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1. Introduction
So far RAN WG1 has concentrated on intra-LTE measurements. Nevertheless, as it is intended to present TS 36.214 "Physical layer – Measurements (Release 8)" [14] for information to RAN #36 in June also inter RAT measurements have to be covered.
This contribution focusses on the radio access technologies (RAT) UTRA FDD and GSM/GERAN and proposes corresponding inter-RAT measurements for TS 36.214 and discusses impacts on the neighbour cell information and the scheduler with respect to measurement gaps.
2. Overview
Where to specify which measurement?
The cell on which the UE is camping decides about the specification(s) where the measurements are defined, e.g. a UE camping on an LTE cell and monitoring other radio access technologies (RAT) like WCDMA/UTRA FDD and GSM/GERAN will carry out meassurements to be defined in TS 36.214.
In this document we will concentrate on this example case.

Note: In an analogue way we will need measurements to be defined in TS 25.215 [4]for FDD and corresponding GSM/GERAN specifications like TS 45.008 [9] in the future.

Which inter-RAT measurements should be considered for a UE camping on an LTE cell?

For defining measurements an LTE multi-RAT UE could carry out to monitor other RATs it is useful to see at first the measurements and procedures carried out in these RATs when monitoring neighbour cells. Section 3. provides some background information regarding other RATs: section 2.1 for GSM/GERAN and 2.2 for WCDMA/UTRA FDD.

From this information it can be concluded that the following UE measurements are of relevance for inter RAT measurements:
for GSM/GERAN:
· GSM carrier RSSI: This is actually an RXLEV measurement on the BCCH carrier.
For LTE two aspects in the definition of TS 25.215 need to be clarified:
· "wideband": clarification needed that we are talking about a 200kHz measurement

· "antenna connector": RX diversity possibility needs to by considered (probably an average over all UE antennas could be considered).
for WCDMA/UTRA FDD:

· P-CPICH measurement: CPICH RSCP & CPICH Ec/No (note: As even current FDD specifications consider both possibilities it is likely that also both measurements will have to be considered in LTE).
For CPICH RSCP like in TS 25.215 the aspect of RX diversity at the UE needs to be taken into account (sum over antennas or average over antennas needs to be decided, latter might me more useful to not make mobility decisions dependent on number of UE RX antennas).
For CPICH Ec/No like in TS 25.215
· "band": should clarify "UTRA FDD band"

· also UE RX diversity needs to be clarified here (in line with modifications to CPICH RSCP and UTRA carrier RSSI it could be said that numerator and denominator are averaged over the RX diversity branches)
· UTRA carrier RSSI: This is actually an add on measurement to evaluate the load/interference situation in the considered FDD DL band.
Note: RRC protocol TS 25.331 [6] reports UTRA carrier RSSI only in connection with inter-frequency FDD measurements (although as indicated in TS 25.215 the measurement could also be carried out for intra-cell; however, in this case it would bring no additional information since the value would be the same for serving and target cell).
Compared to TS 25.215 the following clarifications could be made:

· wideband: relation to UTRA FDD band should be clarified
· antenna connector: also here RX diversity should be added (average over UE antennas)

· Note: RRC protocol TS 25.331 reports also the pathloss as a measurement result for intra- and inter-frequency FDD cells although there is neither a pathloss measurement defined in TS 25.215 nor a corresponding accuracy defined in TS 25.133 [1]. In fact "pathloss" can be considered as based on CPICH RSCP with having knowledge about the CPICH TX power.
Is there a need to consider timing measurements?
Possible reasons could be:

1. to determine the time misalignment of unsynchronised cells (e.g. for handover),

2. to determine the timing advance in the the target cell in case of handover,

3. location service calculations.

To 1.:

· However, if the cells are not co-located there are also different propagation delays.
· In UTRA FDD there is a possibility to report an SFN-SFN observed time difference via RACH.

· In UTRA FDD the UE normally needs to synchronize to a neighbour cell to make measurements it just needs to read the SFN of the target cell, so then there would be no need to determine this time difference.
· The SFN-CFN observed time difference UE measurement of UTRA FDD is not reported to the network by RRC TS 25.331.

· There is also no time difference measurement for GSM in TS 25.215.

To 2.:

· UTRA FDD does not need a timing advance (so it is not useful to compare with it).

· In GSM/GERAN the UE sends access bursts to the target cell so that the BS can determine the timing advance. A similar procedure is already considered for LTE-LTE handovers in TS 36.300 [15] figure 10.1.2.1.
To 3.:

· In UTRA FDD SFN-SFN observed time difference type 2 is used for location services.

· Location services are not yet discussed for LTE.

conclusion: So far no need for inter-RAT timing measurements identified.
Neighbour cell information needed?

Due to the need to reduce load on the BCH due to neighbour cell information there is a working assumption that for intra-frequency LTE measurements on neighbour cells the UE can blindly find out corresponding settings (e.g. frame, subframe and slot timing as well as cell ID/cell specific scrambling code/reference signal frequency hopping/reference signal sequence from synchronisation channel, measurement bandwidth, TX diversity/number of TX antennas from broadcast in neighbour cell).
In this connection RAN1 LS R1-071241 [22] clarified the differences between intra-frequency (i.e. source and target cell bandwidth have the same center frequency; not measurement gap assisted) and inter-frequency (i.e. source and target cell bandwidth use different center frequency; requires measurement gap assistance) measurement scenarios within LTE. Furthermore, it clarifies that P-BCH of intra-frequency cells can be demodulated by a UE without interruption of parallel reception of the active cell.

Also RAN1 LS R1-071248 [23] stated that no neighbour cell information is needed (neither in intra-frequency nor in interfrequency case as asked in the incoming LS R1-070644=R2-070418) for non-initial cell search and "based on evaluations" (R1-070651 [20]: introducing instead a high power beacon symbol in each LTE cell, R1-071157 [21]: looking at a 1.25MHz bandwidth system assuming synchronized sectors) the absence of neighbour cell information has "very small impact" on cell search time.

This statement is a bit unfortunate as without mentioning it, it did not consider arbitrary inter-frequency LTE cases or inter-RAT cases but intra-frequency LTE.

As mentioned in section 3. GSM/GERAN as well as UTRA FDD uses neighbour cell lists to indicate 
· ARFCN, BSIC of the GSM cell and a band indicator (for GSM/GERAN neighbour cells),
· P-CPICH transmit power and primary scrambling codes, UARFCN (for FDD neighbour cells).

conclusion:
For inter-RAT cases neighbour cell list information will certainly be needed (on which channel this should be made available to the UE and when/how often is ffs).
(In addition it might be useful to clarify again the need for interfrequency LTE neighbour cell information.)
How can the UE do inter-RAT measurements?
TS 36.300 section 10.1.3 clarifies that transmission/reception gaps at the UE are provided and controlled by the network and the scheduler could take care of this.
So compressed mode as in UTRA FDD or a fixed TX/RX pattern as in GSM is not needed to allow inter-frequency UE measurements for UEs having only one receiver/synthesizer.

However, the scheduler has to take the following aspects into account:

· There is some time needed to tune the receiver/switch the synthesizer to the target frequency/frequency band and back.
· For GSM/GERAN you would need to have an 11 GSM frame gap (=660ms/13≈50,77ms) to read FCCH and SCH in 1 shot.
· For UTRA FDD you would need to read the SSC (see TS 25.213 [3] table 4) of the SCH and to correlate with the CPICH scrambling code to identify the cell which means a time interval of about 10ms = 1 frame (but at least more than 4 slots (=8ms/3≈2,67ms) from which in best case the SSC might be already identified) if it is intended to be successful in 1 shot.
(Note: For inter-frequency LTE case a similar range could apply as the reference sequence is planned to be defined over a 10ms frame.).
· For beacon power measurements the measurement gap can be smaller than in the last 2 bullets above as power measurements are continuously possible.
But if it is intended to have smaller measurement gaps for cell identification then these smaller measurement gaps need to follow certain patterns to guarantee that at some point in time the identification is successful. Here a comparison with compressed mode patterns to monitor GSM can be made. This will reduce the flexibility of the scheduler.
· Maybe a bit less problematic for the inter-RAT case (as GSM/GERAN and UTRA FDD allow permanently to measure the beacon power) but definitely tricky for the LTE case (as reference symbol received power can only be measured on reference symbols not permanently present):
Every DRX at the UE or power variation on the beacon in DL or not predictable modification in the reference symbol location (e.g. in case the mix of MBMS subframes with unicast subframes is not known to the UE) will falsify the measurement results.
conclusion:
The scheduler in the network can provide measurement gaps. However, either rather long gaps are needed or specific patterns will have to be considered. It is to be decided whether certain patterns have to be standardized.
3. Background information
Figure 1 shows the different frame structures used in LTE, WCDMA/UTRA FDD and GSM/GERAN.
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Figure 1: Comparison of frame structures in LTE, WCDMA and GSM
(note: For LTE subframe the normal short CP case was considered here.).
3.1 Monitoring of GSM cells

· A MS has to monitor up to 32 GSM cells plus optional cells (up to 64) of other RATs and it can report measurements for up to 6 best neighbour cells (reporting period 480ms).
· The MS is informed about GSM beacon frequencies by neighbour cell information (contains information for up 96 neighbour cells) on the broadcast channel.

· The MS searches for the FCCH (frequency correction channel) which is transmitted by the BS on timeslot 0 of the beacon frequency in frames 0, 10, 20, 30, 40.
Note: FCCH and SCH are sent on time slot 0 in the 51 frame GSM multiframe structure and the transmit power on this frequency channel/"beacon" is kept constant which allows RXLEV measurements at arbitrary time instants).
· The MS monitors the DL RX signal level (RXLEV) and BSIC (base station identity code, sent on the SCH) of surrounding neighbour base stations. The BSIC allows the network an unambiguous linking between the measurement reported by a UE and the corresponding neighbour cell that was measured.
See TS 45.008 for measurements, TS 43.022 [7] for MS idle mode behaviour, TS 44.018 [8a] and TS 44.060 [8b] for neighbour cell information (e.g. TS 44.018 section 9.1.54, TS 44.060 section 5.6.3/8.8.1/ 8.10.2) and measurement reports (e.g. TS 44.018 section 10.5.2.20, TS 44.060 section 5.6/7.3/8.3/11.2.9).
3.2 Monitoring of WCDMA cells

· For idle mode cell re-selection purposes, the UE shall be capable of monitoring:
32 intra-frequency cells (including serving cell), and 32 inter-frequency cells, including
FDD cells on maximum 2 additional carriers, and TDD cells* distributed on up to 3 TDD carriers, and 32 GSM cells* distributed on up to 32 GSM carriers, as indicated in cell information lists sent in system information (BCCH) (*depends on UE capability).
· For FDD intra-frequency cells the UE shall measure CPICH Ec/Io and CPICH RSCP (either CPICH Ec/Io or CPICH RSCP is used as measurement quantity for cell reselection, also pathloss can be reported). In the CELL_DCH state the measurement period for intra frequency measurements is 200 ms.
Note: With "CPICH" the P-CPICH is ment.
· For FDD inter-frequency cells the UE shall measure CPICH Ec/Io and CPICH RSCP on corresponding FDD carriers (either CPICH Ec/Io or CPICH RSCP is used as measurement quantity for cell reselection, however, also UTRA carrier RSSI and pathloss can be reported). For this purpose a UE camping on an FDD cell may apply compressed mode.
Note: With "CPICH" the P-CPICH is ment.
· For inter-RAT GSM cells the UE shall measure the signal level of the GSM BCCH carrier (GSM carrier RSSI) of each GSM neighbour cell indicated in the measurement control system information of the serving cell. For this purpose a UE camping on an FDD cell may apply compressed mode. In the CELL_DCH state the measurement period for the GSM carrier RSSI measurement is 480 ms.
Note: The neighbour cell list for GSM cells to monitor is broadcast in the FDD serving cell including BCCH frequency information ARFCN , the BSIC of the GSM cell and a band indicator (indicating how to interpret the BCCH frequency information ARFCN).
Note: TS 25.331 section 10.3.7.26 differentiates between cases where BSIC is verified or not verified.
· P-CPICH of FDD cells is cell-specific and continuously broadcast over the entire cell with a fixed transmission power.
Its primary scrambling code is detected within the cell search procedure, i.e. by detecting the SCH of the cell.
Note: P-CPICH transmit power and primary scrambling codes of FDD neighbour cells are broadcast (together with frequency information UARFCN for inter-frequency case) in the neighbour cell information lists in the serving cell.
See TS 25.215 for measurements, TS 25.133 measurement requirements, TS 25.304 [5] for UE idle mode behaviour, TS 25.331 for neighbour cell information (e.g. section 8.6.7.3, 10.3.7) and measurement reports (e.g. section 10.3.7.44).

Compressed mode patterns for inter-frequency FDD measurements (see TS 25.133 table 8.1):

	TGL1 [slots]
	TGL2 [slots]
	TGD [slots]
	Max TGPL [frames]

	7
	-
	undefined
	18

	14
	-
	undefined
	36

	10
	-
	undefined
	24

	7
	7
	15…269
	18 + ceil(TGD/15)

	14
	14
	45…269
	36 + ceil(TGD/15)


Compressed mode patterns for GSM carrier RSSI measurements (see TS 25.133 table 8.3):
	TGL1 [slots]
	TGL2 [slots]
	TGD [slots]

	3
	-
	undefined

	4
	-
	undefined

	5
	-
	undefined

	7
	-
	undefined

	10
	-
	undefined

	14
	-
	undefined

	3
	3
	15…269

	4
	4
	15…269

	5
	5
	15…269

	7
	7
	15…269

	10
	10
	41…269

	14
	14
	45…269


Compressed mode patterns for BSIC verification for GSM cells (see TS 25.133 table 8.5):
	TGL1 [slots]
	TGL2 [slots]
	TGD [slots]

	5
	-
	undefined

	7
	-
	undefined

	10
	-
	undefined

	14
	-
	undefined

	5
	5
	15…269

	7
	7
	15…269

	10
	10
	41…269

	14
	14
	45…269


Note: At least 8 slots in each radio frame are transmitted.
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4. Proposed inter RAT measurements for LTE
The following definitions for UE measurements on GSM/GERAN cells and UTRA FDD cells are taken from TS 25.215 and corresponding revisions as explained in section 2. are done with revision marks.
GSM carrier RSSI

	Definition
	Received Signal Strength Indicator, the wide-band received power within the relevant GSM channel bandwidth. Measurement shall be performed on a GSM BCCH carrier. The reference point for the RSSI shall be the antenna connector of the UE.
If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values of all diversity branches.

	Applicable for
	



RRC_IDLE, inter-RAT

RRC_CONNECTED, inter-RAT


CPICH RSCP

	Definition
	Received Signal Code Power, the received power on one code measured on the Primary CPICH. 
The reference point for the RSCP shall be the antenna connector of the UE. 
If Tx diversity is applied on the Primary CPICH the received code power from each antenna shall be separately measured and summed together in [W] to a total received code power on the Primary CPICH.
If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of received code power of all diversity branches separately measured.

	Applicable for
	



RRC_IDLE, inter-RAT

RRC_CONNECTED, inter-RAT


CPICH Ec/No

	Definition
	The received energy per chip divided by the power density in the UTRA FDD band. The CPICH Ec/No is identical to CPICH RSCP/UTRA Carrier RSSI. Measurement shall be performed on the Primary CPICH. 
The reference point for the CPICH Ec/No shall be the antenna connector of the UE. 
If Tx diversity is applied on the Primary CPICH the received energy per chip (Ec) from each antenna shall be separately measured and summed together in [Ws] to a total received chip energy per chip on the Primary CPICH, before calculating the Ec/No.
If receiver diversity is in use by the UE the reported value shall be equivalent to the Ec/No quotient where Ec is the linear average of the received Primary CPICH energy per chip (Ec) of all diversity branches measured separately and No is the linear average of the power density values in the UTRA FDD band of each receiver.

	Applicable for
	RRC_IDLE, inter-RAT

RRC_CONNECTED, inter-RAT






UTRA carrier RSSI

	Definition
	The received wide band power of a UTRA carrier, including thermal noise and noise generated in the receiver, within the bandwidth defined by the receiver pulse shaping filter. 
The reference point for the measurement shall be the antenna connector of the UE.
If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values of all diversity branches.

	Applicable for
	RRC_CONNECTED, inter-RAT


Note: The aspect of receiver diversity is also under discussion for TS 25.215 in R1-071389 [24] and R1-071390 [25] and it is considered helpful to keep the wording aligned.
5. Conclusion/proposals
· This Tdoc discussed possible inter-RAT (i.e. GSM/GERAN and WCDMA/UTRA FDD) measurements a UE should carry out when camping on an LTE cell.
· GSM carrier RSSI (to monitor a GSM/GERAN cell) and P-CPICH RSCP, P-CPICH Ec/No and UTRA carrier RSSI (to monitor a WCDMA/UTRA FDD cell) are proposed to be captured in TS 36.214 as shown in section 4.

· So far no need for inter-RAT related timing measurements was identified.
(For location services or if a need is seen to introduce an E-UTRAN timing advance measurement this could be further discussed.)
· For inter-RAT cases neighbour cell list information will certainly be needed (channel and how often is ffs).
Also clarification is requested whether RAN1 excludes neighbour cell information for inter-frequency LTE cells.
· The scheduler in the network can provide measurement gaps. However, either rather long gaps are needed or specific patterns will have to be considered. It is to be decided whether certain patterns have to be standardized.
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