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1.
Introduction
At RAN1 #38 as well as in the joint RAN1 #38 - RAN4 #32 session in Prague in August 2004 and the RAN1 #38bis in Seoul in September 2004, a number of contributions and methods [1], [2], [3], [4], [5] were discussed addressing the problem of MBMS users in CELL_FACH that would lose MBMS data when performing measurements according to the measurement occasions defined in TS 25.331 section 8.5.11 [9].

The discussions in RAN1 and RAN4 have not yet concluded on the magnitude of the problem with some companies believing it to be serious and others not considering it a problem at all.  

This paper proposes to improve this situation of MBMS data losses by a synchronisation of measurement occasions among UEs.

2.
Background information
At the joint RAN1 #36 and RAN2 #41 session in Malaga in February 2004 the following  agreements on measurements during MBMS were collected [6]:
· Measurements during MBMS:

· Measurements have priority over MBMS reception.

· L1 channel coding to cover for measurement losses.

· RAN1 to work on basis of RAN2’s agreements on DRX on MBMS in FACH and same measurement occasions as in R99"
Outer coding on radio layer was ruled out as it was assumed to have an 80ms TTI for MBMS where there could be enough L1 channel coding gain to cover the losses. As can be seen from R1-041253 [7] also 40ms and 20ms TTIs for MBMS are discussed nowadays.
It has been stated that the outer coding on application layer (defined by SA4) is sufficient to solve the MBMS data loss on the radio layer caused by UE measurements on other frequencies or systems.

In the joint RAN1 #38 - RAN4 #32 session in Prague in August 2004 [10] it was stated: "It was noted that SA4 is assuming an error rate, at higher layers and after FEC, of 1% with a possible relaxation to 10%."  Considering a 12,5% loss of 10ms measurement occasions in 80ms MBMS TTI it can be expected that outer coding on the application layer will not be sufficient to cover the loss of data due to measurement occasions.

As measurements are assumed to have a higher priority than MBMS reception still some means to cope with data losses are needed.
For CELL_FACH the measurement occasions as defined so far have a UE specific offset and its measurement occasion length is defined by the "FACH having the largest TTI on the SCCPCH monitored by UE" (see 25.331 section 8.5.11 [9]).
As the MBMS transmission is intended to several UEs in parallel having different measurement occasions at different times the network will be required to improve transmissions characteristics for every TTI since it cannot be known in which TTI no UEs will be performing measurements.
3.
Description of the synchronisation of the measurement occasions
One main problem of the measurement occasions in CELL_FACH is that they occur for each UE at a different time instant (or at least depending on the offset explained in section 3 at least for different groups of UEs), i.e. the UE (C_RNTI) dependent offset.
This distribution over the time was useful for the R99 FACH as it was possible for the network to reuse the time where one UE is doing measurements to schedule a FACH transmission to a different UE which is not doing measurements at this time.

For MBMS where a larger group of UEs is receiving the same information in parallel this distribution of measurements the major disadvantages that the network has to apply a lower coding and use a higher power for all the time as in each frame one UE could measure and therefore miss MBMS data.

Synchronizing these measurement occasions by considering an offset which is at least common among one MBMS service, or one SCCPCH would have the following advantage:

· The higher MBMS power would only be needed in TTIs for which the network is scheduling measurements
.
· Such a synchronization would have no impact on the UE mobility performance as the offset has no impact this.

Note: As the current RRC specification is referring to the "FACH having the largest TTI on the SCCPCH monitored by UE" and it is not intended that this means the MBMS FACH, an update of the measurement occasion definition is anyway necessary.
The proposed modification to include also the synchronization proposal can be summarized as follows:
· The current definition will remain for all UEs which are not having an MBMS service. This guarantees full backward compatibility.

· For UEs which have an MBMS service an additional formula will be added replacing the C_RNTI related offset by an 'MBMS measurement occasion offset' which is signalled from the UTRAN together with all other information related to this MBMS service.

· All UEs which have MBMS services are using the MBMS related formula for defining measurements occasions. As soon as a UE has stopped all MBMS activities and it is in CELL_FACH it will use again the old R99 measurement occasion formula. 
· It is up to the RNC to decide whether to use the same 'MBMS measurement occasion offset' for different services. This can be configured by the operator.
4.
Performance simulations
In order to give an impression of the amount of Node B transmit power reductions due to the proposed concept some simulations under the following assumptions were carried out:

· Vehicular A channel at 3 km/h

· single radio link

· 80 ms TTI and 64 kbps MBMS (nominal rate)
· comparison of no DRX and DRX at the UE (1% MBMS BLER target)
The tables below provides the Ec/Ior penalty (i.e. how much do the Node B need to increase the power of an MBMS service compared to the total BS power to achieve the same 1% BLER target at the UE if the UE is using DRX for some time) in dB when considering to DTX measurement occasions with the cycle given by k.  Note that the first table details the average penalty for the unsynchronised case and the second table shows the average penalty for the synchronised case
	measurement occasion
	k=1
	k=2
	k=3
	k=4
	k=5
	k=6

	10ms
	- *1
	- *1
	0,9dB
	0,55dB
	NA
	NA

	20ms
	- *1
	1,9dB
	1,4dB
	0,9dB
	NA
	- *1

	40ms
	- *1
	4,8dB
	3,9dB
	3,0dB
	-
	- *1

	80ms
	NA *2
	NA *2
	NA *2
	- *1
	- *1
	- *1


Table 1 Unsynchronised case
	Measurement occasion
	k=1
	k=2
	k=3
	k=4
	k=5
	k=6

	10ms
	- *1
	- *1
	0,9dB
	0,45dB
	NA
	NA

	20ms
	- *1
	1,9dB
	1,05dB
	0,55dB
	NA
	- *1

	40ms
	- *1
	3,5dB
	2,1dB
	1,15dB
	-
	- *1

	80ms
	NA *2
	NA *2
	NA *2
	- *1
	- *1
	- *1


Table 2  Synchronised case
*1: combination not available according to 25.133 (see above in section 3)

*2: would mean to lose a whole TTI which cannot be recovered by a power increase

NA: not available (not simulated)

As can be seen from the table with higher k (i.e. longer measurement cycles) the data loss and therefore the dB values are decreasing.
A comparison between Tables 1 and 2, shows the increased power requirement to overcome measurement interruptions is reduced when using the synchronised measurement occasions for Cell_FACH UEs, a saving of up to 1.3dB.
However, it should not be forgotten that the UE mobility performance i.e. the time to measure an inter frequency or inter system cell is increasing very fast (see e.g. 25.133 Table 8.13 where the worst-case time for identification of only one previously not identified GSM cell could reach more than half a minute!).

Also the effect that longer measurement occasions have a stronger impact is correctly reflected.
Using synchronized measurement occasions a network operator could save these amounts in Node B transmit power. For MBMS TTIs smaller than 80ms it can be assumed that the effect of 10ms and 20ms measurement occasions is even stronger.
5.
Conclusion

In order to address the problems of MBMS data losses during measurements in CELL_FACH a synchronization of measurement occasions for UEs using MBMS is proposed and corresponding gains were demonstrated.

As soon as the concept could be agreed in RAN2 corresponding CRs to TS 25.346 section 12 Mobility procedures and later to TS 25.331 could be provided.
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� assuming an MBMS TTI of 80ms this could save power in up to 7 other MBMS TTIs when considering the R99 measurement occasions, for a 40ms MBMS TTI savings in up to 15 TTIs could be possible
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