB
	±3.5 dB

	Inter-frequency absolute RSRQ accuracy
	> -3dB
	±2.5 dB

	
	≥ -6dB
	±3.5 dB

	Inter-frequency relative RSRQ accuracy
	> -3dB
	±3 dB

	
	≥ -6dB
	±4 dB


A new UE category 0 was introduced in Rel-12, with somewhat relaxed requirements and only for intra-frequency measurements. The corresponding measurement accuracy requirements are captured in TS 36.133 clauses 9.1.13.1 and 9.1.13.2 for absolute and relative intra-frequency RSRP accuracy, respectively, and clause 9.1.13.3 for absolute intra-frequency RSRQ accuracy. The requirements for category 0 are summarized in Table 2 below.  
Table 2: Summary of RSRP and RSRQ measurement accuracy requirements UE category 0
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy
	≥ -6dB
	±7 dB

	Intra-frequency relative RSRP accuracy
	> -3dB
	±3 dB

	
	≥ -6dB
	±4 dB

	Intra-frequency absolute RSRQ accuracy
	> -3dB
	±3.5 dB

	
	≥ -6dB
	±4.5 dB


Both sets of intra-frequency measurement accuracy requirements are applicable for RSRP levels a few dBs below the thermal noise floor (-127 to -120 dBm depending on operating band) in RRC_Connected. Particularly a UE shall be capable of detecting intra-frequency neighbour cells that are substantially weaker than the serving cell. While this is essential in mobility scenarios in order to detect upcoming candidates for handover early, it is less important for a stationary device operating in enhanced coverage.
The main source of interference and noise for a device operating in enhanced coverage is the thermal noise since if a stronger neighbour cell is present the device shall camp or connect to that cell instead, in order to preserve power. Using this assumption the baseline SIR is -3dB at worst (connected to one of three cells received at equal power level), and enhancing the coverage 15dB leads to that measurement performance need to be secured down to SINR -18dB.

The legacy requirements on measurement accuracy in static (AWGN) conditions can be met by coherently averaging 8 CRSs, calculate the power, and then average such power estimates non-coherently over 2x5, i.e. in total 10, subframes. The coherent averaging reduces the bias and the non-coherent averaging the variance of the RSRP estimate. The increase in SNR achieved by the coherent averaging is 3dB for every doubling of the number of coherently averaged CRSs. Hence when deriving the legacy requirements an SNR increase of 9dB was achieved, allowing measurement accuracy requirements to be fulfilled at least down to Ês/Iot -6dB.
2.3 Frame structures and subframes available for measurements
The LS [1] specifies that enhanced coverage operation is applicable for both FDD and TDD, but regarding the latter the working assumption is that the performance is to be guaranteed for UL/DL configuration 1. In the former case subframes 0, 4, 5, and 9 are never used for MBSFN and hence are used for measurements by legacy UEs when no information on the MBSFN in use in a cell is available. In the latter case subframes 0, 4, 5 and 9 are downlink subframes, but subframe 4 may be used for MBSFN. A legacy UE without any prior information on the UL/DL allocation and potential usage of MBSFN has to assume that TDD UL/DL configuration 0 is in use, by which only subframes 0 and 5 are certain DL subframes, and where only the first symbol of subframes 1 and 6 (special subframe or DL subframe) can be used for measurements. On the other hand, if a MTC device operating in enhanced coverage can assume that TDD UL/DL configuration 1 (or any TDD configuration for which the subframes 0, 4, 5 and 9 are DL subframes), two consecutive subframes, 9 and 0, can be collected for a single measurement snapshot.

Frequency hopping shall be planned taking into account the potential need for coherent combining of CRS over two adjacent subframes. Hence it is proposed that the scheduling shall be such that an MTC device always can collect subframes 9 and 0 and/or 4 and 5 in the FDD case, and subframes 9 and 0 in the TDD case. In case of HD-FDD it is may be necessary to introduce some kind of measurement gaps to allow the UE to tune in to DL subframes for measurements although in the particular subframe the UE is configured for operating the UL. 
Due to the low operating point with respect to SINR it is not feasible to have the UE detecting the subframes usable for measurements blindly, as it would require additional radio time and processing efforts, thereby wasting battery life-time, and that the low SINR itself makes it challenging to conclusively determine whether a subframe is usable or not for measurements.
Proposal 2: In case of frequency hopping within the serving cell, the network node shall schedule the hopping in such manner that the MTC device can acquire two consecutive DL unicast subframes.

Proposal 3: For HD-FDD measurement gaps may be considered to allow the MTC device to acquire two consecutive DL unicast subframes regardless of the configured UL/DL subframe allocation.

2.4 Automatic gain control

The enhanced coverage scenario is noise-limited and interference from neighbour cells constitutes only a small fraction of the (perceived) received power, the dominating source being thermal noise from the low-noise amplifier (LNA). Hence when hopping from one subband to another within the serving cell’s DL system bandwidth, the optimum gain settings are similar regardless of whether the subband is fully allocated or empty. This is in contrast to the legacy scenarios that in general are interference-limited, whereby the gain setting very much depends on whether the serving (and intra-frequency neighbour) cells are empty of fully loaded in the concerned subframe.
Observation 1: Due to the noise-limited character of the enhanced coverage scenario the AGC settings change very little when hopping between subbands of the serving cell.

2.5 RRM Performance Simulations
To be able to accurately support enhanced coverage down to SINR -18dB, the coherent averaging needs to include more samples to provide another 12dB increase in SNR, totaling to SNR 21dB compared to that of an individual CRS. This means that ideally the coherent average shall comprise about 128 CRSs in order to sufficiently suppress the bias under the existing measurement accuracy requirements. However, using all CRSs in two adjacent subframes only provides 96 CRSs. Assuming that CRSs in more than two adjacent subframes can be used for coherent averaging is not possible in the general case, firstly due to the frame structures (see above) and secondly due to the potentially larger frequency offset compared to legacy caused by impaired AFC operation at very low SINR. The two sizes of coherent averages are shown in Figure 1.
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Figure 1: Illustration of (left) coherent averaging based on 8 CRSs and (right) on 96 CRSs. The former can increase the SINR by 9dB and the latter by 19.8 dB.
Simulations have been carried out using coherent averaging over 96 CRSs (averaging over 2 subframes in time and 6 RBs in frequency) and non-coherent averaging over 10 coherent averages. With a 40ms measurement cycle and two subframes captured each measurement occasion, the measurement period is 400ms. In order to investigate different cases of stationary conditions, simulations were carried out for AWGN, EPA 1HZ and ETU 1Hz. To emulate low mobility, EPA 5Hz and ETU 30Hz were simulated. The simulation parameters are shown in Table 3. The simulation results are shown below.
Table 3: Simulation parameters
	Case
	12x8 1Rx
	12x8 2Rx

	Cell
	PCI 123

	Load condition
	Fully loaded (OCNG)

	eNodeB Tx ports
	1

	Measurement period
	400ms

	Propagation conditions
	AWGN, EPA-1Hz, EPA-5Hz, ETU-1Hz, ETU-30Hz

	Receiver
	Ideal receiver

	Rx antennas
	1
	2

	Coherent average size
	96
	96

	Number of coherent averages per measurement period
	10
	10

	Total number of CRSs used over a measurement period
	960
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Figure 2: RSRP and RSRQ simulation results for AWGN using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Indicated requirements are for absolute RSRP accuracy down to SINR -6dB.
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Figure 3: RSRP and RSRQ simulation results for EPA 1Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown for reference only.
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Figure 4: RSRP and RSRQ simulation results for ETU 1Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown for reference only.
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Figure 5: RSRP and RSRQ simulation results for EPA 5Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown for reference only.
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Figure 6: RSRP and RSRQ simulation results for ETU 30Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown for reference only.
The resulting RSRP and RSRQ absolute accuracies are shown in Figure 2 through Figure 6 for AWGN, EPA 1Hz, ETU 1Hz and EPA 5Hz and ETU 30Hz, respectively. 
Figure 2 through Figure 6 express the measured RSRP level relative to the noise level versus the actual RSRP level relative to the noise level. The actual relative power can be interpreted as SNR. The deviation of the mean from the ideal curve indicates the bias, and the distance between the 5th and the 95th percentile indicates the variance. The simulations indicate that for AWGN, the absolute measurement accuracy for UE category 0 can be reused (Figure 2). 
Observation 2: The intra-frequency absolute RSRP accuracy requirement for MTC device in enhanced coverage can be reused from UE category 0 (±7dB).
Moreover, being a noise-limited scenario the intra-frequency relative RSRP accuracy will mainly depend on the noise level which is the same for any two cells being compared. Since the distance between the 5th and 95th percentiles is less than 4dB, a relative comparison between two equally strong cells would fulfill the measurement requirement on relative accuracy of ±4dB, but the margin may be too low for comparison of a strong and a weak cell. The figures support that there is little gain in the noise-limited case to use more than one Rx antenna since the usage of two antennas under the RAN1 rules leads to higher bias in the estimates.
Observation 3: The intra-frequency relative RSRP accuracy requirement for MTC device in enhanced coverage might be reused from UE category 0 (±4dB).

Observation 4: At low SINR there is little gain by using more than 1 Rx antenna for RSRP measurements.

Furthermore Figure 2 through Figure 6 shows the measured RSRQ level versus the SINR level. The simulations indicate that for AWGN, the absolute measurement accuracy for UE category 0 can be reused down to S(I)NR -18dB but the margin to the allowed tolerance of ±4.5dB might too low to allow enough implementation margin. Here too the figures support that there is little gain in the noise-limited case to use more than one Rx antenna since the usage of two antennas under the RAN1 rules ([5]) leads to higher bias in the estimates.

Observation 5: The intra-frequency absolute RSRQ accuracy requirement for MTC device in enhanced coverage might be reused from UE category 0 (±4.5dB) down to SINR -18dB.

Based on the observations, we make the following proposals:

Proposal 4: An MTC device in enhanced coverage shall fulfil requirements on intra-frequency absolute and relative RSRP and intra-frequency RSRQ absolute measurement accuracies in static conditions (AWGN).

Proposal 5: Particularly at low SINR, to improve battery life time, measurement performance requirements shall be agnostic to the number of Rx branches supported by the MTC device since in noise-limited scenarios there is little benefit from using more than one Rx branch.

3 Response to questions in the LS

“It is unclear what degradation of the measurement performance that can be expected at low operating points, e.g. in terms of reduced measurement accuracy and/or increased measurement time.”

The simulations indicate that the requirements for UE category 0 shall be possible to fulfil down to SINR -18dB, provided that coherent averaging is carried out using all CRSs available in two consecutive subframes. A remaining question for RAN4 is whether there is enough margin to account for different UE implementations.
In total the RSRP value in the simulations is derived from twice the number of CRSs compared to legacy. Assuming a 40ms measurement cycle, the doubled amount of CRSs can either be collected by collecting twice the number of CRSs in each measurement cycle, by which the L1 measurement period can remain the same as in legacy, or the doubled amount of CRSs can be collected by doubling the number of measurement cycles, by which the L1 measurement period becomes doubled (400ms instead of 200ms in DRX shorter than 40ms). Given that the devices are stationary, and the ambition to prolong the battery life, the latter option is preferred. Hence it is proposed to use the same measurement period as in the baseline for UE category 0 (TS 36.133 [4], clause 8.5).
“It is also unclear what impact the reduced bandwidth of the Rel-13 low complexity UE and the potential frequency re-tuning or frequency hopping will have on the measurement performance.”
Reduced bandwidth has no impact since already in the legacy it is assumed that measurements are carried out over the central 6RBs, with optional usage of 50RBs. Baseline requirements have been derived over 6RB bandwidth.

Regarding frequency hopping, as stated above, the network node needs to secure that the UE regularly gets two consecutive subframes to use for measurements. This means that frequency hopping shall be planned/scheduled with this in mind. Moreover, to prolong battery life time the UE shall not have to detect measurement opportunities blindly, or have to detect whether a subframe can be used for measurements or not.
Frequency hopping requires radio tuning (approximately 200us) but same AGC setting used in one subband can be reduced in the next subband since the setting primarily depends on the noise and not on interference from neighbour cells or on allocations (empty, full) in the serving cell. Hence frequency hopping does not imply that the AGC will reduce the number of subframes that can be used for measurements. 
One of the objectives of the work item is to provide UE power consumption reduction in both normal and enhanced coverage, targeting “ultra-long battery life”. According to the work item description “reduction of measurement time, measurement reporting, feedback signalling, system information acquisition, and synchronization acquisition time etc., can be considered if this can achieve significant power consumption reduction”.
Power consumption is reduced by avoiding having the UE to opportunistically and blindly having to detect which subframes can be used for measurements. Moreover, MTC devices having multiple antennas and operating in enhanced coverage shall be allowed to use only a single antenna for the measurements since the simulation results support that at extremely low SINR there is no benefit from selecting the largest measured value over the multiple antennas since it only leads to higher bias. The reason for this is that the noise is so dominating that fluctuations due to the radio channel are more or less insignificant.
4 Conclusions
We have analysed the LS from RAN1 [1] and addressed the measurement-related aspects under the agreed scenarios in [2]. The results indicate that it is feasible to reuse the measurement performance requirements for Rel.12 UE category 0.

The following observations were made:

Observation 1: Due to the noise-limited character of the enhanced coverage scenario the AGC settings change very little when hopping between subbands of the serving cell.

Observation 2: The intra-frequency absolute RSRP accuracy requirement for MTC device in enhanced coverage can be reused from UE category 0 (±7dB).
Observation 3: The intra-frequency relative RSRP accuracy requirement for MTC device in enhanced coverage might be reused from UE category 0 (±4dB).

Observation 4: At low SINR there is little gain by using more than 1 Rx antenna for RSRP measurements.

Observation 5: The intra-frequency absolute RSRQ accuracy requirement for MTC device in enhanced coverage might be reused from UE category 0 (±4.5dB) down to SINR -18dB.
We make the following proposals:  

Proposal 1: The measurement period shall be reused from UE category 0 and hence comprise 400ms in RRC_CONNECTED in non-DRX and DRX cycles of less than 40ms. 

Proposal 2: In case of frequency hopping within the serving cell, the network node shall schedule the hopping in such manner that the MTC device can acquire two consecutive DL unicast subframes.

Proposal 3: For HD-FDD measurement gaps may be considered to allow the MTC device to acquire two consecutive DL unicast subframes regardless of the configured UL/DL subframe allocation.

Proposal 4: An MTC device in enhanced coverage shall fulfil requirements on intra-frequency absolute and relative RSRP and intra-frequency RSRQ absolute measurement accuracies in static conditions (AWGN).

Proposal 5: Particularly at low SINR, to improve battery life time, measurement performance requirements shall be agnostic to the number of Rx branches supported by the MTC device since in noise-limited scenarios there is little benefit from using more than one Rx branch.

A draft response to the LS is provided in [6]. 
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