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1 Introduction
In RAN4#80bis we provided a discussion paper on the changes we consider necessary in 36.133 to implement measurement gap enhancements. In this paper, we provide corresponding text proposals, which could be discussed as a basis for a CR for 36.133. 
2 Discussion

1) Shorter MGL

Now that the gap length has been agreed, the introduction of shorter MGL requirements seems fairly straightforward for RAN4. Since 1 subframe is available for the shorter MGL measurement, the RSRP and RSRQ accuracy, measurement period and cell identification requirements should be the same as the corresponding requirement for legacy gap. For RSTD measurement, only 1 PRS occasion is available for the measurement. Additionally, the window for small gaps needs to be specified, and we earlier proposed a timing of ±500uS. This could be specified with the following changes in 36.133.
	>>>>>  Changes to section 8.1.2.1
UE measurement capability
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

Gap Pattern Id

Measurement Gap Length (MGL, ms)

Measurement Gap Repetition Period

(MGRP, ms)

Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
Measurement Purpose

0
6
40
60

Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x
1
6
80
30

Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x
2

3
40

60NOTE 1
Inter-Frequency E-UTRAN FDD and TDD for cells with time difference according to section TBD

3

3
80

30NOTE 1
Inter-Frequency E-UTRAN FDD and TDD for cells with time difference according to section TBD

Note 1: Although less time than this is available during a 480ms measurement period, the UE measurement requirements are the same as for gap patterns 0 and 1 as the UE is able to exploit the limited time difference to determine a smaller window for cell detection

NOTE 1:
When inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern 0 can be used. For defining the inter-frequency and inter-RAT requirements Tinter1=30ms shall be assumed. 

NOTE 2:
A measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap among MCG serving cells subframes. 

NOTE 3: 
MGL is the time from start of tuning to end of retuning, which is aligned between MCG and SCG.
NOTE 4: 
The total interruption time on SCG is 6 subframes for synchronous dual connectivity, and the total interruption time on SCG is 7 subframes for asyncrhonous dual connectivity. As shown in Figure 8.1.2.1-1, MCG subframes from i+1 to i+6 are included in total interruption time together with SCG subframes from j+1 to j+6 for synchronous dual connectivity and j+1 to j+7 for asyncrhonous dual connectivity.
NOTE 5: 
For asynchronous dual connectivity as shown in Figure 8.1.2.1-1 (b), subframe j is regarded as the subframe occurring immediately before the measurement gap for SCG, similarly, subframe j+8 is regarded as the subframe occurring immediately after the measurement gap for SCG.
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Figure 8.1.2.1-1: Measurement GAP and total interruption time on MCG and SCG

When gaps with gap pattern ID 3 or gap pattern ID 4 are configured, the UE shall be able to detect a target cell if a sub frame containing PSS/SSS begins not earlier than 500ms from the start of the measurement gap and if a sub frame containing PSS/SSS ends not later than 500ms before the end of the measurement gap. The reference point for this requirement is at the UE antenna connector.
A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter1 of 60 ms shall be assumed for the corresponding requirements.

If the UE supporting E-UTRA carrier aggregation when configured with up to four SCCs is performing measurements on cells on PCC, inter-frequency measurements, or inter-RAT measurements, and interruption occurs on PCell or any activated SCell or both due to measurements performed on cells on an SCC with a deactivated SCell according to section 8.3, then the UE shall meet the requirements specified for each measurement in Section 8 and Section 9. 

If the UE supporting E-UTRA dual connectivity when configured with a PSCell is performing measurements on cells on PCC, inter-frequency measurements, or inter-RAT measurements, then the UE shall meet the requirements specified for each measurement in Section 8 and Section 9.

A UE which indicate support for Increased UE carrier monitoring E-UTRA according to the capabilities in [2, 31] and which is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps, shall be able to monitor maximum number of layers as defined in 8.1.2.1.1.1a, and apply the MeasScaleFactor [2] defining the relaxation to the requirements for the configured carriers according to section 8.1.2.1.1a.
>>> Changes to section 9.1.10.2 interfrequency RSTD accuracy
9.1.10.2
Inter-Frequency Accuracy Requirement
The accuracy requirements in Table 9.1.10.2-1 are valid under the following conditions:

Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.

PRP 1,2|dBm according to Annex B.3.7 for a corresponding Band

There are no measurement gaps overlapping with the PRS subframes in cells belonging to the serving carrier frequency.

The parameter expectedRSTDUncertainty signalled over LPP by E-SMLC as defined in TS 36.355 [24] is less than 5 µs.
Table 9.1.10.2-1: RSTD measurement accuracy

Accuracy

Conditions

PRS Ês/Iot
Minimum PRS
bandwidth which is minimum of serving cell channel bandwidthNote7 and the PRS bandwidths of the reference cell and the measured neighbour cell i
Minimum number of available measurement subframes among the reference cell and the measured neighbour cell i
Io Note 6 range

E-UTRA operating band groups Note 8
Minimum
Io Note 1
Maximum
Io

Ts Note 2
dB

RB

dBm/15kHz Note 5
dBm/BWChannel
(21

(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB

≥ 6Note 9
4

FDD_A, TDD_A

-121

-50

FDD_B
-120.5
-50
FDD_C, TDD_C

-120
-50

FDD_D

-119.5
-50

FDD_E, TDD_E

-119

-50

FDD_F

-118.5
-50

FDD_G

-118
-50

FDD_H

-117.5
-50

FDD_N
-114.5
-50

(16

(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB

( 15 Note 9
4

Note 4

Note 4

Note 4

(10

(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB

( 25 Note 9
≥ 2

Note 4

Note 4

Note 4

(9

(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB

( 50

≥ 1

Note 4

Note 4

Note 4

(8

(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB

( 75

≥ 1

Note 4

Note 4

Note 4

NOTE 1:
This minimum Io condition is expressed as the average Io per RE over all REs in an OFDM symbol.

NOTE 2:
Ts is the basic timing unit defined in TS 36.211 [16].

NOTE 3:
PRS bandwidth is as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].

NOTE 4:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with the PRS bandwidth ≥ 6 RB.

NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 6:
The Io is defined in PRS positioning subframes. The same Io range applies to PRS and non-PRS symbols. Io levels are different in PRS and non-PRS symbols within the same subframe.

NOTE 7:
If a CA capable UE is configured with one or two SCell(s), the serving cell channel bandwidth is the minimum of the serving cell channel bandwidths in the component carriers involved in the RSTD measurement. If any of the serving cells is not involved in this RSTD measurement for CA, the channel bandwidth of that serving cell is not included in the determination of the minimum PRS bandwidth.

NOTE 8:
E-UTRA operating band groups are as defined in Section 3.5.
NOTE 9: 
Requirements for this measurement bandwidth are not specified for gap pattern ID 3 and gap pattern ID 4 



2) Per CC measurement gaps

As disused in more detail in [1], our analysis indicates that although per gap capabilities may be complicated from a capability, RF architecture and signalling perspective, the feature is rather straightforward from a RAN4 specification perspective, since it does not affect RRM performance or behaviour compared to a per UE gap pattern provided that the UE is configured with a suitable gap pattern within its capabilities. Some clarifications are definitely necessary; at the beginning of section 8.1.2.1 it is stated that if the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells, in order for the requirements in the following subsections to apply the E-UTRAN must provide a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs 
This statement would clearly need to be modified to mention the per CC capability, for example as follows

	8.1.2.1
UE measurement capability

If the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells and the UE does not support per component carrier measurement gaps, in order for the requirements in the following subsections to apply the E-UTRAN must provide a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs. If the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells and the UE supports per component carrier measurement gaps, in order for the requirements in the following subsections to apply the E-UTRAN must provide gap pattern(s) on at least each component carrier a where the UE has indicated in UE capabilities that gaps are required for concurrent monitoring of all frequency layers. The type of gap on each component carrier must be at least the type of gap that the UE has indicated in UE capabilities, Requirements for interRAT monitoring are not specified with per component carrier measurement gaps  
During the measurement gaps the UE:

-
shall not transmit any data

 -
is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and any SCell. 

-
is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell, PSCell, and SCell.
If the UE supporting dual connectivity is configured with PSCell, during the total interruption time as shown in Figure 8.1.2.1-1, the UE shall not transmit and receive any data in SCG.

In the uplink subframe occurring immediately after the measurement gap,

-
if the following conditions are met then it is up to UE implementation whether or not the UE can transmit data:
-
all the serving cells belong to E-UTRAN TDD;

-
if the subframe occurring immediately before the measurement gap is an uplink subframe. 

-
Otherwise the UE shall not transmit any data.

In determining the above UE behaviour in the uplink subframe occurring immediately after the measurement gap the UE shall treat a special subframe as an uplink subframe if the special subframe occurs immediately before the measurement gap, Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable of conducting such measurements without gaps. UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 that are relevant to its measurement capabilities. 

ProSe capable UE is allowed to perform ProSe transmissions during the measurement gaps that are not used for measurements if the requirements specified in section 8 for inter-frequency and inter-RAT measurements are fulfilled.




3) Parallel measurement gaps

Since this should be a UE capability, UEs which indicate the capability to perform parallel measurements should be identifiable from higher layer signalling. We propose the following specification change in 36.133

	When monitoring of multiple inter-frequency E-UTRAN and inter-RAT (UTRAN, GSM) using gaps (or without using gaps provided the UE supports such capability) is configured, the UE shall be capable of performing one measurement of the configured measurement type (RSRP, RSRQ, RSTD, UTRAN TDD P-CCPCH RSCP, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.) of detected cells on all the layers 

The effective total number of frequencies excluding the frequencies of the PCell and SCell being monitored is Nfreq, which is defined as:

Nfreq = Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD

where 

Nfreq, E-UTRA is the number of E-UTRA carriers being monitored (FDD and TDD)

Nfreq, UTRA is the number of UTRA carriers being monitored (FDD and TDD)

MGSM is an integer which is a function of the number of GSM carriers on which measurements are being performed. MGSM is equal to 0 if no GSM carrier is being monitored. For a MGRP of 40 ms, MGSM is equal to 1 if cells on up to 32 GSM carriers are being measured. For a MGRP of 80 ms, MGSM is equal to ceil(Ncarriers,GSM /20) where Ncarriers,GSM is the number of GSM carriers on which cells are being measured.

Nfreq, cdma2000 is the number of cdma2000 1x carriers being monitored

Nfreq, HRPD is the number of HRPD carriers being monitored

The UE may optionally indicate using higher layer signalling that it supports measurement with a lower Nfreq than Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD if it is capable of performing multiple measurements in parallel in one measurement gap. In this case, the measurement performance in the following sections is according to the Nfreq value indicated by higher layer signalling.


4) Interruption Control gaps
There are 3 use cases for interruption control gaps. Each use case will imply specification changes in RAN4.

a) Enable measurement on unused RF chains with interruption controlled on activated CC

As there are no requirements for measurements which allow interruptions today, the new requirement should not be too difficult to draft. The discussion on UE capabilities needs to mature before an exact wording can be considered, but effectively the new requirement should capture that when the UE has indicated capability to use an unused RF chain to make the measurement and the network has configured a corresponding interrupt control pattern on activated CC, the UE does not make any interruption. 

b) Enable per-CC measurement gap configuration with interruption controlled
Considerations are very similar to proposal 8. When the UE indicates that it needs interruption control gaps (exact mechanism that this will happen is TBD) and the network has provided them the UE should not make any interruptions.

c) Eliminate/reduce interruption rate due to deactivated SCell measurement

	7.8.2.6
Interruptions during measurements on SCC for inter-band CA

If the UE has not been configured with any suitable interrupt control gap pattern, PCell interruptions due to measurements on SCC when the SCell is deactivated are allowed with up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer. 
If indicated by the network using IE allowInterruptions [2] and the UE has not been configured with any suitable interrupt control gap pattern, PCell interruptions due to measurements on SCC when the SCell is deactivated are allowed with up to 0.5% probability of missed ACK/NACK regardless of the configured measCycleSCell [2].

If the UE has been configured with a suitable interrupt control gap pattern, Pcell interruptions due to measurements on SCC when the SCell is deactivated are not allowed.
Each interruption shall not exceed 1 subframe.
Similar changes are needed in other section 7.8.2.5, 7.8.2.9, 7.8.2.11, 7.8.2.12 and 7.12.2.6, changes to this section are provided as an example
…

7.8.2.13
Interruptions during interfrequency measurements with per CC measurement gap patterns

If the UE has been configured with a per component carrier measurement gap pattern for interfrequency measurements with carrier aggregation, and has indicated a need for an interruption control gap pattern on at least one component carrier and has been configured with gap pattern with ID 1,2, 4 or 5 on the component carrier(s) where an interrupt control pattern is needed, the UE shall not make any autonomous interruptions outside of the configured gap patterns.
7.8.2.6
Interruptions during measurements with unused RF chains
If the UE has indicated capability to make measurements without gaps using unused RF chains and has indicated a need for an interruption control gap pattern on at least one component carrier and has been configured with gap pattern with ID 1,2, 4 or 5 on the component carrier(s) where an interrupt control pattern is needed, the UE shall not make any autonomous interruptions outside of the configured gap patterns.
….

>>> Changes to 8.1.2.1 to add NCSG patterns
Table 8.1.2.1-2: Network controlled short gap (NCSG) Pattern Configurations supported by the UE for interruption control

Gap Pattern Id

Visible interruption length before measurement (VIL1, ms)

Measurement Length during which there is no gap (ML, ms)

Visible interruption length after measurement (VIL2, ms)

Visible interruption Repetition Period

(VIRP, ms)

 Purpose

5
1

4
1

40
Interruption control according to requirements in sections x,y,x
6
1

4
1

80
Interruption control according to requirements in sections x,y,x
…

…

…

Interruption control according to requirements in sections x,y,x
…

…

…

Interruption control according to requirements in sections x,y,x



3 Conclusions

This contribution provides text proposals for the main updates that we anticipate would be necessary in 36.133 to introduce enhanced measurement gaps. Interested companies are invited to review and comment on the proposals, as well as analysing whether further 36.133 specification impacts can be anticipated from the proposed eGap features.
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