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1. Introduction
In RAN4#58AH and following email discussions a CR for measurement accuracy was technically endorsed[1]. One outstanding issue, also reflected in the agreements in [2] 
· Whether it is necessary for the applicability of the relative accuracy requirements that both cells are measured at the same time; other scenarios are for further studies.

2. Discussion

The issue with relative accuracy of cells that need to be measured at different times is that there is more uncertainty in the UE knowledge of its own receiver gain setting. If the cells being compared for relative accuracy are measured at the same instant then any uncertainty in receiver gain affects both measured results, meaning that the error cancels. This can be seen by comparing the intra-frequency relative and absolute RSRP accuracy for release 8/9

Table 1: RSRP Intra frequency absolute accuracy [3]
	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43
	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 2: RSRP Intra frequency relative accuracy [3]
	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43
	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.


Since it is rather likely that a receiver employs gain switching in the RF front end (eg LNA switching), even changing the receiver input level by a small amount may trigger some reconfiguration of the gain stages in RF and create additional uncertainty in the measurements. Since the interference conditions may be quite different at the times that serving and neighbour cells are measured if they are measured on different subframes, there can be a change in input signal level of 5-10dB between the different measurement subframes.

Noting that the absolute accuracy of RSRP is significantly worse than the relative accuracy of RSRP, our view is that it is not technically feasible to meet the requirements in table 2, which were also reused in eICIC measurements with a restriction configured [1]. It should be emphasised that one of the basic assumptions which was used to derive release 8/9 RF implementation margins is no longer valid in this case.

Hence there are two questions which could be asked by RAN4:

· What accuracy requirement would be realistic for the case where cells cannot be measured at the same time?

· What are the use cases for different serving and neighbour cell patterns?

Considering these questions in turn, the measurements become similar to absolute measurements if they cannot be performed at the same time. The obvious starting point for defining accuracy is the absolute accuracy requirements and indeed it is difficult to see any other basis for defining the accuracy between measurements that are performed at different times.
Proposal 1: If RAN4 defines accuracy requirements for the case where there are no common subframes between the serving and neighbour measurement pattern, RSRP relative accuracy shall be similar to intra-frequency RSRP absolute accuracy.

Considering the use cases for different serving and neighbour measurement restrictions, we first considered the needed measurement restrictions for release 10 scenarios which have been discussed in earlier RAN2 email discussions.

Figure 1 shows the macro-pico scenario which RAN2 considered for CRE

[image: image1.emf]Serving Macro Cell

(using ABSs)

Pico Cell

Macro UE

Pico

’

s protected 

resources

Pico Cell

Macro Cell

No restriction


Figure-1: macro-pico case: RRM measurement for neighbour cells
And there are two different formulations of resource restrictions in [4], which are arise from ways of looking at the similar information – table 1 considers more from a deployment scenario, whereas table 2 is a more UE centric view where cells are characterised according to whether they cause significant interference rather than being of specific types.

Table-1:
Necessary measurement resource restrictions
	Meas. resource restriction
	Pattern 1
	Pattern 2

	Cell types
	Serving cell measurement and RLM
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	Case 1) PUE
	Subset of Macro’s ABS

a) in section 2.1
	No resource restriction
	Subset of Macro’s ABS (*1)
	No resource restriction

	Case 2) MUE out of femto’s coverage (free from femto’s interference)
	No resource restriction needed
	No resource restriction
	Subset of Macro’s ABS

b) in section 2.1 
	No resource restriction

	Case 3) MUE in femto’s coverage (Subject to interference from femto) 
	Subset of Femto’s ABS

c) in section 2.1
	Subset of Femto’s ABS (*2)
	Subset of Femto’s ABS (*3)
	No resource restriction


*1)
This addresses overlapping pico’s CRE. The UE is able to measure neighbour pico’s weak signal that could interfere with the serving pico cell signal.
*2)
This addresses mobility between macros within femto’s coverage

*3)
This allows the UE to identify the best serving cell (i.e. it can be a macro or a pico cell). Note that RAN2 concluded that it is not essential to support pico CRE within femto’s coverage in release-10.
*4)
In scenarios where multiple cells are source of interference, the “Subset of Macor’s/Femto’s ABS” in the table can be intersection of interfering cells’ ABS.
Table 2:Pattern 2 measurement restrictions proposed by some companies in [4] 

	Meas. resource restriction
	Pattern 1
	Pattern 2

	Cell to be measured
	Serving cell measurement and RLM
	Measurement of neighbour cells that implement range extension
	Measurement of neighbour cells that do not implement range extension

	No significant interference from neighbour cell
	No resource restriction needed
	Serving cell’s ABS
	No resource restriction needed

	Significant interference from neighbour cell
	Interferer’s ABS
	Interferer’s ABS
	Interferer’s ABS


Looking at the rows in these tables, we conclude that for Rel’10, there is no case in which a pattern 1 and pattern 2 both need to be configured, and which results in a different necessary pattern for pattern 1 and pattern 2.
Based on this previous analysis in RAN2, we do not see an obvious use case in release 10 for pattern 1 and pattern 2 to be configured such that the UE would need to make serving and neighbour measurements at different times. We think that before RAN4 concludes on a need for requirements where serving cell and neighbour cell are measured at different times, the use case should be understood, especially as the achievable accuracy in this case will not be as good as for the case where cells are measured at the same time and gain uncertainties cancel out. 

Proposal 2: First RAN4 should understand the use case for measurement patterns where serving and neighbour cells can only be measured at different times before defining requirements for this case.
In relation to this proposal, it should be noted that certain scenarios such as supporting pico CRE within a femto’s coverage have been concluded as not necessary to support in release 10 by RAN2. It is important that RAN4 requirements and RAN2 signalling are defined in a consistent manner; in other words there would be no point in defining release 10 requirements for a use case that is not fully supported by release 10 signalling.
3. Conclusions
In this contribution, we highlight the additional challenges in measurement accuracy when the UE measures cells at different times. This has been mentioned previously, for example in [4] and [5]. In this contribution we further discuss the gain uncertainties which may occur when the UE performs the different measurements eg. with LNA on and off. As such, we believe that the achievable relative accuracy for the case where measurements are made at different times is in a similar order to the absolute accuracy requirement, especially if the RAN4 requirements would be applicable to the case where there can be an arbitrary difference in input level, Io, between the measurement opportunities.
We also reviewed existing material to determine the use case for non-overlapping patterns 1 and 2. Based on previous analysis from RAN2 email discussions we have not identified such a use case, and we think it would be important that this use case is identified before requirements are defined. It is important that RAN4 requirements for release 10 eICIC are developed in a consistent manner to the RAN2 signalling for measurement restriction. Especially considering that RAN2 has defined a single restriction pattern for neighbour meaurements, which is either applicable or else no restrictions apply, we should be careful to ensure that RAN4 requirements are aligned with the use cases that signalling can support.
We make the following proposals for the completion of the work.

Proposal 1 : If RAN4 defines accuracy requirements for the case where there are no common subframes between the serving and neighbour measurement pattern, RSRP relative accuracy shall be similar to intra-frequency RSRP absolute accuracy.

Proposal 2 : First RAN4 should understand the use case for measurement patterns where serving and neighbour cells can only be measured at different times before defining requirements for this case.
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