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1. Introduction

In RAN4#36, interruption of MTCH reception in idle mode, due to the need to make interfrequency and intersystem measurements was discussed. In that meeting and in discussions on the issue on the MBMS reflector there has been general agreement that:

· Existing idle mode mobility performance requirements from 25.133 shall be applicable.

· When measurement rules indicate that interfrequency or intersystem measurements are not required, the UE shall not interrupt the MBMS service at all to make measurements 

· There should be a limit on the maximum duration of a single interruption which is related to the MTCH TTI length. Both 12.5% and 25% of an MTCH TTI have been proposed on the MBMS reflector but there seems to have been some agreement 25% is a suitable figure in line with the maximum cell_FACH measurement occasion when MTCH is being received.

· Overall, the amount of interruption should be somehow be related to the DRX cycle length, as shorter DRX cycles typically involve more measurement activity and therefore imply more gaps in the MBMS service to make measurements. The exact mechanism for this was not agreed in RAN4#36 and is the subject of this discussion document.

2. Interfrequency measurement tasks

We believe that there are two main causes for interruptions to MTCH reception when interfrequency measurements are required. The first reason is to search for new neighbour cells, and the second reason is to monitor neighbour cells that have already been identified so that they can periodically be evaluated as potential candidates for reselection.

2.1 Interfrequency cell identification in idle mode

The minimum requirements for cell identification of FDD neighbours in idle mode are given in 25.133 as

CPICH Ec/Io is used as measurement quantity for cell reselection : “For non-identified inter-frequency cells, the filtering shall be such that the UE shall be capable of evaluating that inter-frequency cell has become better ranked than the serving cell within 30 s from the moment the inter-frequency cell became at least 3 dB better ranked than the current serving cell provided that Treselection timer is set to zero.”

CPICH RSCP is used as measurement quantity for cell reselection:  “For non-identified inter-frequency cells, the filtering shall be such that the UE shall be capable of evaluating that inter-frequency cell has become better ranked than the serving cell within 30 s from the moment the inter-frequency cell became at least 5 dB better ranked than the current serving cell provided that Treselection timer is set to zero.”

From these requirements we can see that at an absolute minimum the UE must be searching for new interfrequency neighbours at least every 30 seconds in idle mode on each carrier frequency.  This requirement does not give any information about how long each individual search would take, as this is propagation condition and implementation dependent.  However from simulation work done for cell_FACH and  cell_DCH states, Tbasic_identify,FDD has been chosen as 300mS, so it is clear that the time taken to identify new FDD cells can be considerable. Therefore cell identification is likely to need to be distributed over several MTCH interruptions, given the constraint about a single interruption not lasting >25% of an MTCH TTI. Splitting the cell search into several parts like this is very similar to the functionality which the UE uses to identify new cells in cell_FACH measurement occasions or cell_DCH compressed mode gaps so should not present a problem to UE manufacturers. However it is desirable that the gaps in MTCH reception which are being used to perform a cell identification operation are closely spaced to each other, so that the radio conditions do not change too much between the individual gaps.

It is also worth noting that there can be 2 FDD neighbour carrier frequencies, and to perform cell identification on both carrier frequencies may therefore require of the order of 600mS of reception every 30s.

2.2 FDD Interfrequency measurements in idle mode

The main requirements for interfrequency measurements are given in 25.133 as

“The UE shall measure CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1)  * TmeasureFDD (see table 4.1) for inter-frequency cells that are identified and measured according to the measurement rules. The parameter Ncarrier is the number of carriers used for FDD cells. The UE shall filter CPICH Ec/Io and CPICH RSCP measurements of each measured inter-frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least TmeasureFDD/2.”

Table 4.1 from 25.133 is copied below: 

Table 4.1: TmeasureFDD, TevaluateFDD, TmeasureTDD, TevaluateTDD, and TmeasureGSM
	DRX cycle length [s]
	Nserv  [number of DRX cycles]
	TmeasureFDD [s] (number of DRX cycles)
	TevaluateFDD [s] (number of DRX cycles)
	TmeasureTDD [s] (number of DRX cycles)
	TevaluateTDD [s] (number of DRX cycles)
	TmeasureGSM [s] (number of DRX cycles)

	0.08
	4
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)
	2.56 (32 DRX cycles)

	0.16
	4
	0.64 (4)
	2.56 (16)
	0.64 (4)
	2.56 (16)
	2.56 (16)

	0.32
	4
	1.28 (4)
	5.12 (16)
	1.28 (4)
	5.12 (16)
	5.12 (16)

	0.64
	4
	1.28 (2)
	5.12 (8)
	1.28 (2)
	5.12 (8)
	5.12 (8)

	1.28
	2
	1.28 (1)
	6.4 (5)
	1.28 (1)
	6.4 (5)
	6.4 (5)

	2.56
	2
	2.56 (1)
	7.68 (3) 
	2.56 (1)
	7.68 (3) 
	7.68 (3)

	5.12
	1
	5.12 (1)
	10.24 (2)
	5.12 (1)
	10.24 (2)
	10.24 (2)


Again, there is no indication of how long an individual measurement would take, as this may be implementation dependent. However, as the timing of the cell is known to the UE, it can be expected that the time to make measurements of known cells is shorter than the time to detect and identify new cells. Therefore we feel that a single interruption of the MTCH which is less than or equal to 25% of a TTI might be enough to make measurements on the known interfrequency neighbours on one carrier frequency.

3. InterRAT measurement tasks
We believe that there are two main causes for interruptions to MTCH reception when intersystem measurements are required. The first reason is to make RSSI measurements on all of the GSM carrier frequencies in the neighbour list, and the second reason is to perform BSIC verification on the carriers with largest RSSI to confirm their suitability as reselection candidates.

3.1 GSM RSSI measurements

The main requirements for GSM RSSI measurements in semi-idle states are found from 25.133 as

“The UE shall measure the signal level of the GSM BCCH carrier of each GSM neighbour cell indicated in the measurement control system information of the serving cell, according to the measurement rules defined in [1], at least every TmeasureGSM (see table 4.1).  The UE shall maintain a running average of 4 measurements for each GSM BCCH carrier. The measurement samples for each cell shall be as far as possible uniformly distributed over the averaging period. “

And

“For idle mode cell re-selection purposes, the UE shall be capable of monitoring: …Depending on UE capability, 32 GSM cells distributed on up to 32 GSM carriers,as indicated in cell information lists sent in system information (BCCH).”

From these requirements we can conclude that there could be a need for 32 GSM carrier RSSI measurements to be performed every Tmeasure,GSM , Again, there duration of an individual GSM RSSI measurement is dependent on UE implementation, however as no synchronisation is needed for an RSSI measurement it can be assumed to be a fast operation. From the operation in cell-FACH state it is also possible to get a good idea of how long an individual GSM carrier RSSI measurement takes. In cell-FACH, from 25.133 section 8.4.2.5.1, the number of GSM carrier RSSI samples that can be measured in a measurement occasion is as follows

Table 8.11

	Length of measurement occasion (frames)
	Number of GSM carrier RSSI samples in each measurement occasion, NGSM carrier RSSI.

	1
	16

	2
	32

	4
	64

	8
	128


We therefore believe that it would be possible to make 32 GSM carrier RSSI measurements in around 20mS, which could, for example, be distributed over either a single 20mS MTCH reception gap (in the case of an 80mS MTCH TTI) or two 10mS MTCH reception gaps (in the case of a 40mS MTCH TTI), or into shorter MTCH reception gaps if the UE manufacturer so chose. Four such samples should be filtered in accordance with the requirement in 25.133 section 4.2.2.5 to make a reselection ranking.

3.2 GSM BSIC identification

25.133 specifications also requires the UE to perform BSIC identification as follows

“If GSM measurements are required by the measurement rules in [1], the UE shall attempt to verify the BSIC at least every 30 seconds for each of the 4 strongest GSM BCCH carriers and rank the verified GSM BCCH cells according to the cell reselection criteria defined in [1]. If a change of BSIC is detected for one GSM cell then that GSM BCCH carrier shall be treated as a new GSM neighbour cell. 

If the UE detects a BSIC, which is not indicated in the measurement control system information, the UE shall not consider that GSM BCCH carrier in cell reselection. The UE also shall not consider the GSM BCCH carrier in cell reselection, if the UE cannot demodulate the BSIC of that GSM BCCH carrier”

Therefore there is a requirement for the UE to have sufficient inter-RAT measurement opportunities to perform 4 BISC verifications every 30s. We proceed in a similar manner  to the analysis done previously, and look at cell FACH state BSIC verification timing requirements. In cell_FACH state there are two separate types of BSIC operation – initial BSIC identification where the BSIC has never been previously identified and BISC reconfirmation which should be a considerably faster operation once the BSIC is known to the UE. The split between how much of time the UE is spending on initial BSIC identification and how much time it is spending on BSIC reconfirmation will depend on the UE operating conditions and environment. For the purposes of analysis we take a worst case approach where the UE is performing initial BSIC identification for 4 cells in every 30s. 

For initial BSIC identification in cell FACH state, the timing requirements are as follows

Table 8.13: The worst-case time for identification of one previously not identified GSM cell

	T_meas (ms)
	N_TTI=1 frame

Tidentify,GSM(ms)
	N_TTI=2 frames

Tidentify,GSM(ms)
	N_TTI=4 frames

Tidentify,GSM(ms)
	N_TTI=8 frames

Tidentify,GSM(ms)

	80
	2880 
	1280
	
	-

	160
	7680 
	2880
	1280
	640

	240
	29760
	5280 
	
	-

	320
	14080
	6400
	2560
	1280

	480
	34560
	12480
	2880
	1920

	640
	34560
	12800 
	5120
	2560

	960
	*
	24960
	5760
	3840

	1280
	*
	20480
	10240
	5120

	1920
	*
	34560
	15360
	7680


* Note:
There are no performance requirements for these combinations of parameters because they result in long identification time.

The case which is highlighted would correspond quite closely to the kind of MTCH gap pattern that might be available in the idle/semi-idle state for performing BSIC identification. In this cell_FACH case, if there are 20mS gaps every 80mS, T_identify,GSM is given in the table as 1.28 seconds which can be calculated to correspond to 16 gaps each of length 20mS. Therefore in this case, BSIC identification takes overall 320mS of GSM reception time.

If we assume that similar performance is available in the idle/cell_PCH/URA_PCH state, and that the UE could theoretically be requiring MTCH  interruptions to identify four new BSICs every 30s, this would correspond to a requirement for  a total of 4*320mS = 1.28s of GSM reception every 30s. Unfortunately this implies a rather high overall gap density of around 17% of all MTCH TTIs being affected BISC identification. However it should be noted that this is a very pessimistic analysis because it assumes that 4 previously unidentified BSICs have to be identified every 30s, and additionally that each identification takes the worst case time to perform. However we do not yet have any more realistic assumptions about how to draft a requirement for BSIC identification other than the worst possible case from the UE perspective, which is typically used for defining the minimum performance requirements. 

4. Time distribution of interruptions to MTCH/MCCH reception

In MBMS ad-hoc sessions in RAN4#36 there was some desire that the UE should distribute MTCH interruptions as evenly as possible within the DRX cycle. On the other hand, from a UE measurement performance point of view it is desirable to have interruptions which are closely spaced for certain operations so that radio conditions and the UE environment change as little as possible between interruptions. An example of this is 3G cell identification, which needs to be split over several MTCH interruptions. However there are other operations which are clearly rather independent of each other, such as measuring GSM carrier RSSI on different frequencies which can be done on any suitable interruption of the MTCH. 

However, as we have seen, 3G cell identification and GSM BSIC identification (if required) appear to be the most time consuming operations that need to be performed in semi-idle states. Since there are performance degradations if the interruptions for these operations are spaced apart in time, we considered that it may not be beneficial to introduce requirements on the time distribution of MTCH interruptions. In any event, we believe that the needed time distribution of interruptions may be very dependent on implementation and it could be rather difficult to agree general requirements in this area. 

The issue of interruption to MCCH reception has also been discussed on the MBMS reflector. Here the issue is that the MCCH is transmitted periodically and the UE measurement activity needs to be arranged so that its period does not cause measurements to coincide always with MCCH transmissions.  We believe that this requirement is needed in 25.133 and it is included in the CR proposal below.

.

5. Conclusions

In this paper we have examined some of the causes when a UE may need to interrupt MTCH reception to make intrefrequency or interRAT measurements, and we have developed some estimates of the density and duration of such interruptions, which are reflected in the wording proposal below. 

This discussion document suggests some proposals for  maximum gap durations for different DRX cycles. From these proposals we have proposed the following wording proposal for MTCH interruption in idle/semi-idle states. We would appreciate RAN4 feedback on this proposal and whether the idea is generally acceptable. We have a draft CR to 25.133 in R4-051283.
It should be noted that these figures are based on a worst case analysis, and normally the UE will be performing far fewer measurements than indicated in the analysis in appendix A. However the purpose of the analysis is to attempt to draft minimum performance requirements and we believe that these should be based on the worst case that can possibly be expected.

6. CR  Proposal for the idle mode/cell_PCH/URA_PCH  MTCH reception interruption requirements

>>> Beginning of CR proposal

4.2.2.3
Measurements of inter-frequency FDD cells

The UE shall measure CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1)  * TmeasureFDD (see table 4.1) for inter-frequency cells that are identified and measured according to the measurement rules. The parameter Ncarrier is the number of carriers used for FDD cells. The UE shall filter CPICH Ec/Io and CPICH RSCP measurements of each measured inter-frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least TmeasureFDD/2.

If CPICH Ec/Io is used as measurement quantity for cell reselection, the filtering shall be such that the UE shall be capable of evaluating that an already identified inter-frequency cell has become better ranked than the serving cell within (Ncarrier-1) * TevaluateFDD (see table 4.1) from the moment the inter-frequency cell became at least 3 dB better than the current serving cell provided that Treselection timer is set to zero. For non-identified inter-frequency cells, the filtering shall be such that the UE shall be capable of evaluating that inter-frequency cell has become better ranked than the serving cell within 30 s from the moment the inter-frequency cell became at least 3 dB better ranked than the current serving cell provided that Treselection timer is set to zero.

If CPICH RSCP is used as measurement quantity for cell reselection, the filtering shall be such that the UE shall be capable of evaluating that an already identified  inter-frequency cell has become better ranked than the serving cell within (Ncarrier-1) *  TevaluateFDD from the moment the inter-frequency cell became at least 5 dB better than the current serving cell provided that Treselection timer is set to zero. For non-identified inter-frequency cells, the filtering shall be such that the UE shall be capable of evaluating that inter-frequency cell has become better ranked than the serving cell within 30 s from the moment the inter-frequency cell became at least 5 dB better ranked than the current serving cell provided that Treselection timer is set to zero.

If Treselection timer has a non zero value and the inter-frequency cell is better ranked than the serving cell, the UE shall evaluate this inter-frequency cell for the Treselection time. If this cell remains better ranked within this duration, then the UE shall reselect that cell.

4.2.2.3.1
Additional requirements for measurement of inter-frequency cells when MBMS reception is active

If an MBMS service is being received then the following requirements additionally apply:

If the UE requires to interrupt MTCH reception to make interfrequency measurements, an individual interruption of  MTCH reception shall not exceed 25% of an MTCH TTI. 

When the UE evaluates that measurement rules in 25.304 indicate that  interfrequency  measurements are required to be made, and the UE needs to interrupt MTCH reception to make interfrequency measurements, the total  interruption time for interfrequency measurements shall not exceed the total of the following:

- 10mS of interruption to the MTCH reception every Tmeasure,FDD for measuring known FDD inter-frequency neighbours

- additionally 300mS interruption time every 30 seconds for searching for new FDD inter-frequency cells for each interfrequency carrier frequency
The UE shall ensure that inter-frequency measurement interruptions do not overlap constantly with the periodic MCCH transmissions.
When the UE evaluates that measurement rules in 25.304 indicate that interfrequency measurements are not required, the UE shall not interrupt MTCH reception for the purposes of making interfrequency measurements.
>>> End of first modified section

4.2.2.5
Measurements of inter-RAT GSM cells

The UE shall measure the signal level of the GSM BCCH carrier of each GSM neighbour cell indicated in the measurement control system information of the serving cell, according to the measurement rules defined in [1], at least every TmeasureGSM (see table 4.1).  The UE shall maintain a running average of 4 measurements for each GSM BCCH carrier. The measurement samples for each cell shall be as far as possible uniformly distributed over the averaging period. 

If GSM measuremenst are required by the measurement rules in [1], the UE shall attempt to verify the BSIC at least every 30 seconds for each of the 4 strongest GSM BCCH carriers and rank the verified GSM BCCH cells according to the cell reselection criteria defined in [1]. If a change of BSIC is detected for one GSM cell then that GSM BCCH carrier shall be treated as a new GSM neighbour cell. 

If the UE detects a BSIC, which is not indicated in the measurement control system information, the UE shall not consider that GSM BCCH carrier in cell reselection. The UE also shall not consider the GSM BCCH carrier in cell reselection, if the UE cannot demodulate the BSIC of that GSM BCCH carrier.

If Treselection timer has a non zero value and the inter-RAT GSM cell is better ranked than the serving cell, the UE shall evaluate this inter-RAT GSM cell for the Treselection time. If this cell remains better ranked within this duration, then the UE shall reselect that cell.
4.2.2.5.1
Additional requirements for measurement of inter-RAT cells when MBMS reception is active

If an MBMS service is being received then the following requirements additionally apply:

If the UE requires to interrupt MTCH reception to make inter-RAT measurements, an individual interruption of  MTCH reception shall not exceed 25% of an MTCH TTI. 

· When the UE evaluates that the measurement rules in 25.304 indicate that  inter-RAT  measurements are required to be made and the UE needs to interrupt MTCH reception to make GSM measurements, the total  interruption time for GSM measurements shall not exceed the total of the following

· 20mS of interruption time every Tmeasure,GSM for measuring  GSM carrier RSSI

· Additionally 1280mS interruptions every 30 seconds for verifying the BSIC of the 4 strongest GSM carriers

The UE shall ensure that inter-frequency measurement interruptions do not overlap constantly with the periodic MCCH transmissions.
When the UE evaluates that the measurement rules in 25.304 indicate that GSM measurements are not required, the UE shall not interrupt MTCH reception for the purposes of making GSM measurements.
>>> End of CR proposal

Appendix A : Example calculations on the impact to MTCH reception of this proposal

Note : These example calculations assume that GSM BSIC verification is done only after a GSM cell becomes better ranked in RSSI than the serving cell and therefore GSM BSIC verification has no impact in the normal operation of the MTCH reception in idle/semi-idle states
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	BSIC verification time
	
	
	
	
	
	
	
	
	
	
	
	

	Number of BSICs to be verified
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	mS
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	DRX cycle length [s]
	TmeasureFDD [s] (number of DRX cycles)
	Number of FDD measurements in 3840s
	FDD measurement activity in 3840s in mS
	FDD cell identification activity in 3840s in mS
	TmeasureGSM [s] (number of DRX cycles)
	Number of GSM measurements in 3840s
	GSM mesurement activity in 3840s in mS
	BSIC verification
	Total measurement activity in 3840s in mS
	Total measurement activity as %
	Number of MTCH transport blocks affected
	% of MBMS transport blocks affected

	0.08
	0.64
	6000
	60000
	76800
	2.56
	1500
	30000
	163840
	330640
	8.61%
	16532
	34.44%

	0.16
	0.64
	6000
	60000
	76800
	2.56
	1500
	30000
	163840
	330640
	8.61%
	16532
	34.44%

	0.32
	1.28
	3000
	30000
	76800
	5.12
	750
	15000
	163840
	285640
	7.44%
	14282
	29.75%

	0.64
	1.28
	3000
	30000
	76800
	5.12
	750
	15000
	163840
	285640
	7.44%
	14282
	29.75%

	1.28
	1.28
	3000
	30000
	76800
	6.4
	600
	12000
	163840
	282640
	7.36%
	14132
	29.44%

	2.56
	2.56
	1500
	15000
	76800
	7.68
	500
	10000
	163840
	265640
	6.92%
	13282
	27.67%

	5.12
	5.12
	750
	7500
	76800
	10.24
	375
	7500
	163840
	255640
	6.66%
	12782
	26.63%


