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Introduction
RAN4 discussed the new gaps for RSTD measurement in RAN4 #86 meeting, and the following way-forward [1] was agreed. 
	· More than one new measurement gap pattern are introduced to support dense PRS
· FFS wether the same gap patterns can be used for both FDD and TDD
· The new measurement gap patterns are specified in 36.133
· Gap pattern ID is signalled to the UE
· New measurement gap patterns are characterized by:
· MGL > 6
· MGL not longer than the number of PRS subframes needed to meet RSTD requirements + 2 subframes for switching
· MGL/MGRP < X, X is TBD
· UE may indicate a preferred measurement gap pattern ID
· A measurement gap pattern with a longer MGL may be indicated for CEModeB and a shorter MGL for CEModeA
· RAN4 to discuss and specify applicable requirements also for UE configured with both a measurement gap pattern for RRM measurements and a new measurement gap pattern for RSTD measurements
· RAN4 to discuss the impact of new measurement gap patterns on RLM



In this contribution, we propose new RSTD measurement gap patterns for eMTC UE and discuss the corresponding implication to the RRM/RLM requirement. 
RSTD Measurement Gap - FDD
Per TS36.133, the minimum Nprs required to achieve the RSTD accuracy requirement and the presumed side conditions of Es/Iot and the PRS muting patterns is summarized in Table 2.1.
Table 2.1 Minimum Nprs for RSTD accuracy/delay requirement and the corresponding side conditions 
	PRS RB
	CE mode A
	CE mode B

	6
	12
	30

	24
	4
	8



In the last RAN4 #86 meeting, RAN4 agreed not to introduce the gap pattern for every possible NPRS, TPRS combination, and only define a minimum number of sets that is sufficient to meet the RSTD requirement [1]. Considering additional 2ms for RF switching, a MGL set of {10, 14, 32} is sufficient to cover the different Nprs requirement across the different coverage levels and PRS bandwidth in FDD.
Proposal 1. For FDD, define three RSTD measurement gap of MGL = {10, 14, 32}.
Configuring non-overlapping RSTD measurement gap and regular LTE measurement gap may lead to the undesirably small number of downlink subframes available for the serving cell. For instance, when MGL of 32ms is configured non-overlapping with 6ms measurement gap with MGRP of 40ms, UE may tune away from the serving cell most of the time, leaving only few subframes, e.g., 2ms out of 40ms, for RRM/RLM of the serving cell. To avoid such scenario, RSTD measurement gap can be always configured to include the legacy measurement gap, i.e., the gap offset of RSTD measurement gap to be the same as the legacy measurement gap. Note that this is in line with the legacy UE behavior without the dense PRS where UE would use the regular LTE gap of MGL 6ms to measure up to four PRS subframes, thus effectively consuming one gap occasion for the RSTD measurement. Figure 1 shows an example of RSTD/RRM gap offset alignment for different RSTD measurement gap MGL and MGRP.
Proposal 2. RSTD measurement gap offset to be aligned with the legacy measurement gap. RSTD measurement gap occasion overrides the legacy measurement gap occasion.



Figure 1. Gap alignment example of RSTD (orange) and legacy (white) measurement gap with (MGL,MGRP)=(6ms, 40ms) for legacy gap and (MGL, MGRP) = (14ms, 80ms) (top), and (60ms, 320ms) (bottom) for RSTD measurement gap.
MGRP of the RSTD measurement gap can be chosen as an integer multiple of MGRP of the legacy measurement gap, i.e., MGRPRSTD = K*MGRPlegacy. In the legacy measurement gap, the worst-case gap overhead is 15% (6ms out of 40ms). It is desirable to maintain the similar overhead ratio for RSTD measurement gap to minimize the impact to the serving cell related RRM/demodulation operations. For instance, MGRP can be set to 80ms or larger for MGL = {10, 14}, and 160ms or larger for MGL = {32}. 
When configuring MGRP of RSTD measurement gap K times larger than that of the legacy measurement gap, the number of the legacy measurement gap occasions available for inter-frequency measurement and/or intra-frequency measurement that requires a gap is scaled down by a factor of (K-1)/K. Note that K being equal to one potentially means that all of the available measurement gap occasions could be consumed by the RSTD measurement, leaving no gaps for the RRM measurement. To avoid such scenario, K can be set to be strictly larger than 1. Table 2.2 shows the minimum value of K, larger than 1, for different MGL and MGRP of the legacy measurement gap.
Table 2.2 Minimum MGRP scaling factor K (>1) for RSTD measurement gap to ensure less than 20% gap overhead (MGLRSTD/MGRPRSTD)
	
	MGLRSTD=10
	MGLRSTD=14
	MGLRSTD=32

	MGRPlegacy = 40ms
	2
	2
	4

	MGRPlegacy = 80ms
	2
	2
	2



Note that under the proposed MGRP and MGL, and the gap alignment between the legacy and RSTD measurement gap, the relaxation formula in the intra/inter-frequency cell identification and measurement delay in the presence of the RSTD measurement can be revised accordingly. In the current TS36. 133, the delay scaling factor of KRSTD_M1/2_NC is given by 

										(Eq.1)
where TPRS is the PRS transmission periodicity defined by TS36.211, and NPRS is the number of consecutive downlink PRS subframes as configured by high layer. Furthermore, TPRS should be larger than 40ms and NPRS for the formula to be valid, and KRSTD_M1/2_NC = 1 (no relaxation) otherwise. Under the proposed MGRP of the RSTD measurement gap, KRSTD_M1/2_NC can be revised as
 												(Eq.2)
where K is the MGRP ratio between the RSTD measurement gap and the legacy measurement gap,  MGRPRSTD/MGRPlegacy, and α = ceil(MGLRSTD/MGRPlegacy) specifies the number of legacy measurement gap occasion that may fall into one RSTD measurement gap length.

Proposal 3. MGRP for the RSTD measurement gap is no smaller than max (80ms, 2*MGRPlegacy) for MGL = {10,14}.
Proposal 4. MGRP for the RSTD measurement gap is no smaller than max (160ms, 2* MGRPlegacy) for MGL = 32.
Proposal 5. Scaling factor in the intra/inter-frequency cell identification and measurement delay in the presence of the RSTD is revised as  where K = MGRPRSTD/MGRPlegacy > 1, and α = ceil(MGLRSTD/MGRPlegacy).
RSTD Measurement Gap - TDD
Since the PRS can be transmitted only in a downlink subframe, the number of actual PRS subframes within a MGL can vary depending on actual ULDL config. In the worst-case scenario of ULDL config 0, there are only two downlink subframes in each radio frame, and among those two downlink subframe, the PRS transmission in the subframe 0 is further punctured by PBCH and SSS transmission. Below Table 2.2 summarizes the number of PRS subframes not including the subframe 0 that can be present within MGL values of {10, 14, 32}. In general, ensuring the same number of valid PRS subframes within the RSTD measurement gap in TDD requires much larger MGL compared to FDD, and designing MGL based on the sparse downlink subframe patterns of ULDL config 0, 1, and 6 may result in a prohibitively large RSTD measurement gap duration.  Therefore, we propose to define MGL based on the minimum Nprs subframe available in ULDL config = 2, 3, 4, 5. In the same Table 2.2, also presented are two additional MGL values under which the TDD ULDL configuration of 2 to 5 can guarantee the minimum number of the PRS subframes of 12 and 30 required for CE mode A and B in case of 6-PRB PRS transmission.
Table 2.2 Maximum number of PRS subframes within RSTD measurement gap in TDD (except PRS subframes on SF0)
	TDD uplink/downlink config
	MGL=10
	MGL=14
	MGL=32
	MGL=24
	MGL=60

	0
	1
	2
	3
	3
	6

	1
	3
	5
	9
	8
	18 Note 1

	2
	5
	7
	15 Note 1
	12 Note 1
	30 Note 2

	3
	5
	7
	15 Note 1
	12 Note 1
	30 Note 2

	4
	6
	8
	18 Note 1
	14 Note 1
	36 Note 2

	5
	7
	9
	21 Note 1
	16 Note 1
	42 Note 2

	6
	2
	3
	6
	5
	12 Note 1

	Note 1: Satisfying minimum Nprs for CE mode A RSTD accuracy requirement
Note 2: Satisfying minimum Nprs for CE mode A/B RSTD accuracy requirement



MGRP of the RSTD measurement gap for TDD can be defined in a way similar to FDD to ensure the overall gap overhead, MGLRSTD/MGRPRSTD, does not deviate much from the 15% of the legacy measurement gap.
Proposal 6. On top of MGL={10, 14, 32} in FDD, additionally define the MGL of {24, 60} in TDD
Proposal 7. MGRP of the RSTD measurement gap for MGL = 24 and 60 is given by no smaller than 160ms and 320ms, respectively.
DensePRSConfig UE capability
Per 36.355, the UE capability of densePRSConfig specifically means that UE is capable of supporting Nprs = {1, 2, 4, 6, 10, 20, 40, 80, 160}, and no other values. Therefore, the network may have to configure some Nprs value larger than MGL in order to ensure the PRS subframes are available throughout the entire RSTD measurement gap. For instance, for MGL = 14, the smallest Nprs value that can ensure PRS subframe availability throughout the measurement gap is 20, which leads to 6 out of 20 PRS subframes being wasted as they cannot be measured by UE. For the similar reason, configuring Nprs of 80ms or 160ms could be largely wasted since the Cat.M1/M2 UE may be able to measure only a small fraction of the configured PRS subframes for inter-frequency cells. Given that RAN4 will not specify the RSTD measurement gap pattern for every possible Nprs configuration, it is desirable to associate the new Nprs values with densePRSConfig UE capability to minimize the wasteful PRS transmission. 
[bookmark: _GoBack]Proposal 8. Extend the Nprs values associated with the densePRSConfig UE capability as {1, 2, 4, 6, 10, 14, 20, 24, 30, 40, 80, 160}.
Impact on RLM Requirement
In the current RLM requirement, the evaluation period for Qin and Qout can be as small as 200ms and 400ms, respectively. When the UE is configured with the RSTD measurement gap, the overall number of the downlink subframes available for evaluating the serving cell quality within the evaluation period can be substantially decreased. Therefore, it is reasonable to relax the evaluation period so that UE’s decision is not affected/biased by the insufficient measurement. Instead of defining the relaxation factor for individual MGL/MGRP pairs, we propose to relax the evaluation period by a constant factor, KRSTD_RLM. The value of KRSTD_RLM should be able to ensure the similar number of the downlink subframes available during the evaluation period regardless of the presence of the RSTD measurement gap. The detailed value of the scaling factor can be further discussed.
Proposal 9. Evaluation period for radio link monitoring to be relaxed by a constant factor KRSTD_RLM during the period where UE is configured with the RSTD measurement gap. Detailed value is FFS.

Conclusion
In this contribution, we proposed the new RSTD measurement gap patterns for eMTC UE based on the WF agreed in the last RAN4 #86 meeting [1] and discussed the corresponding implication to the RRM/RLM requirement. Summary of the proposals in this paper can be found below.
Proposal 1. For FDD, define three RSTD measurement gap of MGL = {10, 14, 32}.
Proposal 2. RSTD measurement gap offset to be aligned with the legacy measurement gap. RSTD measurement gap occasion overrides the legacy measurement gap occasion.
Proposal 3. MGRP for the RSTD measurement gap is max (80ms, 2*MGRPlegacy) for MGL = {10,14}.
Proposal 4. MGRP for the RSTD measurement gap is max (160ms, 2* MGRPlegacy) for MGL = 32.
Proposal 5. Scaling factor in the intra/inter-frequency cell identification and measurement delay in the presence of the RSTD is revised as  where K = MGRPRSTD/MGRPlegacy > 1, and α = ceil(MGLRSTD/MGRPlegacy).
Proposal 6. On top of MGL={10, 14, 32} in FDD, additionally define the MGL of {24, 60} in TDD
Proposal 7. MGRP of the RSTD measurement gap for MGL = 24 and 60 is given by 160ms and 320ms, respectively.
Proposal 8. Extend the Nprs values associated with the densePRSConfig UE capability as {1, 2, 4, 6, 10, 14, 20, 24, 30, 40, 80, 160}.
Proposal 9. Evaluation period for radio link monitoring to be relaxed by a constant factor KRSTD_RLM during the period where UE is configured with the RSTD measurement gap. Detailed value is FFS.
Reference
[1] R4-1803147, “WF on measurement gaps for dense PRS,” Ericsson, Huawei, HiSilicon, RAN4 #86, Feb 2018
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