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1. Introduction
So far RAN WG1 has introduced 2 UE measurements for intra-LTE mobility in TS 36.214 "Physical layer – Measurements (Release 8)" [1] in a rather basic description and at RAN1 #48bis in March 2007, RAN1 concluded about the intention to introduce the following 6 inter RAT UE measurements:

· for LTE to GERAN handover:
· GSM Carrier RSSI

· for LTE to UTRAN FDD handover:
· UTRA Carrier RSSI*
· CPICH RSCP
· CPICH Ec/No
· for LTE to UTRAN TDD handover:

· UTRA Carrier RSSI*
· P-CCPCH RSCP
*: note: As also done for UTRA these 2 measurements could be covered in one definition.
however the corresponding measurement definitions are not yet introduced in TS 36.214.
The Tdoc tries to highlight some aspects to be taken into account in the definitions and provides some proposals for possible definitions for TS 36.214.

2. Intra LTE measurements
2.1
RSRP
This measurement is currently defined in TS 36.214 [1] as follows:
	Definition
	Reference signal received power, the mean measured power of the reference symbols during the measurement period. 

	Applicable for
	TBD


Aspects that are missing so far:
1. Applicable for which E-UTRAN RRC protocol state?
Note: TS 36.300 [3] figure A.2 distinguishes 3 states:

a. LTE_DETACHED: PLMN selection/cell selection
b. LTE_IDLE (RRC_IDLE): cell reselection
c. LTE_ACTIVE (RRC_CONNECTED): handover
The "applicable for" field is used to indicate states in which it shall be possible to perform this measurement. Proposal: Consider all 3 states. It might also be helpful to indicate that this measurement is useful for intra-frequency LTE as well as for inter-frequency LTE.
2. Bandwidth to be considered?
RAN1 #48 sent LS R1-071250 [4] to RAN4 #42bis to clarify this aspect for RSRP (and also for E-UTRA carrier RSSI).
This LS was noted at RAN4 #42bis in R4-070440 and a corresponding email discussion about an LS answer to RAN1 seem to converge to (R4-070477):

"RAN4 thanks RAN1 for the LS in R1-071250 (R2-071514) on LTE measurements supporting mobility. Please find below RAN4 response:
Based on presented simulation results and discussion which took place during last RAN4 meeting it was decided as working assumption that the UE RSRP measurement requirements will be further developed based on 1,25 MHz UE measurement bandwidth.
[...] no agreement on the measurement period(s) was made yet and RAN4 will continue working on this area further.
It was also agreed that it will be studied further in RAN WG4:
- whether it is beneficial to allow the UE to utilize a wider UE measurement bandwidth for its performance optimization
- whether there is a need for adjustable time domain filtering as possible solution to overcome any measurement errors to ensure stable system performance
- whether any signalling support is needed (and if yes, what kind of signalling)."

which means that RAN4 has not yet finally concluded on whether only 1.25MHz or better to say the center 72 subcarriers have to be used or whether it is left up to the UE to utilize a larger bandwidth (in this case it would be beneficial if the reported value would be independent of the measurement BW to be comparable in the network).
Proposal: Do not exclude the possibility of a wider UE measurement bandwidth so far as RAN4 is still studying this.
3. "Mean measured power" does not clarify whether the average has to be taken only in the time domain (i.e. summing up the energy in the frequency domain) or whether the average has to be taken over all RS resource elements.
Proposal: Clarify this aspect in RAN1 and inform RAN4 in an LS.
4. Proposal: It might be worth clarifying that RSRP considers only "reference signal" and not "MBSFN reference signal" power.

5. The aspect of RX diversity at the UE is currently under discussion also for WCDMA in an LS RAN1 #48 sent to RAN4 #42bis in R1-071832 [5] (=R4-070449). However, RAN4 has not yet concluded about taking the linear average of the measurement of all diversity branches.
Proposal: For the case that RAN4 concludes at the co-located Kobe meeting, RAN1 should also adapt LTE measurement definitions accordingly.
6. The number of RS eligible for measurements would need some clarification (and further information to the UE):
a. for FDD mode of LTE: A TDM of unicast only subframes and MBSFN subframes with different RS allocations was decided so that the UE would need to know which kind of subframe is currently received to benefit of all available RS (addressed in a separate Tdoc, see R1-072282 [7])
b. for TDD mode: The UE needs to be aware of the UL/DL subframe allocation and in addition there is a reserved idle period (IP) at the end of the last slot of the DL subframe which contains this IP.
So depending on the IP length, the UE can do RS measurements on that DL subframe containing IP with one of three possibilities:
- on all RS in that subframe if IP <= 2 symbol;
- on all except the last RS if 2 symbols < IP <= 5 (normal CP) or 4 (extended CP) symbols
- on only the first RS if IP = 12 (normal CP) or 10 (extended CP) symbols
2.2
E-UTRA carrier RSSI

This measurement is currently defined in TS 36.214 [1] as follows:

	Definition
	E-UTRA Carrier Received Signal Strength Indicator, comprises the total received wideband power observed by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

	Applicable for
	TBD


Aspects that are missing so far:

1. Applicable for which E-UTRAN RRC protocol state?
In UTRA the UTRA carrier RSSI measurement is not used alone in idle mode. However, in UTRA FDD CPICH Ec/No is used as a quality measure for cell selection and reselection in idle mode and CPICH Ec/No is equivalent to CPICH RSCP/UTRA carrier RSSI.

Proposal: Consider E-UTRA carrier RSSI for LTE_IDLE and LTE_ACTIVE. It is ffs whether it should be also considered for LTE_DETACHED.

2. Bandwidth to be considered or what is actually ment with "wideband"?
Note: The measurement bandwidth could be e.g. the cell bandwidth or the center 72 subcarriers or it might even be defined per PRB.
Although the RAN1 LS R1-071250 [4] was addressing also the E-UTRA carrier RSSI bandwidth question there seem to be no RAN4 answer so far.
Proposal: Check with RAN4 whether was any preference for the measurement bandwidth for E-UTRA carrier RSSI.

3. The RX diversity aspect as mentioned for RSRP needs to be addressed in a similar way.
3. Inter RAT measurements
As indicated already in R1-071700 [2] it would be useful to align the inter RAT measurements with definitions already available in TS 25.215 and TS 25.225 for UTRA.
TS 36.214 update R1-072262 [6] is providing this status.

Just the channel bandwidth, the RX diversity aspect (as explained above in section 2.1) and the "applicable for" field would need some updates.
Below the definitions from TS 25.215 and TS 25.225 were taken as a base and updated 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.

	Applicable for
	




LTE_DETACHED, inter-RAT

RRC_IDLE, inter-RAT

RRC_CONNECTED, inter-RAT


Note: In case receiver diversity is considered in GERAN specifications a sentence like "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." could be added.
The main objective should be to align measurement definitions for inter-RAT as much as possible with the definitions in those other RAT specifications.

CPICH RSCP

	Definition
	Received Signal Code Power, the received power on one UTRA FDD 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
	




LTE_DETACHED, inter-RAT

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
	LTE_DETACHED, inter-RAT

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, for UTRA TDD within a specified UTRA TDD timeslot.
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_IDLE, inter-RAT

RRC_CONNECTED, inter-RAT


P-CCPCH RSCP

	Definition
	Received Signal Code Power, the received power on P-CCPCH of neighbour UTRA TDD cell. The reference point for the RSCP shall be the antenna connector of the UE.

	Applicable for
	LTE_DETACHED, inter-RAT

RRC_IDLE, inter-RAT

RRC_CONNECTED, inter-RAT








5. Conclusion
This Tdoc makes proposals for the already accepted

· 2 intra LTE (RSRP and E-UTRA carrier RSSI) and the 

· 6 inter RAT UE measurements (GSM Carrier RSSI, UTRA Carrier RSSI for FDD and TDD, CPICH RSCP, CPICH Ec/No, P-CCPCH RSCP)

on how to update/capture corresponding definitions in the specification TS 36.214 and it discusses some corresponding open issues.
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