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1 Introduction
This document attempts to progress the issues for UE RRM requirements for the “low complexity” UE for MTC. 

NOTE·: This paper does not yet take into account the possible impacts due to support of “enhanced coverage” for MTC. However, because the “low complexity” UE will need to operate without “enhanced coverage” features (e.g. if network does not support or operate it, or if the UE does not support it), then RAN4 should consider the requirements impact of the “low complexity” UE for MTC in isolation of the possible impacts of “enhanced coverage” support.
2 Some of the impacts on core RRM requirements of “low complexity” UE for MTC
There have been proposals that further relaxations on performance requirements for ALL “low complexity UEs in normal coverage” could be allowed. This may be something to consider for some types of device that may only “delay-tolerant” applications, but RAN4 initial focus should be on understanding the essential impacts due to the support of low-complexity functionality in the UE.
2.1 Possibility impact of reduced bandwidth 
It is not fully clear in RAN1 whether there will be any restrictions to the CRS occasions due to the reduced resource bandwidth for “low complexity MTC” support. 

However, the PDCCH is always allocated across the whole channel bandwidth, so this puts a requirement on the UE to decode some of the CRS in ALL RBs at least once per sub-frame when the UE is in ACTIVE state. So there should be no impact to existing RRM requirements due to reduced bandwidth support.
Proposal: Agree that reduced bandwidth for “low complexity MTC” support will not put any restrictions on the UE’s ability to meet existing RRM requirements. 

2.2 Single Rx UE impacts: RSRP measurement accuracy and cell detection
2.2.1 RSRP measurement accuracy
RSRP measurement accuracy is defined in terms of absolute accuracy and relative accuracy. 
The RSRP measurement assumes a 200ms measurement period, and from simulations performed in Release 8, measurement samples were taken every 50ms for final layer 1 filtering. The simulation assumptions that were used for RSRP measurement accuracy are shown below in table 1.

Table 1: Simulation parameters for RSRP measurement accuracy results
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	Once every 50-70 ms
	

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Linear average of RSRP from both branches. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions [2]
	AWGN, ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	Frequency band
	2.6 GHz
	

	Interference from other cells [Ioc] 
	-70 dBm
	AWGN

	Power received from cell to measure RSRP to Ioc [Ior/Ioc]
	-10 to +3 dB
	To be varied


Previous simulation work:

Results for RSRP measurement accuracy that were submitted in Release 8 are shown in documents [1-4] and for all measured channels, the level of accuracy of the RSRP get worse as geometry gets worse. Predictably the AWGN channel offers most consistent performance because there is no fading applied to the channel, and across the 200ms period the UE receiver will find it easier to filter out variations in the signal. The AWGN results show that in best case geometry there is a maximum relative range of RSRP from max to min of around 1.5dB, and in worst case geometry there is a maximum relative range of 4dB from max to min RSRP value. 
Geometry impacts

Ês/Iot is measured at each receive antenna connector, so when a single Rx antenna is used, Vodafone understands that the result would be that the lack of diversity combining on the Ês part of the Ês/Iot would mean that the geometry experienced by the UE would reduce, and given that the reduction in geometry causes a higher inaccuracy of the RSRP, then this suggests that RSRP accuracy be worse for 1Rx compared to 2Rx – if all other input parameters to the test remain the same. 

Improved measurement averaging

In addition to the energy increase when using Rx diversity, it is possible that the linear averaging by the UE of the RSRP samples may help to remove variations in RSRP caused by the AWGN channel. However, it should be considered that already 4 samples of the channel should be available within the 200ms measurement period, so this will already allow for some averaging, so the benefit of 2Rx over 1Rx for measurement averaging in an AWGN channel may be quite small. Also compared to the change in geometry, the impact of the lack of improved measurement averaging may be negligible.
Proposal: In order to investigate the RSRP accuracy issues, it is proposed to use the simulation assumptions below.

Table 2: Proposed simulation assumptions

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	Once every 50-70 ms
	

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1
	

	DRX/DTX
	OFF
	

	Propagation conditions [2]
	AWGN
	

	Frequency band
	2.6 GHz
	

	Interference from other cells [Ioc] 
	-70 dBm
	AWGN

	Power received from cell to measure RSRP to Ioc [Ior/Ioc]
	-10 to +3 dB
	To be varied


RSRP absolute accuracy: The RSRP absolute intra-frequency accuracy is shown below in table 2. The accuracy values here take into account RF impairments (for example UE AGC imperfections), which is the reason for the allowed inaccuracy being so large. It does not seem obvious that there would be a noticeable impact on the current RSRP absolute accuracy when comparing 1Rx with 2Rx, due to the large margins considered for RF impairments.
Table 3: RSRP Intra frequency absolute accuracy

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 5
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	N/A
	-70

	
	
	
	9, 30, 42, 43
	-120
	N/A
	-70

	
	
	
	28
	-119.5
	N/A
	-70

	
	
	
	2, 5, 7, 27, 41, 44
	-119
	N/A
	-70

	
	
	
	26
	-118.5 Note 2
	N/A
	-70

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 4
	-118
	N/A
	-70

	
	
	
	25
	-117.5
	N/A
	-70

	
	
	
	31
	-114.5
	N/A
	-70

	(8
	(11
	(-6 dB
	Note 3
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 3:
The same bands apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 4:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.

NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.


RSRP intra-frequency relative accuracy: The RSRP relative accuracy between measurements of 2 cells is shown below. When comparing to the original ideal simulation results for AWGN, there seems to be more than 1dB of implementation margin added in both +ve and –ve direction for the final requirement values.

It should be considered whether the impact of a geometry shift and potentially less samples for averaging will have a bit enough impact to warrant relaxations in the requirements.  
RSRP inter-frequency relative accuracy: Due to the fact that the RF impairments may be different on different frequency bands, the inter-frequency RSRP relative accuracy is similar to the RSRP absolute accuracy requirements. Vodafone therefore expects that when comparing 1Rx to 2Rx, the difference in performance is not likely to be noticeable.

Proposal: Perform further investigations on absolute and relative accuracies, but bear in mind that there is quite some implementation margin (especially for absolute accuracy) when considering whether changes are needed to existing requirements. 
Table 4: RSRP Intra frequency relative accuracy

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot Note 2
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 6
	dBm/BWChannel

	(2
	(3
	(-3 dB
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	9, 30, 42, 43
	-120
	-50

	
	
	
	28
	-119.5
	-50

	
	
	
	2, 5, 7, 27, 41, 44
	-119
	-50

	
	
	
	26
	-118.5 Note 3
	-50

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 5
	-118
	-50

	
	
	
	25
	-117.5
	-50

	
	
	
	31
	-114.5
	-50

	(3
	(3
	(-6 dB
	Note 4
	Note 4
	Note 4

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.

NOTE 3:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 4:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 5:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.

NOTE 6:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.


2.2.2 Cell identification
Vodafone understands that it may currently be difficult for the UE to combine PSS signals when performing cell detection, because there is no way for the UE to know in advance that the PSS detected by each Rx antenna are from the same cell or a different cell, so performing combining may actually make cell detection performance worse. 
Also it seems that the focus was put not on minimizing cell identification times from 600 (cell search) + 200ms (for RSRP measurement), but on improving the geometry in which cell identification could be performed. 
Therefore as there does not seem to be an Rx combining gain in this case, it does not seem obvious that there would be degradation in terms of “cell search times” from using 1Rx instead of 2Rx. However, degradation in the RSRP measurement geometry may affect the overall “event triggered reporting in intra-frequency scenario” test case, so any changes in RSRP accuracy may affect the overall performance.
For reference, the following simulation assumptions (in Table 5) were used in Rel-8 to verify intra-frequency cell identification in the UE. The final test case focussed on ETU70 propagation conditions.
From the results (see [5] which references the relevant simulation results) it seems that there was quite some margin between the actual achievable cell search times and the assumed cell search time of 600ms allowed by the standard.

Proposal: Impacts to cell search should be checked to understand if the 600ms can be met with 1Rx UE. The following simulation assumptions (below) should be re-used.
Table 5: Cell Identification Test Parameters

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	P-SCH and S-SCH PSD relative to RS PSD
	dB
	0
	0
	0

	Number of RB’s
	
	6
	6
	6

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1
	1

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	1) Relative Delay of 1st Path (synchronous)
	μs
	0
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	μs
	0
	1.5 ms
	3.0 ms

	Ior/Ioc
	dB
	5.18
	0.29
	Test 1:  1.25

Test 2:  0.25

Test 3:  -0.75

	Number of Tx antennas
	-
	1
	1
	1

	P-SCH Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	S-SCH Sequence ID [2]
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	RS sequence
	
	TBD
	TBD
	TBD

	Propagation Condition
	-
	AWGN, PA5, ETU5, ETU300

	Ioc Model
	-
	AWGN

	NOTE :
The Ior/Ioc values are consistent with the UMTS Type 3i simulation assumptions


	NOTE :
Ioc value doesn’t include the three simulated eNB signals’ power



Table 6: Other simulation assumption parameters for cell identification
	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 and Cell 2 by the UE
	Yes

	Cell 1, 2, 3 carrier frequency
	Same

	False detect threshold 
	Required as in a real UE implementation

	UE having apriori knowledge of system being synchronous or synchronous (by signaling)
	No

	Duty cycle
	100% (to represent non-DRX case)

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both P-SCH and S-SCH sequence id’s.

	CP length detection
	Both short or long CP may be present, hence UE needs to detect CP length

	Receive antennas
	2  (uncorrelated)


Table 7: Cell Id Combinations to be simulated
	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	 5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	6
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	7
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	8
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous


Table 8: PSC, SSC indices for simulations
	Label
	Code index

	psc1
	29

	psc2
	25

	psc3
	34


	Label
	Code index
	Cell group index [1]

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


2.2.3 Test cases

Almost all test cases use only AWGN conditions for verifying the core requirements. However, ETU70 is used for “event triggered measurement reporting in ACTIVE state”.
Vodafone believes that RAN4 should focus any analysis on the propagation conditions used by existing test cases, as there is no way of identifying if the UE also meets those requirements for other conditions.

Proposal: Analysis performed for 1Rx support on existing core requirements, should focus on existing tested propagation conditions in which those requirements are tested.

2.3 Half duplex support
E-UTRA FDD and E-UTRA TDD seem to have the same core requirements for mobility. Therefore, as the availability of CRS to the UE would be no worse than for TDD operation, Vodafone believes that there is no additional impact to RRM core requirements due to usage of Half Duplex FDD.
Proposal: No RRM core requirements impact to support HD-FDD. However the test cases for HD-FDD need to be discussed further.
3 Conclusion
This document provides some background on past discussions in RAN4, and potential impact of Single Rx and HD-FDD operation. 
The following is proposed:

· For reduced PDSCH bandwidth

· Agree that there is no impact on RRM requirements.

· For Single Rx operation: 
· RSRP accuracy: Perform further investigations, and agree the simulation assumptions proposed in this document for such investigation. 
· Cell search: Adapt the simulation assumptions in this document for investigating 1 Rx.

· Focus on the propagation conditions used in the corresponding test cases for further analysis of core requirements.

· For HD-FDD: No changes to RRM core requirements are needed to support HD-FDD operation.
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