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1 Introduction

Based on the previous way forward, it was agreed that for 3DL carrier aggregation, RSTD measurement requirements are also needed to be extended from 2DL CA to 3DL CA. RSTD measurement delay requirements can be extended directly from 2DL to 3DL CA with some clarifications. RSTD requirements under PCell change can also be extended directly from 2DL to 3DL CA with some clarifications. RSTD interruption requirements need to be extended from 2DL CA to 3DL CA. 3DL RSTD interruption requirements will be defined in a separate section, with a structure similar with the RRM requirements for the interruption caused by the measurements for deactivated SCell. Event Triggering and Reporting Criteria may need to be extended for RSTD for 3DL CA [1].
In this paper we analysis the remaining OTDOA measurement requirements for 3 DL CA. 
2 Interruption requirements for RSTD
In 3DL CA, interruptions on PCC when there is only one deactivated SCC can be directly extended from 2DL CA.  Interruptions on PCC when there are two deactivated SCCs need to be carefully evaluated.  Due to possible time offsets between PRSs on SCCs, the UE may not be able to measure PRSs on SCCs during the same measurement duration [2]. Besides, if MeasCycleSCell is greater than 640 ms, the UE may cause interruptions due to CRS measurement on SCCs for RSRP and RSRQ. As shown in figure1, since UE might not measure CRS and PRS in the same measurement duration due to UE implementation freedom, additional interruptions might occur. Because MeasCycleSCell is configured by higher layers, possible time offsets occur between CRSs measurement timing on different SCCs.   
1. PRS periodicities of SCC 1 and SCC 2 are the same.
(1) The worst case is shown in figure 1. The time offsets between CRS and PRS on SCCs are different and UE set measurement durations for CRS and PRS on different SCCs separately. Therefore, 8 subframe interruptions occur on PCC due to the measurement on SCCs. 
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Figure 1: UE set measurement durations for CRS and PRS on different SCCs separately.
(2) The existing requirements for 2 DL CA show: 
-
if the UE is configured for RSTD measurements on cells belonging to SCC with deactivated SCell and also with a measCycleSCell for performing E-UTRA carrier aggregation measurements as defined in Section 8.3 on the same SCC as configured for the RSTD measurements, then the total allowed interruption on the PCell is the maximum of the interruption due to E-UTRA carrier aggregation measurements specified in Section 7. 8 and the interruption due to the RSTD measurements on SCC.
This may indicate that the UE should measure CRS and PRS in the same measurement duration as shown in figure 2. A prolonged measurement duration which covers PRS and CRS on different SCCs will reduce interruption time to 4 subframes.
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Figure 2: UE should measure CRS and PRS in the same measurement duration.

It is noted that interruption on one SCC cause by measurement on another SCC may collide with PRS/CRS as shown in figure3. In this case, interruptions may reduce RSTD/RSRP/RSRQ measurement accuracy. The possibility of this case is approximate 1/N.
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Figure 3: Interruption and PRS/CRS collide.
 (3) UE might combine different measurement durations together as shown in figure 4. A prolonged measurement duration which covers all PRS and CRS on different SCCs will reduce interruption time to 2 subframes.
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Figure 4: UE might combine different measurement durations together.

(4) Another possible method to reduce interruptions is shown in figure 5. 1 subframe interruption is expected by combine two PRS cycles together. Furthermore, 1/K subframe interruption is expected by combine K PRS cycles together. However, this implementation might not be possible due to implementation complexity or unpredictable PRS configurations change.   
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Figure 5: UE might combine different PRS cycles together.

2. PRS periodicities of SCC 1 and SCC 2 are different. PRS periodicity for SCC 1 is 1280ms and PRS periodicity for SCC 2 is 640ms.
(5) As shown in figure 6, 6 subframe interruptions might occur. In order to decrease interruption time, UE might combine measurement durations together as case (3) or case (4).
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Figure 6: PRS periodicity for SCC 1 is 1280ms and PRS periodicity for SCC 2 is 640ms.
1 subframe interruption will immediately cause 1 ACK/NACK lost and additional 1ACK/NACK lost in the next 4 ms for the DL packet lost during the interruption. 3 DL and 4 UL subframes miss to the maximum [3][4].  The advantages and disadvantages of 3DL CA UE implementation are shown in table 1. The calculation method can be found in the annex.
Table 1. Interruption requirement for 3DL CA
	Case
	Interruption(ms)
	ACK/NACK lost (ms/%) 
	UL and DL maximum Throughput lost (ms / %)
	Average Power Saving (%)

	(1)
	8
	16 / 2.5% 

(for 640 ms)
	112  /8.75%
(for 640 ms)
	98.1%

(for 640 ms, each meas. duration 1ms)

	(2)
	4
	8 /  1.25% 
(for 640 ms)
	56 / 4.38%
(for 640 ms)
	65.6%
(for 640 ms, each meas. duration based on real time PRS time offset)

	(3)
	2
	4 /  0.625%
(for 640 ms)
	28 / 2.19%
(for 640 ms)
	 35.2 %
(for 640 ms, each meas. duration based on real time PRS time offset)

	(4)
	1
	2 /   0.31%
(for 640 ms)
	14 / 1.10%
(for 640 ms)
	Worse than (3)
(for 640 ms, each meas. duration based on real time PRS time offset)

	(5)
	6
	12 / 0.948%
(for 1280 ms)
	84 / 3.28%
(for 1280 ms)
	65.6%
(for 1280 ms, each meas. duration based on real time PRS time offset)


Proposal 1: the UE may cause interruption on the PCC due to the RSTD measurements on SCCs of up to 1.25% of missed ACK/NACK, provided that the PRS periodicity is greater than or equal to 640 ms.

3 RSTD measurement delay requirements
Proposal 2: RSTD delay requirements can be extended directly from 2DL to 3DL CA with some clarifications

4 Event Triggering and Reporting Criteria for RSTD
Proposal 3: When the UE is configured with two SCell carrier frequencies, the UE shall be capable of supporting at least 3 reporting criteria for all RSTD measurements configured to be performed on PCell carrier frequency, two SCell carrier frequencies and inter-frequency carrier.

5 Summary
In this paper we analysis the remaining OTDOA measurement requirements for 3 DL CA. The main impact seems to be on the interruption requirements due to two deactivated SCCs.   
Proposal 1: the UE may cause interruption on the PCC due to the RSTD measurements on SCCs of up to 1.25% of missed ACK/NACK, provided that the PRS periodicity is greater than or equal to 640 ms.

Proposal 2: RSTD delay requirements can be extended directly from 2DL to 3DL CA with some clarifications

Proposal 3: When the UE is configured with two SCell carrier frequencies, the UE shall be capable of supporting at least 3 reporting criteria for all RSTD measurements configured to be performed on PCell carrier frequency, two SCell carrier frequencies and inter-frequency carrier.
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7 Annex
Case (2) Power Saving Time

Assuming measurement timing of PRS/CRS is uniform distribution. Measurement time on each PRS and CRS is c ms. As shown in table 2 and table 3, random variable X1 is the beginning subframe number of the CRS on SCC 1. Random variable Y1 is the beginning subframe number of the PRS on SCC 1. N is the number of subframe with in 
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Table 2: Beginning subframe number X of the CRS on SCC 1
	X1
	1
	2
	...
	N

	P
	1/N
	1/N
	...
	1/N


Table 3: Beginning subframe number Y of the PRS on SCC 1
	Y1
	1
	2
	...
	N

	P
	1/N
	1/N
	...
	1/N


Assuming X1, X2, Y1, Y2 are all independent. |X1-Y1|is a random variable which indicates the possible time offsets between CRS and PRS on SCC 1 as shown in table 4. The expected value of power saving duration on SCC1 can be calculated using table 4.
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Table 4: PRS and CRS time offset on SCC1
	|X1-Y1|
	0
	1
	...
	L
	...
	N-c-2

	P
	1/N
	2(N-1)/N2
	...
	2(N-L)/N2
	...
	2/N2

	Power consuming time in SCC1
	2+c
	2+c+1
	...
	2+c+L
	...
	N


Given 
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， c=1ms.  The expected value of power saving time on SCC1 is approximately 423 ms.  In case (2), measurement on SCC1 and SCC2 act independently. Therefore, the total power saving is 846 ms out of 1280 ms. The power saving percentage is 65.6%. 
Case (3) Power Saving Time

The measurement duration length in this case is maximum subframe number among PRS/CRS on SCCs minus minimum subframe number among PRS/CRS on SCCs.
Case (5) Power Saving Time
The expected power saving is the same with case (2) for SCC 1.
PAGE  
1

_1473508657.vsd
PCC


Meas.
CRS&PRS


Deactivated


Deactivated


SCC 1


SCC 2


Interruption Time


1ms


1ms


L1 ms


Meas.
CRS&PRS


Deactivated


Deactivated


1ms


1ms


L2 ms


PCC


CRS


PRS


CRS


PRS



_1473509150.vsd
PCC


Deactivated


Deactivated


SCC 1


SCC 2


Interruption Time


1ms


1ms


L1 ms


Meas.
CRS & PRS


Deactivated


Deactivated


1ms


1ms


L2 ms


Meas.
CRS & PRS


PCC


PRS


PRS



_1473515983.unknown

_1473516038.unknown

_1473515898.unknown

_1473509048.vsd
PCC


Meas. Duration


Deactivated


Deactivated


Meas. Duration


Deactivated


Deactivated


1ms


1ms


L ms


SCC 1


SCC 2


Interruption Time


1ms


1ms


L ms


PCC


PRS


PRS


CRS


CRS



_1473490088.vsd
PCC


SCC 2


Interruption Time


Meas.
CRS & PRS


Deactivated


Deactivated


1ms


1ms


L ms


Meas.
CRS&PRS


Deactivated


Deactivated


Meas.
CRS& PRS


1ms


1ms


C ms


Deactivated


SCC 1


1ms


1ms


C ms


PCC



_1473490232.vsd
PCC


SCC 2


Meas.


Deactivated


SCC 2


Deactivated


Interruption Time


1ms


1ms


Meas.


Deactivated


Deactivated


L ms


1ms


1ms


L ms


PRS


PRS


PRS


PRS


PCC



_1473488909.vsd
1ms


1ms


C1 ms


PCC


Meas.
CRS


Deactivated


Deactivated


Meas.
PRS


1ms


1ms


C2 ms


Deactivated


SCC 1


1ms


1ms


C1 ms


Meas.
CRS


Deactivated


Deactivated


Meas.
PRS


1ms


1ms


C2 ms


Deactivated


SCC 2


Interruption Time


PCC



