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1 Introduction
In RAN4#86bis, the following agreements were made [1]:
· On new gaps and RSTD measurements:
· A new measurement gap pattern is configured for UE that requires such gaps for performing RSTD measurements configured via LPP
· Impact on RSTD requirements:
· The existing UE Cat M1 and Cat M2 accuracy requirements for RSTD measurements in gaps shall also apply with the new gaps
· RAN4 to check whether the existing UE Cat M1 and Cat M2 measurement period requirements (generically formulated with respect to MGL and MGRP) for RSTD measurements in gaps also apply with the new gaps
· On new and legacy measurement gap patterns:

· FFS whether legacy measurement gap patterns can be used in parallel with new gaps, choose between options:
· Option 1: using the earlier configured legacy gaps shall be suspended during the RSTD measurement period (while new gaps are used) and resumed after the RSTD measurements are complete (when new gaps are no longer used)
· Option 2: the legacy gaps may be used during the RSTD measurement period, in parallel with new gaps (the details are FFS)
· FFS gap alignment between legacy measurement gap and new RSTD measurement gap
· On new gaps and RRM measurements:
· New measurement gap patterns shall not be requested if UE is not configured with RSTD measurements via LPP
· FFS using the new gaps (when configured for RSTD) for RRM during the RSTD measurement period, choose between options:
· Option 1: new gaps shall not be used for RRM measurements
· Option 2: new gaps may be used for RRM measurements, under certain conditions (conditions FFS)
· Impact on RRM requirements:
· RAN4 to discuss the impact of new gaps on RRM requirements, including intra-frequency and inter-frequency RRM requirements
· On the new measurement gap patterns:
· The new measurement gap pattern configurations are to be specified assuming X=0.15 (MGL/MGRP < X [R4-1803147])
· Other rules are not precluded

In RAN4#87, RAN4 agreed on:

· CR [2] introducing measurement gaps for dense PRS,

· CR [3] with RSTD measurement requirements updates accounting for dense PRS,
· LS [4] to RAN2, and

· WF [5].
In this contribution, we discuss the remaining details for the new gaps for dense PRS configurations.
2 Discussion
RAN4 has agreed to define more than 1 new measurement gap patterns in TS 36.133 to support dense PRS, but the following details still need to be decided:
· Applicability rules for the new measurement gap patterns,
· Impact of using new measurement gap patterns on RLM requirements,

· Applicable requirements for UE requesting new gaps for RSTD based on dense PRS while being configured with legacy gaps.
2.1 Applicability conditions for the new measurement gap patterns

In [2], RAN4 agreed on a list of new measurement gap patterns, but the applicability conditions are remaining TBD. In Table 1 below we propose the applicability rules for these nee measurement gap patterns. The proposed applicability rules are based on the existing requirements and a basic principle to minimize the number of wasted gap subframes. Also, it is noted that longer measurement patterns are needed for some TDD configurations or when multiple PRS configurations are configured per cell.
Currently, at least the following total numbers of PRS subframes (NPRS_Total) are necessary for RSTD measurements performed by Cat M1 and Cat M2 UEs:

Normal coverage:

· 1.4 MHz: 12

· 5 MHz: 4

Enhanced coverage:

· 1.4 MHz: 30

· 5 MHz: 8

· Proposal 1: Applicability rules for the new measurement gap patterns are specified according to Table 1.

	Gap Pattern Id
	Measurement Gap Length

(MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Applicability

	rstd0
	10
	80
	Note 5;

Note 3 + Note 7



	rstd1
	10
	160
	

	rstd2
	10
	320
	

	rstd3
	10
	640
	

	rstd4
	10
	1280
	

	rstd5
	14
	160
	Note 2;

Note 5 + Note 6;
Note 3 + Note 7



	rstd6
	14
	320
	

	rstd7
	14
	640
	

	rstd8
	14
	1280
	

	rstd9
	24
	320
	Note 2 + Note 6;
Note 5 + Note 7

	rstd10
	24
	640
	

	rstd11
	24
	1280
	

	rstd12
	32
	320
	Note 4;
Note 2 + Note 7

	rstd13
	32
	640
	

	rstd14
	32
	1280
	

	rstd15
	54
	640
	Note 4 + Note 6

	rstd16
	54
	1280
	

	rstd17
	64
	640
	Note 4 + Note 7

	rstd18
	64
	1280
	

	rstd19
	80
	640
	Note 4 + Note 7

	rstd20
	80
	1280
	

	NOTE 1:
Measurement gap patterns rstd0─rstd20 can only be configured for RSTD measurements requiring such gaps and used during the RSTD measurement period corresponding to these measurements.

NOTE 2: For PRS bandwidth 1.4 MHz in CE Mode A (for both FDD and TDD with single PRS configuration per cell, unless combined with Note 6 or Note 7).
NOTE 3: For PRS bandwidth 5 MHz in CE Mode A (for both FDD and TDD with single PRS configuration per cell, unless combined with Note 6 or Note 7).
NOTE 4: For PRS bandwidth 1.4 MHz in CE Mode B (for both FDD and TDD with single PRS configuration per cell, unless combined with Note 6 or Note 7).
NOTE 5: For PRS bandwidth 5 MHz in CE Mode B (for both FDD and TDD with single PRS configuration per cell, unless combined with Note 6 or Note 7).
NOTE 6: For TDD configurations 0, 1, 2, and 6 only.
NOTE 7: When a cell is measured based on two or more PRS configurations separated by no more than [4] subframes, for both FDD and TDD.


2.1.1 Further details on multiple PRS configurations
The UE can be configured with multiple PRS configurations and one or more PRS configurations may further be dense PRS. The existing gap patterns are not suitable for the UE to perform RSTD measurements configured with multiple PRS configurations, especially if at least one of them is dense PRS. Gaps with longer MGL are defined for UEs configured with multiple PRS. The UE should be able to request such gaps, provided the PRS occasions corresponding to the multiple PRS configurations are not too much separated in time (i.e., X is small in Figure 1 such as ≤4 subframes).


[image: image1]
Figure 1. A longer measurement gap is requested to cover two positioning occasions of different PRS configurations.
2.2 Impact of using new measurement gap patterns on RLM

In [5], the following was agreed for RLM:

· When the UE is configured with new measurement gaps for RSTD measurements, the UE shall also perform RLM. If there is no overlap between the new measurement gaps and configured MPDCCH subframes for UE monitoring, the UE shall meet the existing requirements; otherwise, the out-of-sync and in-sync evaluation periods can be longer than currently defined in 36.133
The above agreement, however, has not been yet captured in TS 36.133, which is now captured in the draft CR [8].
2.3 UE procedures with the new measurement gaps
If only a new measurement gap pattern is configured for a UE, then the measurement gap procedure and handling is similar to the legacy, i.e., the UE configured with RSTD measurements via LPP and requiring measurement gaps for these measurements, will indicate its need for the gaps to the serving eNodeB which will then decide and configure a measurement gap for the UE. When the UE does not need any more the gaps for positioning, i.e., when the RSTD measurements requiring the gaps are completed, the UE would set the rstd-InterFreqIndication to ‘stop’ and inform the network, after which the UE would stop using the gaps. The impact of these gaps on other UE operations would be like as if the gaps would be configured for any other purpose. Also, since in LTE the same gap pattern can be used for RSTD and inter-frequency/inter-RAT RRM measurements, it is straightforward that in legacy a single gap pattern shall always be configured and used at a time and this is easy to ensure too.
However, when a UE is requesting or using new measurement gaps for RSTD, it may be already using legacy measurement gaps. The following options have been agreed in [1]:
· Option 1: using the earlier configured legacy gaps shall be suspended during the RSTD measurement period (while new gaps are used) and resumed after the RSTD measurements are complete (when new gaps are no longer used)

· Option 2: the legacy gaps may be used during the RSTD measurement period, in parallel with new gaps (the details are FFS)

Option 2 modifies the legacy UE behavior (Cat M1 and Cat M2 UE cannot be generally configured with multiple gap patterns). Furthermore, UE RRM performance will be degraded if the legacy pattern will be used in parallel to the new gap patterns. Therefore, Option 1 is preferred.
· Proposal 2: Option 1 applies: the old measurement gap pattern is suspended when the new measurement gap pattern is configured but can continue after the RSTD measurements are complete. 

· Proposal 3: It is clarified in TS 36.133 that the measurement period may be longer for RRM measurements if during the measurement period the UE is configured with one of the new measurement gap patterns for RSTD measurements.
2.4 Summary 

The following have been proposed in this contribution:
· Proposal 1: Applicability rules for the new measurement gap patterns are specified according to Table 1.

· Proposal 2: Option 1 applies: the old measurement gap pattern is suspended when the new measurement gap pattern is configured but can continue after the RSTD measurements are complete. 

· Proposal 3: It is clarified in TS 36.133 that the measurement period may be longer for RRM measurements if during the measurement period the UE is configured with one of the new measurement gap patterns for RSTD measurements.

Draft CRs are provided in [6] and [7].
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