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Discussion and Decision
1      Introduction
In RAN2#87bis meeting, RAN2 sent LS [1] to RAN1, asking clarification on whether the intention of the PCID list is to provide the UE a list of all neighbour cells for the configured frequency on which UE performs the DRS measurement based on the DMTC configuration, and if so, whether UE should perform legacy CRS measurements for the cells not listed.
In RAN1 email discussion [78bis-07] LS reply on DRS measurement, the agreement (captured in RAN1 LS [3]) is:
	· For a carrier frequency, a UE can be configured to perform DRS-based RSRP and RSRQ measurement for all neighboring cells according to DMTC. This is supported at least in the following two cases:

· if no PCID list is configured (i.e. no legacy PCID list and no new PCID list)

· if only the legacy PCID list is configured

· There is no consensus on whether a UE can be configured to perform both legacy CRS measurement and DRS-based CRS measurement for neighboring cells on the same carrier frequency

· There is no consensus on whether to introduce a new PCID list for CRS-based measurements to indicate which neighboring cells are measured according to DMTC and which neighbouring cells are measured without DMTC.


Although RAN1 made some progress, there is no consensus on the key issue: whether a UE can be configured to perform both legacy CRS measurement and DRS-based CRS measurement for neighboring cells on the same carrier frequency. In this contribution, we discuss this issue and corresponding measurement configuration for TS 36.331.
2      Discussion
2.1     Legacy CRS measurement for a frequency configured with DRS measurement
The main motivation to support legacy CRS measurement for neighbour cells in a frequency configured with DRS measurement is to achieve the potentially better performance of legacy CRS measurement compared with DRS based CRS measurement. The reason is that DRS based CRS is not transmitted as frequently as the legacy CRS (note that DRS periodicity can be up to 160 ms). 

Proposal 1: UE can perform both legacy CRS and DRS based CRS measurement for neighbor cells on the same carrier frequency.
If the network configures both legacy CRS measurement and DRS based CRS measurement for a given frequency, then for a given cell, UE needs to know whether to perform legacy CRS measurement or DRS based CRS measurement.
It has been discussed that the legacy PCID list can be used to indicate whether legacy CRS measurement or DRS based CRS measurement should be performed. However, in the current LTE, legacy PCID list is used to indicate cellIndividualOffset, which is a useful tool for cell coverage planning and mobility performance optimization. Therefore, it may be hard to use the legacy PCID to indicate a list of cells to perform legacy CRS vs. DRS based CRS measurement. 
In RAN1 email discussion [78bis-07], two ways were proposed for further discussion at RAN1#79 to enable UE to distinguish between legacy CRS measurement vs. DRS based CRS measurement: (1) eNB signaling using of a new PCID list, or (2) UE autonomous detection of the presence of the legacy CRS. Although RAN2 needs to wait for RAN1’s decision on this topic, we provide further details on the solution of new PCID list. 
With the introduction of the new PCID list, UE performs DRS based CRS measurement (i.e. according to DMTC) for the cells indicated in the new PCID list, and legacy CRS measurement for other cells. Legacy PCID list and new PCID list can be used to configure cellIndividualOffset for legacy CRS measurement and DRS based CRS measurement, respectively. From ASN.1 perspective, we can reuse current structure for legacy PCID list, therefore the changes are straightforward.
If eNB wants to configure that UE performs DRS based CRS measurement only, then signaling overhead might be an issue since new PCID list should include all neighbor cells in the frequency. RAN1 agreement indicates that this can be done by not signaling PCID list or only signal legacy PCID list. However cellIndividualOffset for DRS based CRS measurement cannot be configured with this approach. One possible optimization is to introduce an explicit indicator to inform UE to perform DRS based CRS measurement only.
In the table below, we show how the three measurement scenarios can be supported with the new PCID list and explicit indicator.

Table 1: Measurement scenario and RRC signaling
	Measurement scenario
	Legacy PDID list
	Explicit indicator
	PCID list for DRS

	Legacy CRS measurement only
	Optional present
	No
	No

	DRS based CRS measurement only
	Not present
	Yes
	Optional present

	Both legacy and DRS based CRS measurement
	Optional present
	No
	Present


Proposal 2: Introduce a new PCID list to indicate the neighbor cells to be measured according to DMTC (DRS based CRS measurement).

Proposal 3: Introduce an explicit indicator to inform UE to measure all neighbor cells according to DMTC in one frequency.

We provide a draft TP (based on running CR for 36.331 in [2]) in Annex to reflect above proposals.

2.2     Measurement for SCell
In RAN2#87bis meeting, RAN2 agreed that “If DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured, UE shall measure also legacy RSRP based on CRS for the PCell and the activated SCell.” 
With the agreement, for a frequency with DRS configuration, when the SCell is activated, UE performs legacy CRS measurement; when the SCell is deactivated, UE performs DRS based CRS measurement. SCell activation/deactivation transition could be in the order of tens of ms, therefore it is unclear how the legacy CRS measurement can be adapted between activation/deactivation and deactivation/activation. For example, UE would measure legacy CRS e.g. every 40 ms in activated SCell, and UE would stop legacy CRS measurement for 120 ms (if DMTC period is 160 ms) in deactivated SCell. If SCell is performing small cell on/off, it might be preferable that UE performs DRS measurement only even when SCell is activated. Currently UE does not know whether SCell is performing small cell on/of or not. One way to let UE know this is to include PCID of SCell in the new PCID list.
Proposal 4: RAN2 to ask RAN1/RAN4’s view on whether it is possible to perform both legacy CRS measurement and DRS based measurement on SCell performing small cell on/off.
3      Conclusion
In this contribution, we discuss measurement configuration for legacy CRS and DRS based CRS measurement, and propose the following:

Proposal 1: UE can perform both legacy CRS and DRS based CRS measurement for neighbor cells on the same carrier frequency.
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Proposal 2: Introduce a new PCID list to indicate the neighbor cells to be measured according to DMTC (DRS based CRS measurement).
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Proposal 3: Introduce an explicit indicator to inform UE to measure all neighbor cells according to DMTC in one frequency.


Proposal 4: RAN2 to ask RAN1/RAN4’s view on whether it is possible to perform both legacy CRS measurement and DRS based measurement on SCell performing small cell on/off.
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Annex Draft TP
5.5.2.5
Measurement object addition/ modification

Text omitted
3>
if the received measObject includes measDS-Config:

4>
if measDS-Config is set to setup:
5>
if the received measDS-Config includes the ds-CellsToRemoveList:

6>
for each cellIndex included in the ds-CellsToRemoveList:

7>
remove the entry with the matching cellIndex from the ds-CellsToAddModList;

5>
if the received measDS-Config includes the ds-CellsToAddModList:

6>
for each cellIndex included in the ds-CellsToAddModList:

7>
if an entry with the matching cellIndex exists in the ds-CellsToAddModList:

8>
replace the entry with the value received for this cellIndex;

7>
else:

8>
add a new entry for the received cellIndex to the ds-CellsToAddModList;
5>
if the received measDS-Config includes the measCSI-RS-ToRemoveList:

6>
for each measCSI-RS-Id included in the measCSI-RS-ToRemoveList:

7>
remove the entry with the matching measCSI-RS-Id from the measCSI-RS-ToAddModList;

5>
if the received measDS-Config includes the measCSI-RS-ToAddModList:

6>
for each measCSI-RS-Id value included in the measCSI-RS-ToAddModList:

7>
if an entry with the matching measCSI-RS-Id exists in the measCSI-RS-ToAddModList:

8>
replace the entry with the value received for this measCSI-RS-Id;

7>
else:

8>
add a new entry for the received measCSI-RS-Id to the measCSI-RS-ToAddModList;

5>
set other fields of the measDS-Config within the VarMeasConfig to the value of the received field;

5>
perform the discovery signals measurement timing configuration procedure as specified in 5.5.2.10;

4>
else:

5>
release the discovery signals measurement configuration;

3>
for each measId associated with this measObjectId in the measIdList within the VarMeasConfig, if any:

4>
remove the measurement reporting entry for this measId from the VarMeasReportList, if included;

4>
stop the periodical reporting timer or timer T321, whichever one is running, and reset the associated information (e.g. timeToTrigger) for this measId;

2>
else:

3>
add a new entry for the received measObject to the measObjectList within VarMeasConfig;

Next change
5.5.3.1
General

Text omitted
4>
if measDS-Config is configured in the associated measObject:
5>
if the UE supports CSI-RS based discovery signals measurement; and
5>
if the eventId in the associated reportConfig is set to eventC1 or eventC2, or if the purpose in the associated reportConfig is set to reportStrongestCSI-RSs:

6>
perform the corresponding measurements of CSI-RS resources on the frequency indicated in the concerned measObject, applying the discovery signals measurement timing configuration in accordance with measDS-Config in the concerned measObject;
6>
if the reportQuantity in the associated reportConfig is set to all:

7>
perform the corresponding measurements of neighbouring cells on the frequencies indicated in the concerned measObject as follows: 

8>
for neighbouring cells on the primary frequency, apply the time domain measurement resource restriction in accordance with measSubframePatternConfigNeigh, if configured in the concerned measObject;
8>
apply the discovery signals measurement timing configuration in accordance with measDS-Config in the concerned measObject;

5>
else:
6>
perform the corresponding measurements of neighbouring cells on the frequencies and RATs indicated in the concerned measObject as follows:

7>
for neighbouring cells on the primary frequency, apply the time domain measurement resource restriction in accordance with measSubframePatternConfigNeigh, if configured in the concerned measObject;

7>
if the UE supports CRS based discovery signals measurement, for all neighbouring cells if ds-OnlyIndicator is set to TRUE or for neighbouring cells included in the ds-CellsToAddModList, apply the discovery signals measurement timing configuration in accordance with measDS-Config, if configured in the concerned measObject;

4>
if the ue-RxTxTimeDiffPeriodical is configured in the associated reportConfig:

5>
perform the UE Rx–Tx time difference measurements on the PCell;

2>
perform the evaluation of reporting criteria as specified in 5.5.4;

NOTE 3:
The s-Measure defines when the UE is required to perform measurements. The UE is however allowed to perform measurements also when the PCell RSRP exceeds s-Measure, e.g., to measure cells broadcasting a CSG identity following use of the autonomous search function as defined in TS 36.304 [4].

Next change
–
MeasDS-Config
The IE MeasDS-Config specifies information applicable for discovery signals measurement.

MeasDS-Config information elements
-- ASN1START

MeasDS-Config-r12 ::=


CHOICE {

release






NULL,


setup






SEQUENCE {



dmtc-PeriodOffset-r12


CHOICE {




ms40-r12





INTEGER(0..39),




ms80-r12





INTEGER(0..79),




ms160-r12





INTEGER(0..159),




...


},


ds-OccasionDuration-r12

CHOICE {



durationFDD-r12 



INTEGER(1..maxDS-Duration-r12),



durationTDD-r12 



INTEGER(2..maxDS-Duration-r12)


},


-- Cell list


ds-CellsToRemoveList-r12




CellIndexList



OPTIONAL,

-- Need ON



ds-CellsToAddModList-r12




CellsToAddModList


OPTIONAL,

-- Need ON


ds-OnlyIndicator-r12




ENUMERATED {true}

OPTIONAL,
-- Need OR


measCSI-RS-ToRemoveList-r12
MeasCSI-RS-ToRemoveList-r12
OPTIONAL,
-- Need ON



measCSI-RS-ToAddModList-r12
MeasCSI-RS-ToAddModList-r12
OPTIONAL,
-- Need ON


...

}

}
MeasCSI-RS-ToRemoveList-r12 ::=
SEQUENCE (SIZE (1..maxCSI-RS-Meas-r12)) OF MeasCSI-RS-Id-r12

MeasCSI-RS-ToAddModList-r12 ::=
SEQUENCE (SIZE (1..maxCSI-RS-Meas-r12)) OF MeasCSI-RS-Config-r12

MeasCSI-RS-Id-r12 ::=


INTEGER (1..maxCSI-RS-Meas-r12)

MeasCSI-RS-Config-r12 ::=

SEQUENCE {


measCSI-RS-Id-r12



MeasCSI-RS-Id-r12,

physCellId-r12




INTEGER (0..503),


scramblingIdentity-r12


INTEGER (0..503),


resourceConfig-r12



INTEGER (0..31),


subframeOffset-r12



INTEGER (0..4),

csi-RS-IndividualOffset-r12

Q-OffsetRange}

-- ASN1STOP

	MeasDS-Config field descriptions

	csi-RS-IndividualOffset
CSI-RS individual offset applicable to a specific CSI-RS resource. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	ds-CellsToAddModList
List of cells to add/ modify in the cell list for discovery signal measurement.

	ds-CellsToRemoveList
List of cells to remove from the cell list for discovery signal measurement.

	ds-OnlyIndicator
Value TRUE indicates that all neighbouring cells in the frequency are measured according to DMTC.

	ds-OccasionDuration
Indicate the duration of discovery signals occation for this frequency. Discovery signals occasion duration is common for all cells transmitting discovery signals on one frequency.

	measCSI-RS-ToAddModList
List of CSI-RS resources to add/ modify in the CSI-RS resource list for discovery signals measurement.

	measCSI-RS-ToRemoveList
List of CSI-RS resources to remove from the CSI-RS resourc list for discovery signals measurement.

	dmtc-PeriodOffset

Indicates the discovery signals measurement timing configuration (DMTC) periodicity (dmtc-Period) and offset (dmtc-Offset) for this frequency. For DMTC periodicity, value ms40 corresponds to 40ms, ms80 corresponds to 80ms and so on. The value of DMTC offset is in number of subframes.

	physCellId
Indicates the physical cell identity where UE may assume that the CSI-RS and the PSS/SSS/CRS corresponding to the indicated physical cell identity are quasi co-located with respect to average delay and doppler shift.

	resourceConfig

Parameter: CSI reference signal configuration, see TS 36.211 [21, table 6.10.5.2-1 and 6.10.5.2-2].

	scramblingIdentity

Parameter: Pseudo-random sequence generator parameter, 
Error! Objects cannot be created from editing field codes., see TS 36.213 [23, 7.2.5].

	subframeOffset

Indicates the subframe offset between SSS and the CSI-RS resource in a discovery signals occasion.
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