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Introduction
RAN4 has been discussing dense PRS gap for Rel.15 eMTC UE, including the actual gap patterns, handling of the legacy RRM gap in the presense of the new dense gap, and any impact to RRM/RLM requirement.

In the last RAN4 meeting, the way-forward [1] was agreed to capture the agreement and open issues for dense PRS gap. In this paper, we discuss the remaining open issues in dense PRS gap for eMTC.
Discussion
RSTD measurement gap pattern
In the last meeting, there has been a few MGL values proposed by companies, including 10, 14, 24, 32, 54, 60, and 80. Generally, shorter MGLs are derived to meet the NPRS_TOTAL in FDD and longer MGLs are to meet the same for TDD or when multiple PRS configurations were provided. One open issue is that whether UE should be able to use longer gaps than the minimum MGL for NPRS_TOTAL. In our view, such behaviour should be allowed. While RAN4 agreed that NPRS_TOTAL number of PRS subframe is sufficient to meet the minimum accuracy requirement while satisfying the RSTD measurement delay requirement, the network in practice may configure NPRS larger than NPRS_TOTAL so that UE can observe more PRS subframes per occasion and complete the RSTD measurement in a reduced session time (delay). RAN4 test case for RSTD measurement accuracy may be designed not to allow more than NPRS_TOTAL number of PRS subframes per occasion, but the core requirement should not preclude the use of larger MGL than NPRS_TOTAL to ensure the flexibility in the RSTD measurement. 
Proposal 1. MGL of the RSTD measurement gap is given by {10, 14, 24, 32, 60}.
Proposal 2. UE should be allowed to use larger MGL than NPRS_TOTAL depending on the actual PRS configuration.
Next, regarding the MGRP, RAN4 agreed that for any given MGL, the MGRP should be chosen such that MGL/MGRP is less than 0.15 [1]. Considering the possible set of TPRS values that can be configured by the network, the following MGRP values may be considered for the RSTD measurement gap.
Proposal 3. Consider MGRP of the following values for the RSTD measurement gap.
Table 1. MGRP candidates for RSTD measurement gap
	MGRPRSTD
	MGLRSTD constraint
	MGRPLEGACY constraint

	80
	≤ 12
	40

	160
	≤ 24
	40 or 80

	320
	≤ 48
	40 or 80

	640
	≤ 96
	40 or 80

	1280
	≤ 192
	40 or 80


Handling of legacy measurement gap 
Regarding the handling of legacy measurement gap in the presence of the new dense PRS gap, the following way-forward was agreed [1].
	· FFS whether legacy measurement gap patterns can be used in parallel with new gaps, choose between options:
· Option 1: using the earlier configured leagacy 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



In our view, the option 2 should be adopted to ensure the acceptable RRM performance during the on-going positioning session as discussed in [2]. Note that MGRP for the dense PRS gap is no smaller than MGL*0.15 based on the last agreement [1], which means for a larger MGL size of 60ms the PRS gaps is spaced at least as sparse as 400ms and can be even sparser under large TPRS such as 1280ms. When we adopt the option 1 and let UE solely rely on the PRS gap for RRM measurement, such sparser RRM measurement may impact the UE’s mobility performance. Furthermore, considering that not every PRS gap occasion may be available for RRM measurement due to the gap sharing with the RSTD measurement, the actual RRM measurement could be even more infrequent in the option 1.
Observation 1. The RSTD measurement gap could be much sparser than the legacy measurement gap. 
Observation 2. UE’s RRM performance during on-going positioning session could be degraded when UE has to use the RSTD measurement gaps for RRM measurement.
Proposal 4. Legacy measurement gap should be used in parallel with PRS gap during on-going positioning session.
When UE is configured with both legacy RRM measurement gap and the new RSTD measurement gap, it is desirable to minimize the overall gap overhead by aligning the gap offset across the two gap configurations as in Figure 1. The rules can be defined such that the legacy RRM measurement gap occasion is overriden by the RSTD measurement gap occasion whenever the two overlaps.



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.

Proposal 5. RSTD measurement gap offset is aligned with the legacy measurement gap. The RSTD measurement gap occasion overrides the legacy measurement gap occasion whenever the two collide.
RRM requirement 
Regarding the new gap and RRM measurement, the following way-forward was agreed [1].
	· 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



RSTD measurement gap is supposed to be configured only during the on-going positioning session. Considering that the additional RSTD measurement gap increases overall gap overhead in the network, it is desirable to complete the RSTD measurement as early as possible. Using some of the RSTD measurement occasion for RRM measurement may increase the overall positioning session time. To this end, our view is that RSTD measurement gap should be used only for RSTD measurement purpose. Provided that the proposal 1 is agreeable, UE’s RRM measurement can be done using the legacy measurement gap.
Proposal 6. The RSTD measurement gap is used only for RSTD measurement, and not for RRM purpose. 
Since some of the legacy measurement gap occasion becomes unavailable when colliding with the RSTD measurement gap, the existing RRM requirement such as cell identification delay and measurement delay should be scaled according to the reduced RRM measurement opportunity. For a given gap configuration of {MGRPLEGACY, MGLLEGACY} and {MGRPRSTD, MGLRSTD} for the legacy and RSTD measurement gap, the number of the legacy measurement gap occasions overriden by one RSTD measurement gap occasion is given by α = ceil(MGLRSTD/MGRPLEGAGY). Since such overriding happens every MGRPRSTD period, overall relative reduction in the gap occasion for RRM measurement is given by   where K = MGRPRSTD / MGRPLEGACY. Therefore, the relaxation factor KRSTD_M1_NC can be given by  .
Proposal 7. Relaxation factor in the intra/inter-frequency cell identification and measurement delay in the presence of the RSTD measurement gap is given by , 
where K = MGRPRSTD/MGRPLEGACY > 1 is the RSTD measurement gap periodicity in the unit of the MGRP of the legacy measurement gap, and α = ceil(MGLRSTD/MGRPLEGACY) is the number of the legacy measurement gap occasions decimated by one RSTD measurement gap occasion.
RLM requirement 
L1 measurement for RLM for CatM1 UE can be performed as frequent as every 10ms. When a RSTD measurement gap of larger MGL is configured, the number of L1 measurement available within each evaluation period can be reduced substantially. For instance, when MGL of 60ms is used with MGRP of 400ms for the RSTD measurement gap, there could be up to 15 (4034) to 20% (2014) of reduction in the L1 measurement opportunity for each out-of-sync and in-sync evaluation period, respectively. Furthermore, even for the cases with rmax*G ≥ 80, G>1, and no PDSCH scheduling, any MPDCCH search space colliding with the RSTD measurement gap may not be used for L1 measurement for RLM. Considering these, our view is that RLM requirement should be relaxed when UE is configured with the RSTD measurement gap.
Proposal 8. RLM requirement should be relaxed when UE is configured with RSTD measurement gap.

Conclusions
[bookmark: _GoBack]In this paper, we discussed the remaining open issues in dense PRS gap for eMTC. List of observations and proposals in this paper are summarized as follows.

Proposal 1. MGL of the RSTD measurement gap is given by {10, 14, 24, 32, 60}.
Proposal 2. UE should be allowed to use larger MGL than NPRS_TOTAL depending on the actual PRS configuration.
Proposal 3. Consider MGRP of the following values for the RSTD measurement gap.
Table 1. MGRP candidates for RSTD measurement gap
	MGRPRSTD
	MGLRSTD 
	MGRPLEGACY 

	80
	≤ 12
	40

	160
	≤ 24
	40 or 80

	320
	≤ 48
	40 or 80

	640
	≤ 96
	40 or 80

	1280
	≤ 192
	40 or 80



Proposal 4. Legacy measurement gap should be used in parallel with PRS gap during on-going positioning session.
Proposal 5. RSTD measurement gap offset is aligned with the legacy measurement gap. The RSTD measurement gap occasion overrides the legacy measurement gap occasion whenever the two collide.
Proposal 6. The RSTD measurement gap is used only for RSTD measurement, and not for RRM purpose. 
Proposal 7. Relaxation factor in the intra/inter-frequency cell identification and measurement delay in the presence of the RSTD measurement gap is given by , where K = MGRPRSTD/MGRPLEGACY > 1 is the RSTD measurement gap periodicity in the unit of the MGRP of the legacy measurement gap, and α = ceil(MGLRSTD/MGRPLEGACY) is the number of the legacy measurement gap occasions decimated by one RSTD measurement gap occasion.
Proposal 8. RLM requirement should be relaxed when UE is configured with the RSTD measurement gap.
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