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Discussion and decision
1 Introduction
At RAN2#116-e some progress has been made on the R17-WID objective “Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps” [1] and many agreements have been reached and this paper proposes how to progress one open issues [2]:
	RAN2#116-e agreements:

· FFS: Whether to support an indication from the UE that it starts/ stops performing measurement


Other open issues have been further discussed during the post RAN2#116-e email discussion [6] of which some have considerable consensus but there are still some issues that need further discussion, and these are listed below.

	R2-2200028 [6]:

Proposal 2
RAN2 discuss whether the RRC_CONNECTED state reference level is derived by taking the RRC_IDLE state reference level and adjusted by nrs-PowerOffsetNonAnchor for the connected mode carrier.
Proposal 3
If upon entry to RRC_CONNECTED state UE is not in relaxed neighbour cell monitoring state then timer TsearchDeltaP restarted with the RRC_CONNECTED state timer value.
Proposal 4
If upon entry to RRC_CONNECTED state UE is in relaxed neighbour cell monitoring state then timer TsearchDeltaP is not started.

One company while agreeing with question but propose some stage 3 description which Rapportuer considers is inline with the starting of TsearchDeltaP timer upon entering RRC_CONNECTED state.
Proposal 5
In RRC_CONNECTED state UE exits relaxed neighbour cell monitoring state then timer TsearchDeltaP is started with the RRC_CONNECTED timer value (i.e., when Srxlevref-C  -  Srxlev >= sSearchDeltaP).


2 Discussion
2.1 Assistance information from UE

RAN4 has been discussing how to support inter-frequency measurements in RRC_CONNECTED state in NB-IoT and outcome of the following aspects are being discussed likely to impact RAN2 [8].

· Issue 1-2-2: Minimum interval between two measurements/samples for inter-frequency measurement

This will determine whether one or two samples on the same frequency can be acquired within a single tune-away gap.

· Issue 1-2-3: Minimum length of single measurement occasions for inter-frequency measurement

This will determine the minimum gap required to switch from dedicated carrier to neighbour carrier, make a single measurement and then switch back to the dedicated carrier.

· Issue 1-3-2: Inter-frequency Measurement requirements
Requirements defining how to compute number of consecutive tune-away gaps required to perform measurement.

· Issue 1-3-3: Inter-frequency Detection requirements

Requirements defining how to compute number of consecutive tune-away gaps required to perform detection.

From the above discussion points it is clear RAN4 considers multiple measurement opportunities are needed to perform inter-frequency detection and/or measurements when the neighbour cell is considered to be in normal coverage. This means UE cannot rely on the E-UTRAN unilaterally providing periodic scheduling gaps for a UE to perform such measurements. If the E-UTRAN blindly provides parodic scheduling gaps for the UE then this will have significant impact on data throughput and unnecessarily prolong the RRC connection for all UEs that support RRC connected mode neighbour cell measurements even though a UE may not intend to perform such measurements.

Observation 1: Blindly providing scheduling gaps to allow for inter-frequency measurements in connected state will degrade data throughput.

Therefore, if the UE really wish to perform inter-frequency measurements i.e., UE is not in relaxed neighbour cell monitoring state and UE considers the RRC connection will not be released soon and serving cell is degrading, then UE can send an indication to eNB that it wishes to perform inter-frequency measurements and scheduling gaps are needed, as depicted in Figure 1. Such indication would be sent by the UE while the RRC connection is still good enough to deliver the uplink MAC PDU.
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Figure 1: Dynamic scheduling gaps

If the UE is not scheduled NPDSCH/NPUSCH, then UE can use the subframes between two consecutive NPDCCH periods to perform the measurements and Table 1 shows the number of free subframes with such scheduling for different values of Rmax and G.

Table 1 Free subframes between consecutive NPDCCH periods
	 
	 
	Ram (npdcch-NumRepetitions)

	 
	 
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	G
(npdcch-StartSF-USS)
	1.5
	3
	2
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024

	
	2
	3
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	
	4
	3
	6
	12
	24
	48
	96
	192
	384
	768
	1536
	3072
	6144

	
	8
	7
	14
	28
	56
	112
	224
	448
	896
	1792
	3584
	7168
	14336

	
	16
	15
	30
	60
	120
	240
	480
	960
	1920
	3840
	7680
	15360
	30720

	
	32
	31
	62
	124
	248
	496
	992
	1984
	3968
	7936
	15872
	31744
	63488

	
	48
	47
	94
	188
	376
	752
	1504
	3008
	6016
	12032
	24064
	48128
	96256

	
	64
	63
	126
	252
	504
	1008
	2016
	4032
	8064
	16128
	32256
	64512
	129024


Depending on what RAN4 agrees as the minimum length of single measurement occasion (Issue 1-2-3) to perform inter-frequency measurement, it could be that some configurations may not allow for such measurements unless UE is allowed to skip part/all of the NPDCCH occasion.

Observation 2: NPDCCH configurations with smaller values of G and Rmax may not allow for inter-frequency measurements even when network does not schedule any NPDSCH/NPUSCH.

Proposal 1: In RRC connected state, introduce MAC indication from UE requesting relaxed scheduling to perform neighbour cell measurements. 
Proposal 2: In RRC connected state, introduce MAC/DCI indication from NW to UE to allow perform neighbour cell measurements.
Proposal 3: The MAC indication is sent when UE needs to make neighbour cell measurements on a carrier other than the downlink dedicated carrier.

2.2 NRSRP conversion from non-anchor to anchor carrier

In the current specification, all measurements performed on the non-anchor carrier are converted to anchor-carrier equivalent by applying the non-anchor carrier specific power offset nrs-PowerOffsetNonAnchor. Therefore, the idle mode procedures such as cell evaluation for reselection, relaxed state determination assume this transformation of the non-anchor carrier measurement to anchor carrier equivalent.
Observation 3: The relaxed serving cell measurement procedure assumes nrs-PowerOffsetNonAnchor is applied to measurements made on the non-anchor carrier.
Based on the above observation, the quantities used in relaxed neighbour cell procedure (i.e., the measured Srxlev reference Srxlevref) already incorporates the nrs-PowerOffsetNonAnchor if idle mode measurements were done on the non-anchor carrier hence no further translation needed to be done. Therefore, when the measurement is done on the dedicated carrier which is different from the anchor-carrier then the associated nrs-PowerOffsetNonAnchor should also be applied to translate this measurement.

Observation 4: Upon entering RRC_CONNECTED state, the RRC_IDLE mode reference value, Srxlevref-I, for relaxed neighbour cell monitoring procedure does not need additional translation i.e., set Srxlevref-C = Srxlevref-I.
Proposal 4: Translate RRC_CONNECTED state measured NRSRP by applying nrs-PowerOffsetNonAnchor i.e. Srxlev = ‘measure NRSRP of dedicated carrier + nrs-PowerOffsetNonAnchor’

During the post RAN2#116-e email discussion [6] some companies suggested the RRC_IDLE mode relaxed neighbour cell monitoring state should not be used to determine the RRC_CONNECTED state neighbour cell monitoring state but instead this decision should be based purely on the measurements made on the dedicated carrier. But author considers this really means UE upon entering RRC_CONNECTED state starts to monitor neighbour cells till it determines the serving cell Rxlev is not changing significantly and then enter relaxed neighbour cell monitoring state and this would defy the whole purpose of enabling relaxed neighbour cell monitoring procedure in RRC_CONNECTED state.  
Proposal 5: Upon entering RRC_CONNECTED, UE continues with RRC_IDLE mode relaxed neighbour cell monitor state.

Proposal 6: Upon making measurement on dedicated carrier, the UE determines the relaxed monitoring state by applying Srxlevref-C , the measured Srxlev and RRC_CONNECTED mode values for sSearchDeltaP and TsearchDeltaP.
Summary

This document discusses the progress in RAN4 and the outstanding issues in RAN2 on performing neighbour cell measurements in RRC connected state and makes following observations.
Observation 1:
Blindly providing scheduling gaps to allow for inter-frequency measurements in connected state will degrade data throughput.
Observation 2:
NPDCCH configurations with smaller values of G and Rmax may not allow for inter-frequency measurements even when network does not schedule any NPDSCH/NPUSCH.
Observation 3:
The relaxed serving cell measurement procedure assumes nrs-PowerOffsetNonAnchor is applied to measurements made on the non-anchor carrier.
Observation 4:
Upon entering RRC_CONNECTED state, the RRC_IDLE mode reference value, Srxlevref-I, for relaxed neighbour cell monitoring procedure does not need additional translation i.e., set Srxlevref-C = Srxlevref-I.


To progress the work on RRC connected state neigbhour cell measurement, following proposals are put forward:
Proposal 1:
In RRC connected state, introduce MAC indication from UE requesting relaxed scheduling to perform neighbour cell measurements.
Proposal 2:
In RRC connected state, introduce MAC/DCI indication from NW to UE to allow perform neighbour cell measurements.
Proposal 3:
The MAC indication is sent when UE needs to make neighbour cell measurements on a carrier other than the downlink dedicated carrier.
Proposal 4:
Translate RRC_CONNECTED state measured NRSRP by applying nrs-PowerOffsetNonAnchor i.e. Srxlev = ‘measure NRSRP of dedicated carrier + nrs-PowerOffsetNonAnchor’
Proposal 5:
Upon entering RRC_CONNECTED, UE continues with RRC_IDLE mode relaxed neighbour cell monitor state.
Proposal 6:
Upon making measurement on dedicated carrier, the UE determines the relaxed monitoring state by applying Srxlevref-C , the measured Srxlev and RRC_CONNECTED mode values for sSearchDeltaP and TsearchDeltaP.
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