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1. Introduction
Now that candidate patterns for work on RAN4 TDM eICIC measurement requirements have been agreed and other details are becoming clearer, it is possible to get a more detailed picture of the power consumption implications of measurement restrictions and other practical considerations when TDM eICIC is taken into use. This contribution is intended to provide analysis and discussion of these aspects to improve the understanding of the operation of eICIC as well as to suggest some aspects which should be considered when the final requirements are defined.
2. Discussion

2.1 Power consumption analysis
The main case in which there may be a UE power consumption implication of using eICIC is in RRC connected state with large DRX ongoing. In this case, a release 8/9UE would typically measure only during the on duration of the DRX cycle and potentially shortly before/afterwards if this would be necessary to ensure sufficient samples to meet measurement accuracy. However, with the use of TDM eICIC patterns for measurements the measurements may have to be scheduled in other parts of the DRX cycle in order to conform to the measurement pattern. In our understanding there are no features or mechanisms in release 8/9 which require the UE to wake up in mid DRX cycle. We believe this is an important principle also for also for REL10, i.e. the UE should be able to perform all measurements during or close to the active period.

For the purposes of evaluation, we have assumed that the eICIC measurement restriction pattern and the DRX cycle are aligned, To evaluate the power consumption, it is necessary to estimate how many CRS in total need to be received during the measurement period which is assumed to be 5 DRX cycles, ie the measurement period specified for release 8 and 9 in 36.133.

Although the analysis is for intrafrequency measurements, we first consider how many CRS are available for interfreqency measurements. In each subframe, there are 8 RE which contain  reference symbols  as shown in figure 1- at least considering the one port case which is the limiting one as far as defining measurement requirements. So, in one 6ms measurement gap, 8*5=40 CRS resource elements exist (assuming 0.5ms+0.5ms for LO adjustment at the beginning and end of the gap). Over a 480ms measurement period and assuming 80ms gap periodicity, there are 480/80 = 6 gaps. Hence, for a given cell there would be 6*40 = 240 RE which are available to be measured.
For the purposes of analysis we assume that 240 RE are also needed by UE implementation within the measurement period to obtain good measurement accuracy for intrafrequency measurements of each cell. As the assumed measurement period is 5 DRX cycles, this means that the UE should obtain 240÷5=48 symbol durations on each DRX wake up, or alternatively the minimum wake up time is 6ms from an intrafrequency neighbour measurement perspective, regardless of the RRC signalled on duration for the DRX cycle. This is a slightly theoretical analysis and in practice additional time would also be needed for other implementation aspects eg RF and baseband start up prior to reception.

[image: image1.emf]0



l

0

R

0

R

0

R

0

R

6



l 0



l

0

R

0

R

0

R

0

R

6



l

O

n

e

 

a

n

t

e

n

n

a

 

p

o

r

t

T

w

o

 

a

n

t

e

n

n

a

 

p

o

r

t

s

Resource element (k,l)

Not used for transmission on this antenna port

Reference symbols on this antenna port

0  l

0

R

0

R

0

R

0

R

6  l 0  l

0

R

0

R

0

R

0

R

6  l 0  l

1

R

1

R

1

R

1

R

6  l 0  l

1

R

1

R

1

R

1

R

6  l

0  l

0

R

0

R

0

R

0

R

6  l 0  l

0

R

0

R

0

R

0

R

6  l 0  l

1

R

1

R

1

R

1

R

6  l 0  l

1

R

1

R

1

R

1

R

6  l

F

o

u

r

 

a

n

t

e

n

n

a

 

p

o

r

t

s

0  l 6  l 0  l

2

R

6  l 0  l 6  l 0  l 6  l

2

R

2

R

2

R

3

R

3

R

3

R

3

R

even-numbered slots odd-numbered slots

Antenna port 0

even-numbered slots odd-numbered slots

Antenna port 1

even-numbered slots odd-numbered slots

Antenna port 2

even-numbered slots odd-numbered slots

Antenna port 3


Figure 1 : Reference symbol resource elements mapping from 36.211

Considering first the case without TDM eICIC a possible intrafrequency measurement regime is illustrated in figure 2 with the shortest possible DRX on duration timer = psf1. 
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Figure 2 : Measurement regime without TDM eICIC restriction

In simplistic terms, the receiver duty cycle is 6ms/DRX_cycle length, which is tabulated for different DRX cycles below. This may be either an overly optimistic analysis because it ignores other receiver initialisation operations prior to the reception or an overly pessimistic analysis if UE uses fewer samples for its measurements. 
	DRX cycle
	RX duty factor

	40
	15.00%

	64
	9.38%

	80
	7.50%

	128
	4.69%

	160
	3.75%

	256
	2.34%

	320
	1.88%

	512
	1.17%

	640
	0.94%

	1024
	0.59%

	1280
	0.47%

	2560
	0.23%

	
	


Table 1 : Duty cycles for different large DRX cycles
When TDM eICIC is taken into use, this measurement regime cannot anymore be used since UE neighbour measurements should be restricted according to the signalled bitmap. In RAN4#57, several candidate bitmaps were agreed for further study including the following patterns for FDD



(1/8,1,ABS)

[ 10000000, … ]



(2/8,2, ABS)

[ 11000000, … ]



(3/20,1,MBSF)

[ 1000010000 1000000000 ]



(3/8,1,ABS)

[ 11100000, … ] (If the group is OK with the workload_
While EUTRA networks would not be precluded from using other ABSF patterns, we have analysed this set from a power consumption point of view. Figure 3 shows a modified measurement regime which accounts the ABSF pattern 1/8, assuming that the ABSF pattern and the on duration of the DRX cycle are aligned.
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Figure 3 : Measurement regime with 1/8 TDM eICIC restriction
It can be seen that obtaining the same number of CRS RE now takes 41 subframes. This result is independent of the DRX on duration.
Similar analysis is performed for 2/8, 3/20 and 3/8 patterns
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Figure 4 : Measurement regime with 2/8 TDM eICIC restriction
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Figure 5 : Measurement regime with 3/20 TDM eICIC restriction
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Figure 6 : Measurement regime with 3/8 TDM eICIC restriction
Table 2 shows the time needed to complete this measurement regime for different ABSF patterns
	ABSF pattern
	Time taken to complete measurements (ms)

	None
	6

	(1/8,1,ABS)

	41

	(2/8,2,ABS)
	18

	(3/20,1,MBSF)
	31

	(3/8,1,ABS)
	11


Table 2 : Time taken to complete measurements for different ABSF patterns
Within the restricted measurement regimes it may be possible to save some power in DRX between ABSF measurement opportunities by (for example) powering down the RF. However, RF and baseband settling times will limit the possibility to do this, and in any case it is quite likely that the UE will not be able to go fully to a low power state until the measurements are completed. For the purposes of further analysis we consider that the UE RF and BB are fully active up for the measurement duration, even though in practice some optimisations will be possible. A similar analysis is made for the different measurement completion times in table 2, tabulating (Time taken to complete measurement)/DRX cycle length
	DRX cycle
	ABSF pattern

	
	None
	(1/8,1,ABS)

	(2/8,2,ABS)
	(3/20,1,MBSF)
	(3/8,1,ABS)

	40
	15.00%
	100.00%
	42.50%
	75.00%
	25.00%

	64
	9.38%
	62.50%
	26.56%
	46.88%
	15.63%

	80
	7.50%
	50.00%
	21.25%
	37.50%
	12.50%

	128
	4.69%
	31.25%
	13.28%
	23.44%
	7.81%

	160
	3.75%
	25.00%
	10.63%
	18.75%
	6.25%

	256
	2.34%
	15.63%
	6.64%
	11.72%
	3.91%

	320
	1.88%
	12.50%
	5.31%
	9.38%
	3.13%

	512
	1.17%
	7.81%
	3.32%
	5.86%
	1.95%

	640
	0.94%
	6.25%
	2.66%
	4.69%
	1.56%

	1024
	0.59%
	3.91%
	1.66%
	2.93%
	0.98%

	1280
	0.47%
	3.13%
	1.33%
	2.34%
	0.78%

	2560
	0.23%
	1.56%
	0.66%
	1.17%
	0.39%


Table 3 : Duty cycles for different large DRX cycles and different ABSF patterns
In table 4, the same information is presented but normalised to the “No ABSF” column to show the relative change in duty factor. In this case, the relative difference is independent of the actual DRX cycle used, since the RX on duration is extended by the same amount in all cases,
	DRX cycle
	ABSF pattern

	
	None
	(1/8,1,ABS)

	(2/8,2,ABS)
	(3/20,1,MBSF)
	(3/8,1,ABS)

	40
	1.00
	6.67
	2.83
	5.00
	1.67

	64
	1.00
	6.67
	2.83
	5.00
	1.67

	80
	1.00
	6.67
	2.83
	5.00
	1.67

	128
	1.00
	6.67
	2.83
	5.00
	1.67

	160
	1.00
	6.67
	2.83
	5.00
	1.67

	256
	1.00
	6.67
	2.83
	5.00
	1.67

	320
	1.00
	6.67
	2.83
	5.00
	1.67

	512
	1.00
	6.67
	2.83
	5.00
	1.67

	640
	1.00
	6.67
	2.83
	5.00
	1.67

	1024
	1.00
	6.67
	2.83
	5.00
	1.67

	1280
	1.00
	6.67
	2.83
	5.00
	1.67

	2560
	1.00
	6.67
	2.83
	5.00
	1.67


Table 3 : Normalised increase in duty cycles for different large DRX cycles and different ABSF patterns
While the exact numbers may be open to interpretation and may vary somewhat due to different UE implementation options, we think that nevertheless significantly increased UE power consumption could be expected in DRX states when ABSF patterns are taken into use by the UE, especially for 1/8 ABS and 3/20 MBSF patterns where a greater than 5-fold increase in UE activity has been predicted by the simple analysis in this contribution. It is true that some increase may occur to an extent even for a release 8 UE based on the signalled MBSFN configuration, however it should be noted that limited CRS symbol support is available (within the PDCCH region) are available in MBSFN subframes and the measurement restrictions would be less severe.
We also observe that a UE can remain configured with a measurement restriction for an extended period of time, for example in the case of a UE located in a residential setting where a neighbouring household has installed a femtocell.

Observation : Measurement restrictions are likely to increase UE activity in RRC connected DRX state, perhaps considerably especially for 1/8,1,ABS and 3/20,1,MBSF patterns. 

It is not unexpected that TDM eICIC increases power consumption  as it restricts UE implementation freedom. This can partly be considered as a necessary consequence which needs to be made as a part of operating TDM eICIC. Nevertheless, UE battery life is a very important part of user experience and it would be unacceptable if a user perceives significantly worse battery life with a release 10 device than a release 8 device, even though there might also be perceived user benefits with TDM eICIC such as better radio performance in femto-cell interference limited scenarios.

There are a number of proposals which could be considered by RAN4 to mitigate such power consumption increases. For example, RAN4 could consider an extended measurement period, or reduced measurement accuracy minimum requirements when UE DRX is ongoing and ABSF is in use. We think that it would be beneficial to consider these ideas further to understand the possible options. For example, doubling the measurement period to 10 DRX cycles when ABSF is used would significantly improve the situation for power consumption. The original 5 DRX cycle measurement period for DRX in release 8 was not the outcome of rigorous system simulations, but rather it was determined by considering the conditions in which good power consumption could be obtained while meeting non DRX measurement accuracy. Even without TDM eICIC release 8 UE in DRX condition can be expected to experience a greater number of radio link failures than a non DRX UE due to the reduced mobility performance so a compromise is already made and there may well be benefit in considering further such extensions when measurement opportunities are reduced.
2.2 Serving cell and neighbour cell measurement timing
In RAN2 email discussion there have been identified cases in which serving cell and some neighbour cells might be measured without restriction, whereas other neighbour cells would need restrictions according to the indicated “Pattern 2”. The main use case for this is pico range extension, where the UE is connected to the macro cell. In this case, it may measure its macro serving cell and other macro neighbour cells without any restrictions, but it should measure any pico cells it detects only in the serving cell’s ABS, so that they are measured according to range extension principles.
Therefore, it seems that different cells may be measured at different time occasions. In a release 8 UE it is possible to measure all detected cells at quite close to the same time instants, which provides benefit in measurement relative accuracy. For example, if the receiver gain is modified between measurement samples of cell 1 and cell 2 then the UE needs to account for this in the measured RSRP and RSRQ. 

Normally, receiver gain is calibrated, so that when the UE applies a particular gain setting, it also has an estimate of the dB gain available. However, this estimate will not be completely accurate since, for example, receiver gain will be affected by temperature and other factors.
One of the significant reasons why RSRP intra frequency relative accuracy can be much better than absolute accuracy is because for relative measurements made at the same time, any uncertainty in the receiver gain affects both measurements by an equal amount, and actually receiver gain does not need to be known to determine the relative power difference between cells. If the measurements are made at different times then this is no longer true, and it will be more difficult to meet the relative accuracy requirements. Release 8 and release 9 absolute and relative accuracy requirements are shown below.
Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7
	Bands 3, 8, 12, 13, 14, 17, 20
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot ( -6 dB
	dBm
	(6 
	(9
	 -121dBm/15kHz … -70dBm/ BWChannel
	-119dBm/15kHz … -70dBm/ BWChannel
	-118dBm/15kHz … -70dBm/ BWChannel
	-120dBm/15kHz … -70dBm/ BWChannel

	RSRP for Ês/Iot ( -6 dB
	dBm
	(8
	(11
	-70dBm/ BWChannel … -50dBm/ BWChannel
	-70dBm/ BWChannel … -50dBm/ BWChannel 
	-70dBm/ BWChannel … -50dBm/ BWChannel
	-70dBm/ BWChannel … -50dBm/ BWChannel

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


Table 9.1.2.2-1: RSRP Intra frequency relative accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7
	Bands 3, 8, 12, 13, 14, 17, 20
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot > -3 dB
	dBm
	(2
	(3
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	RSRP for Ês/Iot ≥ -6 dB
	dBm
	(3
	(3
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	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.


This effect is considerably more significant for RSRP than RSRQ since gain errors in RSRQ affect both the numerator and denominator of each RSRQ measurement sample and hence tend to cancel. We note that currently intrafrequency RSRQ relative accuracy is not specified since in release 8/9 it did not make sense to compare RSRQ between different cells on the same frequency layer (since there was a common RSSI term in the RSRQ evaluation, it offers no additional information compared with RSRP within a frequency). Considering TDM eICIC where interference conditions might change and cells are measured in different interference conditions there may well be a point in comparison of RSRQ between different cells on the same frequency – for example when evaluating whether to perform a handover from a macro to a pico-cell using range expansion.

2.3 Receiver dynamic range considerations

Since TDM eICIC is designed to facilitate connection at low SNRs (for example down to -10dB)  there may be significant total power differences between normal subframes when interference is present, and ABS frames when a reduced interference is present. For example a macro UE operating in the vicinity of strong femto interference will see the total input power dominated by power from the femto at least during non ABS frames. This is a very different case from release 8/9 operation where the UE is almost always served by the strongest cell on the frequency which dominates the total signal.

From this we can see that when TDM eICIC is in use, the dynamic range seen by the UE receiver is increased.. This is fundamentally an issue for UE implementation, however RAN4 should probably consider the target minimum SNR for eICIC techniques so that consistent UE behaviour can be expected and some kind of UE demodulation test could also be considered to verify the requirement, although to an extent UE receiver dynamic range is also tested in measurement test cases and this may be sufficient.
Based on previous simulation results [2] and discussions, it seems that eICIC can operate at Es/Iot down to about -10dB.

3. Conclusions

This document has raised a number of practical considerations which we think should be accounted for in the work on TDM eICIC measurement requirements

· Limited measurement opportunities are likely to increase UE power consumption in large DRX state. RAN4 should consider carefully whether this should be mitigated by changes in the DRX performance requirements when TDM eICIC patterns are used, for example increasing measurement period or allowing reduced accuracy
· Depending on the outcome of discussions in RAN2, if different intra-frequency cells need to be measured at different times then the relative accuracy requirements should be revisited

· RSRQ intra-frequency relative accuracy requirements may need to be defined for TDM eICIC if the intention is to use RSRQ to determine interference conditions for pico range extension inbound handover.

· The SNR for which TDM eICIC is targeted is an important UE design consideration and we think that ABSF can enable operation down to about -10dB [2]. The UE support for this dynamic range can be verified either in measurement or UE demodulation test cases.
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