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1 Introduction

In RAN4 #63AH meeting an initial discussion on UE interruption requirements in SCC RSTD measurements with deactivated SCell is triggered in [1].

The requirement for packet drops due to the interruption looks like a compromise between system performance and UE battery saving. However, current requirement of packet drops only concentrate on the RSRP/RSRQ measurement for CA. Similarly, RSTD measurement also has such kinds of interruption issues when UE reconfigures the receiver bandwidth to measure PRS on an SCC with deactivated SCell. 
In this contribution, we provide the analysis on interruption due to the SCell RSTD measurement, specially on the case that both RSRP/RSRQ and RSTD measurements are carried out, and the text proposal is attached in the annex.
2 Interruption requirement for RSTD measurement
2.1 RSTD measurements on PCC 
No extra requirement need to be considered.
2.2 RSTD measurements on SCC
TPRS is the cell-specific positioning subframe configuration period as defined in 3GPP TS 36.211, and TPRS can be equal to 160/320/640/1280ms. It is similar as measCycleSCell for SCell measurement. The receiver need to be reconfigured to a wider bandwidth for RSTD measurement on SCC with deactivated SCell. Based on analysis in [2], it is also proposed here that the breakpoint between the small and large RSTD measurement cycles should be 640ms, i.e. the measurement cycle lower that 640ms should be regarded as “small measurement cycle”, because it would be the median of the measurement cycles.
The requirements of interruptions due to the SCell activation status changing were specified in RAN4. As analyzed in [1], the interruption requirements in RSTD measurement can be specified in the same way as that in RSRP/RSRQ measurement in TS36.133 section 8.3.3.2.1 and section 8.3.3.2.2 for when no common DRX is used and when common DRX is used respectively.  

When no common DRX is used, the UE requirement for SCell measurement can be reused for RSTD measurment as (different terms are highlighted in yellow),
A UE may reconfigure receiver bandwidth taking into account the SCell activation/deactivation status, and when making RSTD measurements of cells on an SCC with deactivated SCell. This may cause interruptions (packet drops) to a PCell when the PCell and the SCell belong to the adjacent component carriers in the same frequency band. Such interruptions due to making RSTD measurements are allowed with up to 0.5% probability of missed ACK/NACK when the PRS periodicity is larger than or equal to 640 ms. Otherwise, no interruptions shall be allowed. The requirement considers only missed ACK/NACK due to reconfiguration of the receiver bandwidth, and not due to other causes such as RF impairments or channel conditions. No interruptions due to the SCell activation/deactivation status changes shall be allowed at least when PRS periodicity is smaller than 640 ms. When PRS periodicity is larger than or equal to 640 ms, interruption duration due to the SCell activation/deactivation status change shall not exceed 5 ms within the activation/deactivation procedure.
When common DRX is used, the UE requirement for SCell measreuement can be reused for RSTD measurment as (different terms are highlighted in yellow),
A UE may reconfigure receiver bandwidth taking into account the SCell activation/deactivation status, and when making RSTD measurements of cells on an SCC with deactivated SCell. This may cause interruptions (packet drops) to a PCell when the PCell and the SCell belong to the adjacent component carriers in the same frequency band. No interruptions while the On Duration timer is running shall be allowed when common DRX is used. The requirement considers only interruptions due to reconfiguration of the receiver bandwidth, and not due to other causes such as RF impairments or channel conditions.
Thus, for RSTD measurement on SCC with deactivated SCell, our proposal can be drawn as,
Proposal1: Interruption requirements for RSTD measuerments on SCC with deactivated SCell can be specified in the same way as the interruption requirements for RSRP/RSRQ measurements on SCC with deactivated SCell.
2.3 RSTD measurement on both PCC and SCC
If RSTD measurement is performed on both PCC and SCC with deactivated SCell, the interruption requirement also depends on the PRS periodicity length on SCC. Thus the interruption requirment in section 2.2 can be reused here.
Proposal2: Interruption requirements for RSTD measuerment on both PCC and SCC with deactivated SCell can be specified in the same way as the interruption requirements for RSRP/RSRQ measurements on SCC with deactivated SCell.
2.4 No impact on current test cases
The RSTD measurement reporting test cases were designed in TS36.133, and the DRX is set as ‘ON’ in all tests. The requirement of probability of missed ACK/NACK is appropriate in case of continuous DL data allocation when no common DRX is used. However, in the existing test cases, the DRX configuration is as follows,
Table 1. DRX configuration for RSTD measurement test cases

	Field
	Value
	 Comment

	onDurationTimer
	psf1
	As specified in 3GPP TS 36.331, Section 6.3.2

	Drx-InactivityTimer
	psf1
	

	drx-RetransmissionTimer
	sf1
	

	longDRX-CycleStartOffset
	sf320
	

	shortDRX
	Disable
	


It is evident that the data transmitted to UE in DRX cycle is far less than non DRX case, and therefore it makes no sense to test interruption requirement when common DRX is used. So there is no impact on the current test cases for RSTD measurement in CA. 
However, when no common DRX is used it is FFS whether it is necessary to introduce such kind of test cases for interruption requirement testing and from which specification release to introduce these test cases if possible.
Proposal3:The current test cases of RSTD measurement for CA will not be impacted.

3 Combined interruption requirement for RSRP/RSRQ and RSTD measurement on same SCC with deactivated SCell
Both RSRP/RSRQ measurement and RSTD measurement may be carried out in one measuerment cycle (RSRP/RSRQ measurement cycle or PRS period), so the interruption will be introduced by both RSRP/RSRQ measuerment on  deactivated SCell and RSTD measuerment on  deactivated SCell. In the following subsections, different cases are analyzed based on the specific measurement cycle.
3.1 Case 1 : If TPRS = measCycleSCell
If SCC RSTD/RSRP/RSRQ measurement period is shorter than 640ms, no packet drop shall be allowed. 

If SCC RSTD or RSRP/RSRQ measurement period is not shorter than 640ms and the SCC PRS periodicity (TPRS) equals to the SCell RSRP/RSRQ measurement cycle (measCycleSCell), there are two subcases as illustrated in the following figures,
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Figure 1. Case 1-1 and case1-2 : If SCell TPRS = measCycleSCell
· Case1-1

If the RSTD measurement and RSRP/RSRQ measurement for deactivated SCell are taken place at same time or adjacently in the time domain as shown in figure 1, UE may reconfigure receiver bandwidth only one time for making both RSTD and RSRP/RSRQ measurement in order to save UE power consumption. In this subcase packet drop requirement is same as the case when only one kind of measurement is taken place in section 2.
· Case1-2

If the RSTD measurement and RSRP/RSRQ measurement for deactivated SCell are taken place far away from each other in the time domain as shown in figure 1, firstly UE may reconfigure receiver bandwidth one time for RSTD measurement, and then secondly tuning back on PCC, and then thirdly reconfigure receiver bandwidth another time for RSRP/RSRQ measurement, which may cause extra packet drop compared with the case when only one kind of measurement is taken place. In this subcase packet drop is doubled including interruption due to RSTD measurement plus interruption due to RSRP/RSRQ measurement, compared with the case when only one kind of measurement is taken place in section 2. 
As discussed in [2], it is stated that the requirement of less than 0.5% could minimize the degradation of the on-going Pcell/activated Scell service quality from operators’ and network vendors’ perspective. Actually, the RSRP/RSRQ measurement behavior depends on UE implementation as the CRS is available in each downlink subframe. However, PRS is only transmitted in certain positioning subframes indicated by positioning server. Thus there may be some options for UE to guarantee 0.5% packet drop to Pcell, e.g. (1) perform RSRP/RSRQ measurement on the subframes near the PRS subframes in time domain to avoid redundant tuning/retuning, which exploit UE flexibility on RSRP/RSRQ measurement; (2) keep the receiver bandwidth covering the PCC and SCC to avoid redundant tuning/retuning if RSTD and RSRP/RSRQ measurement are performed on the same SCC with de-activated Scell. 
Thus regarding both UE implementation complexity and network performance loss, we propose to use the packet drop requirement as PCell packet drop probability≤0.5% if PRS periodicity or measCycleSCell is not shorter than 640ms.
3.2 Case 2 : If TPRS < measCycleSCell
If SCC RSTD/RSRP/RSRQ measurement period is shorter than 640ms, no packet drop shall be allowed.
If SCC RSTD or RSRP/RSRQ measurement period is not shorter than 640ms, the SCC PRS periodicity (TPRS) is shorter than the SCell RSRP/RSRQ measurement cycle (measCycleSCell), there are two subcases as illustrated in the following figures,
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Figure 2. Example case 2-1 and case2-2 : If SCell TPRS < measCycleSCell
· Case2-1

If the one RSTD measurement within measCycleSCell and RSRP/RSRQ measurement for deactivated SCell are taken place at same time or adjacently in the time domain as shown in figure 2, UE may reconfigure receiver bandwidth only one time for making the first RSTD occasion measurement and RSRP/RSRQ measurement in order to save UE power consumption. i.e. one interruption time can be shared by the first RSTD measuerment and RSRP/RSRQ measurement. 
· Case2-2

If the one RSTD measurement within measCycleSCell and RSRP/RSRQ measurement for deactivated SCell are taken place far away from each other in the time domain as shown in figure 2, firstly UE may reconfigure receiver bandwidth one time for RSTD measurement, and then secondly tuning back on PCC, and then thirdly reconfigure receiver bandwidth another time for RSRP/RSRQ measurement.  
Similar as analysis in case1, regarding both the UE implementation complexity and network performance loss, we propose to use the packet drop requirement as PCell packet drop probability≤0.5% if if PRS periodicity or measCycleSCell is not shorter than 640ms.
3.3 Case 3 : If TPRS > measCycleSCell
If RSTD/RSRP/RSRQ measurement period is shorter than 640ms, no packet drop shall be allowed. 
If RSTD or RSRP/RSRQ measurement period is not shorter than 640ms, case 3 is similar as case2, and regarding both the UE implementation complexity and network performance loss, we propose to use the packet drop requirement as PCell packet drop probability≤0.5%.
3.4 Combined Interruption Requirement

From the case1, 2 and 3, the interruption requirement for both RSTD and RSRP/RSRQ measurement on SCC with de-activated SCell can be summarized as,

Proposal4:
If both RSTD measurement and E-UTRA carrier aggregation measurement in Section 8.3.3 are configured on the same SCC with deactivated SCell for the UE, the interruptions on PCell are allowed with up to 0.5% probability of missed ACK/NACK when the PRS periodicity on SCC or measCycleSCell is larger than or equal to 640 ms.
4 Conclusions

In this contribution, we further analyze the interruption requirement due to reconfiguration of the receiver bandwith for RSTD measurement in CA. Similar with the interruption requirement in RSRP/RSRQ measurement for CA, the interruption requirement in RSTD measurement for CA also needs to be specified.
Proposal1: Interruption requirements for RSTD measuerments on SCC with deactivated SCell are similar with the interruption requirements for RSRP/RSRQ measurements on SCC with deactivated SCell.
Proposal2: Interruption requirements for RSTD measuerment on both PCC and SCC with deactivated SCell are also similar with the interruption requirements for RSRP/RSRQ measurement on SCC with deactivated SCell.
Proposal3:The current test cases of RSTD measurement for CA will not be impacted.
Proposal4: If both RSTD measurement and E-UTRA carrier aggregation measurement in Section 8.3.3 are configured on the same SCC with deactivated SCell for the UE, the interruptions on PCell are allowed with up to 0.5% probability of missed ACK/NACK when the PRS periodicity on SCC or measCycleSCell is larger than or equal to 640 ms.
The test proposal is attached in the annex.
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<UNCHANGED SECTIONS OMITTED>

8.4
OTDOA RSTD Measurements for E-UTRAN carrier aggregation

8.4.1
Introduction

This section contains RSTD measurement requirements on UE capabilities for support of E-UTRA carrier aggregation. Requirements in this section are applicable to all carrier aggregation capable UE which have been configured with one downlink SCell. Non-configured frequencies may be measured with measurement gaps according to the requirements in section 8.1.2.6, i.e., E-UTRAN inter-frequency RSTD measurement period applies. Requirements in this section are applicable for both FDD and TDD.
8.4.2
Measurements on the primary component carrier
The RSTD measurements on cells belonging to the primary component carrier shall meet all applicable requirements (FDD or TDD) specified in section 8.1.2.5, i.e., E-UTRAN intra-frequency RSTD measurement period applies.
The RSTD measurement accuracy for all the measurements on the primary component carrier shall be fulfilled according to the accuracy as specified in the sub-clause 9.1.12.
If the PCell is changed, regardless whether the primary component carrier is changed or not while the RSTD measurements are being performed on cells belonging to the primary component carrier, then the UE shall complete the ongoing OTDOA measurement session. In case of change of the primary component carrier, the requirements shall apply only if the primary component carrier is swapped with the currently configured secondary component carrier. The UE shall also meet the OTDOA measurement and accuracy requirements for the primary component carrier. However in this case the total RSTD measurement period (
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 is the time during which the RSTD measurement may not be possible due to PCell change; it can be up to 25 ms,
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corresponds to the E-UTRAN intra-frequency RSTD measurement period as specified in section 8.1.2.5.
8.4.3
Measurements on the secondary component carrier

The RSTD measurements when all cells are on the configured secondary component carrier shall meet all applicable requirements (FDD or TDD) specified in section 8.1.2.5, i.e., E-UTRAN intra-frequency RSTD measurement period applies, regardless of whether the Scell on the corresponding frequency is activated or deactivated by the MAC-CE commands as specified in [17].
The RSTD measurement accuracy for all the measurements on the secondary component carrier shall be fulfilled according to the accuracy as specified in the sub-clause 9.1.12.
A UE may reconfigure receiver bandwidth taking into account the SCell activation/deactivation status, and when making RSTD measurements of cells on an SCC with deactivated SCell. This may cause interruptions (packet drops) to a PCell when the PCell and the SCell belong to the adjacent component carriers in the same frequency band. The interruption requirement considers only missed ACK/NACK due to reconfiguration of the receiver bandwidth, and not due to other causes such as RF impairments or channel conditions.
If no common DRX is in use, interruptions due to making RSTD measurements are allowed with up to 0.5% probability of missed ACK/NACK when the PRS periodicity is larger than or equal to 640 ms. Otherwise, no interruptions shall be allowed. 
If both RSTD measurement and E-UTRA carrier aggregation measurement in Section 8.3.3 are configured on the same SCC with deactivated SCell for the UE, the interruptions on PCell are allowed with up to 0.5% probability of missed ACK/NACK when the PRS periodicity on SCC or measCycleSCell is larger than or equal to 640 ms.
No interruptions while the On Duration timer is running shall be allowed when common DRX is used. 
If the PCell is changed, regardless whether the primary component carrier is changed or not while the RSTD measurements are being performed on cells belonging to the secondary component carrier, then the UE shall complete the ongoing OTDOA measurement session. In case of change of the primary component carrier, the requirements shall apply only if the primary component carrier is swapped with the currently configured secondary component carrier. The UE shall also meet the OTDOA measurement and accuracy requirements for the secondary component carrier. However in this case the total RSTD measurement period (
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 is the time during which the RSTD measurement may not be possible due to PCell change; it can be up to 25 ms,
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 corresponds to the E-UTRAN intra-frequency RSTD measurement period as specified in section 8.1.2.5.

8.4.4
Measurements on both primary component carrier and secondary component carrier
The RSTD measurements of cells on both primary component carrier and configured secondary component carrier shall meet all applicable requirements (FDD or TDD) specified in section 8.1.2.6, i.e., E-UTRAN inter-frequency RSTD measurement period applies regardless of whether the SCell on the corresponding frequency is activated or deactivated by the MAC-CE commands as specified in [17], with the following exceptions 

-
the number of PRS positioning occasions is as specified in Table 8.4.4-1 shall apply, and
-
TDD uplink-downlink subframes configurations as specified in Section 8.1.2.5.2, Table 8.1.2.5.2-2 shall apply.
Table 8.4.4-1: Number of PRS positioning occasions within measurement period
	Positioning subframe configuration period 
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	Number of PRS positioning occasions 
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	160 ms
	32

	>160 ms
	16


The RSTD measurement accuracy for all the measurements on both primary component carrier and the secondary component carrier shall be fulfilled according to the accuracy as specified in the sub-clause 9.1.12.
The interruption requirements in section 8.4.3 also apply for this section. 
If the PCell is changed regardless whether the primary component carrier is changed or not while the RSTD measurements are being performed on cells belonging to both the primary component carrier and the secondary component carrier then the UE shall complete the ongoing OTDOA measurement session. In case of change of the primary component carrier, the requirements shall apply only if the primary component carrier is swapped with the currently configured secondary component carrier. The UE shall also meet the OTDOA measurement and accuracy requirements for the primary and secondary component carrier. However in this case the total RSTD measurement period (
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 is the time during which the RSTD measurement may not be possible due to PCell change; it can be up to 25 ms,
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 corresponds to the E-UTRAN intra-frequency RSTD measurement period as specified in section 8.1.2.6 with the exception that the number of PRS positioning occasions is as specified in Table 8.4.4-1.
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