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1 Introduction

In RAN4 #58AH meeting, the RSRP intra-frequency relative accuracy and RSRQ intra-frequency absolute accuracy under time domain measurement resource restriction have been defined in [1], which can be listed as follows: 
Table 1: RSRP Intra frequency relative accuracy under time domain measurement resource restriction

	Parameter
	Unit
	Accuracy [dB]
	Conditions1,2,3

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43
	Bands 2, 5, 7
	Bands 3, 8, 12, 13, 14, 17, 20
	Band 9, 41

	
	
	
	
	Io
	Io
	Io
	Io

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

	RSRP for Ês/Iot ≥ [-4] 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.
Note 3. Io is defined over REs in subframes indicated by the time domain measurement resource restriction pattern configured for performing RSRP measurements of this cell.


Table 2: RSRQ Intra frequency absolute accuracy under time domain measurement resource restriction

	Parameter
	Unit
	Accuracy [dB]
	Conditions1,2

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43
	Bands 2, 5, 7
	Bands 3, 8, 12, 13, 14, 17, 20
	Bands 9, 41

	
	
	
	
	Io
	Io
	Io
	Io

	RSRQ when RSRP Ês/Iot ≥ [TBD] dB
	dBm
	( 2.5 
	( 4 
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	RSRQ when RSRP Ês/Iot ≥ [-4] dB
	dBm
	( 3.5 
	( 4
	-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. Io is defined over REs in subframes indicated by the time domain measurement resource restriction pattern configured for performing RSRQ measurements of this cell.


As shown in Table 1 and Table 2, the side condition for the higher level Es/Iot is still undetermined, and it needs further study and consideration in eICIC scenario.
Therefore, in this contribution, we give some simulation results for the RSRP intra-frequency relative accuracy under eICIC, and the RSRQ intra-frequency absolute accuracy under eICIC. Based on the simulation results, we analyze the impacts from different side conditions for the relative accuracy. Finally, we propose an available side condition value for Es/Iot for both RSRP intra-frequency relative accuracy and RSRQ Intra frequency absolute accuracy in eICIC. 
2 Discussion
2.1 Side Condition for RSRP relative accuracy
Firstly, the Delta RSRP performances under AWGN for Rel-8 and Rel-9 are shown in Figure 1. Note that, the Delta RSRP=Estimated RSRP – Ideal RSRP.
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Figure 1. The Delta RSRP under AWGN for single cell  
For the TS 36.133 [2], the requirements in Table 9.1.2.2-1are defined based on the simulation for AWGN case. According to Figure 1, when Es/Iot=-6dB, the relative RSRP accuracy is about 1.5dB, therefore, the implementation margin is nearly 1.5dB according to the (3dB requirement. When Es/Iot=-3dB, the relative RSRP accuracy is about 1.1dB, thus, the implementation margin is nearly 0.9dB according to the (2dB requirement. 
Therefore, if the Delta RSRP under AWGN in eICIC scenario can fulfill the R8/R9 requirement based on the same implementation margin, we can confirm that whether the side condition is available or not. Thus, the Delta RSRP performances under AWGN with 5dB and 10dB interference utilizing non-MBSFN ABS for eICIC scenario are shown in Figure 2 and Figure 3, respectively.
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Figure 2. The Delta RSRP under AWGN with 5dB interference, non-MBSFN ABS, non-CRS colliding
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Figure 3. The Delta RSRP under AWGN with 10dB interference, non-MBSFN ABS, non-CRS colliding
In both Figure 2 and Figure 3, we analyze the Delta RSRP performance under different serving SNR from -4dB to -1dB; moreover, the CRS between the two cells is not collided. Therefore, the serving cell SNR is equal to the Es/Iot under this case.
Focus on Figure 2, when Es/Iot=-4dB, the relative RSRP accuracy under eICIC is about 1.35dB, if 1.1dB of implementation margin is added, it can also fulfill the current (3dB requirement. For the Es/Iot=-3dB, -2dB, and -1dB, the relative RSRP accuracies under eICIC are 1.1dB, 1.05dB, 1dB respectively. If 0.9dB implementation margin is added, the performances under all the side condition for Es/Iot (-3dB, -2dB, -1dB) will satisfy the current (2dB accuracy. Similar with Figure 2, the results in Figure 3 also reveals the same trend. Even the implementation margin is added and the SNR of interference cell is 10dB, the performances under all the side condition for Es/Iot (-3dB, -2dB, -1dB) will satisfy the current (2dB accuracy.
Moreover, for the CRS colliding case, the Delta RSRP performances under AWGN with 5dB and 10dB interference utilizing MBSFN ABS for eICIC scenario are shown in Figure 4 and Figure 5, respectively.
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Figure 4. The Delta RSRP under AWGN with 5dB interference, MBSFN ABS, CRS colliding
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Figure 5. The Delta RSRP under AWGN with 10dB interference, MBSFN ABS, CRS colliding
Based on these figures, we can summarize the results in Table 1.

Table 1. The simulation results for the intra-frequency RSRP relative accuracy in eICIC
	Serving cell SNR
	Intra frequency RSRP relative accuracy in eICIC

	
	Non-MBSFN ABS (non-CRS colliding)
	MBSFN ABS (CRS colliding)

	
	I: 5dB
	I: 10dB
	Satisfy?
	I: 5dB
	I: 10dB
	Satisfy?

	-4dB
	1.35dB
	1.4dB
	Yes
	1.4dB
	1.4dB
	Yes

	-3dB
	1.1dB
	1.1dB
	Yes
	1.2dB
	1.2dB
	Not Sure

	-2dB
	1.05dB
	1.05dB
	Yes
	1.1dB
	1.1dB
	Yes

	-1dB
	1dB
	1dB
	Yes
	1dB
	1dB
	Yes


Based on Table 1, we can see that, when the serving SNR is -3dB, and the MBSFN ABS is utilized, the RSRP relative accuracy can be not sure to fulfill the current (2dB requirement if the same implementation margin is added compared with R8/R9. 

Furthermore, we should consider this problem in another aspect. In simulations, if the non-colliding CRS is assumed, that the measured CRS will be absolutely clean. However, in actual networks, taking some possible power leakage from the CRS of neighbour cell into account, the measured CRS can be not absolutely clean even in the non-CRS colliding case, therefore, another margin for power leakage should be considered in actual networks. Thus, if the Es/Iot keeps the same as -3dB for the higher level RSRP relative accuracy, it will be also too tight from this view. Moreover, the if the Es/Iot set as -1dB, it will be too relax, because the serving SNR under eICIC scenario is 2dB higher than that of R8/R9 case, and the Delta RSRP performance is decreased nonlinearly when the SNR increases based on the simulations. Therefore, the [-2]dB is an available side condition for RSRP relative accuracy in eICIC scenario.
Proposal1. The higher side condition Es/Iot for RSRP intra-frequency relative accuracy in eICIC scenario should be set as [-2]dB.
2.2 Side Condition for RSRQ absolute accuracy
Similar with RSRP, we give our RSRQ simulation results shown in Figure 6-Figure 10, respectively. Note that, the Delta RSRQ=Estimated RSRQ – Ideal RSRQ.

Seen from Figure 6, when Es/Iot=-6dB, the absolute RSRQ accuracy is about 2.05dB, therefore, the implementation margin is nearly 1.45dB according to the (3.5dB requirement. When Es/Iot=-3dB, the absolute RSRQ accuracy is about 1.2dB, thus, the implementation margin is nearly 1.3dB according to the (2.5dB requirement. The simulation results of other cases under eICIC are summarized in Table 2. 
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Figure 6. The Delta RSRQ under AWGN for single cell
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Figure 7. The Delta RSRQ under AWGN with 5dB interference, non-MBSFN ABS, non-CRS colliding
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Figure 8. The Delta RSRQ under AWGN with 10dB interference, non-MBSFN ABS, non-CRS colliding
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Figure 9. The Delta RSRQ under AWGN with 5dB interference, MBSFN ABS, CRS colliding
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Figure 10. The Delta RSRQ under AWGN with 10dB interference, MBSFN ABS, CRS colliding
Table 2. The simulation results for the intra-frequency RSRQ absolute accuracy in eICIC
	Serving cell SNR
	Intra frequency RSRQ absolute accuracy in eICIC

	
	Non-MBSFN ABS (non-CRS colliding)
	MBSFN ABS (CRS colliding)

	
	I: 5dB
	I: 10dB
	Satisfy?
	I: 5dB
	I: 10dB
	Satisfy?

	-4dB
	1.65dB
	2.05dB
	Yes
	2dB
	3dB
	Yes

	-3dB
	1.4dB
	1.75dB
	Not Sure
	1.7dB
	2.6dB
	No

	-2dB
	1.2dB
	1.5dB
	Yes
	1.35dB
	2.2dB
	Yes

	-1dB
	1.05dB
	1.35dB
	Yes
	1.2dB
	1.8dB
	Yes


Seen from Table 2, it can be seen that, if we taking the implementation margin as R8/R9 into account, when the normal ABS is utilized, the RSRQ absolute accuracy will be not satisfied, i.e., when interference is 5dB (Suggest this is typical scenario than that of 10dB interference case according to the side condition of cell search), and the serving cell SNR is -3dB, the RSRQ absolute accuracy is 1.4dB+1.3dB(margin) > (2.5dB. For the MBSFN ABS case, when the interference is 10dB, the RSRQ absolute accuracy can not be fulfilled even if the implementation margin is not considered. Therefore, from the RSRQ perspective, the side condition of -3dB is not available yet. And for the RSRQ absolute accuracy when Es/Iot=-2dB, all the cases satisfy the current requirements.
Just as Rel-8 and Rel-9, the breakpoints of RSRQ intra-frequency absolute accuracy are followed by the RSRP intra-frequency relative accuracy. Therefore, the following side condition is proposed for RSRQ:
Proposal2. The higher side condition Es/Iot for RSRQ intra-frequency absolute accuracy in eICIC scenario should be set as [-2]dB.
3 Conclusion
This contribution provides preliminary considerations for the undecided side condition Es/Iot for RSRP intra-frequency relative accuracy and RSRQ intra-frequency absolute accuracy. The following two  proposals are obtained:
Proposal1. The higher side condition Es/Iot for RSRP intra-frequency relative accuracy in eICIC scenario should be set as [-2]dB.
Proposal2. The higher side condition Es/Iot for RSRQ intra-frequency absolute accuracy in eICIC scenario should be set as [-2]dB.
Based on these proposals, a text proposal is given in section 5, and a CR in R4-113446 is provided. 
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5 Text Proposal
9.1.2.4
Relative Accuracy of RSRP under Time Domain Measurement Resource Restriction

The requirements for relative accuracy of RSRP in this section shall apply to a cell on the same frequency as that of the serving cell when a time domain measurement resource restriction pattern for performing RSRP measurements for this cell is configured by higher layers [2].

The accuracy requirements in Table 9.1.2.4-1 are valid under the following conditions:

Cell specific reference signals in the measured cell are transmitted either from one, two or four antenna ports,

Conditions defined in 36.101 Section 7.3 for reference sensitivity are fulfilled,

RSRP1,2|dBm( -127 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43,
RSRP1,2|dBm( -126 dBm for Bands 9, 41,

RSRP1,2|dBm( -125 dBm for Bands 2, 5, 7, 

RSRP1,2|dBm( -124 dBm for Bands 3, 8, 12, 13, 14, 17, 20,

The time domain measurement resource restriction pattern configured for the measured cell indicates at least one subframe per radio frame for performing the RSRP measurement,

Table 9.1.2.4-1: RSRP Intra frequency relative accuracy under time domain measurement resource restriction

	Parameter
	Unit
	Accuracy [dB]
	Conditions1,2,3

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43
	Bands 2, 5, 7
	Bands 3, 8, 12, 13, 14, 17, 20
	Band 9, 41

	
	
	
	
	Io
	Io
	Io
	Io

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

	RSRP for Ês/Iot ≥ [-4] 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.
Note 3:
Io is defined over REs in subframes indicated by the time domain measurement resource restriction pattern configured for performing RSRP measurements of this cell.


9.1.5.2
Absolute RSRQ Accuracy under Time Domain Measurement Resource Restriction 

The requirements for absolute accuracy of RSRQ in this section shall apply to a cell on the same frequency as that of the serving cell when a time domain measurement resource restriction pattern for performing RSRQ measurements of this cell is configured by higher layers [2].

The accuracy requirements in Table 9.1.5.2-1 are valid under the following conditions:

Cell specific reference signals in the measured cell are transmitted either from one, two or four antenna ports,

Conditions defined in 36.101 Section 7.3 for reference sensitivity are fulfilled,

RSRP|dBm( -127 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43,
RSRP|dBm( -126 dBm for Bands 9, 41,

RSRP|dBm( -125 dBm for Bands 2, 5, 7,

RSRP|dBm( -124 dBm for Bands 3, 8, 12, 13, 14, 17, 20,

The time domain measurement resource restriction pattern configured for the measured cell indicates at least one subframe per radio frame for performing the RSRQ measurement,

The RSRQ measurement is not performed in any subframe other than those indicated by the time domain measurement resource restriction pattern configured for the measured cell.
Table 9.1.5.2-1: RSRQ Intra frequency absolute accuracy under time domain measurement resource restriction

	Parameter
	Unit
	Accuracy [dB]
	Conditions1,2

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43
	Bands 2, 5, 7
	Bands 3, 8, 12, 13, 14, 17, 20
	Bands 9, 41

	
	
	
	
	Io
	Io
	Io
	Io

	RSRQ when RSRP Ês/Iot ≥ [-2] dB
	dBm
	( 2.5 
	( 4 
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	RSRQ when RSRP Ês/Iot ≥ [-4] dB
	dBm
	( 3.5 
	( 4
	-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:
Io is defined over REs in subframes indicated by the time domain measurement resource restriction pattern configured for performing RSRQ measurements of this cell.
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