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1. SUMMARY

This contribution illustrates MBMS reception degradation due to DRX during FACH measurement occasions.  We present both link level and system level simulation results, considering cases with 1-3 radio links at the link level, and the case where MBMS is available on all cells at the system level. We evaluate both selection and soft combining diversity. 

From our link and system level investigations we make the following observations for the case where measurement gaps are 10ms long:

· Performance losses due to measurements decrease if the UE selection or soft combines radio links at different delays.  If radio links are received at different delays such that the measurements do not affect the same part of a TTI
, the performance can improve by more than 2 dB for 20ms TTI, but only 0.1 dB or so for 80 ms TTIs.

· If the transmissions from all node-Bs in a selection or soft combining case are perfectly synchronized, the performance loss due to measurements is the highest and can be close to 4 dB for short TTIs (20 ms), and as low as 1 dB for long TTIs (80 ms).

· System level simulations assuming asynchronous cells and 80ms TTI show measurement degradations of 0.5 and 0.7 dB for 3 soft combined radio links and 2 selection combined radio links, respectively.  For 40ms TTI, the degradations for these cases are slightly higher: around 0.7 and 1.0 dB.

· Although there are conditions where 20ms TTI can outperform 40ms TTI due to limits in UE capability, we find no strong technical case for the inclusion of 20ms TTIs in UE capability unless there is a need for data rates of 512kbps or more.

The overall impact of degraded CELL_FACH performance should also be taken into account.  RAN2 indicated in an LS [
], ”Finally it was noted in RAN2 that UEs are in CELL_FACH state for only a short period of time, and that this is normally used as a transition state from or to CELL_DCH state.”  Given that the UEs enter CELL_FACH infrequently and for brief periods, then the degradation due to measurements in this state will be lessened.

We thus conclude:

· If the node-Bs’ transmissions are not tightly synchronized or if 80ms TTI is used, the performance loss due to measurements in CELL_FACH can be kept to around one dB or less when a 10ms measurement gap is used.  Especially assuming infrequent, brief, use of CELL_FACH state under these conditions, we do not see a reason for much concern for the impact of measurements in this state.

· Unless there is a need for data rates of 512kbps or more, 20ms TTI should not be listed in MBMS minimum UE capability.

2. LINK LEVEL INVESTIGATIONS

2.1 Simulation Environment

Specification [
] lists the UE capabilities in terms of supported channel configurations. We have selected some of the principal 40 ms and 80 ms TTI combinations from the working assumption in [
], and evaluate two 20ms TTI cases as well. As mentioned above, for the 2 and 3 radio link (“RL”) cases, the performance of the selection and soft combiners varies depending on the delay between of node-B transmissions. An example of cases with relative delay between the node-B transmissions is shown in Figure 2 and 3.  These cases are useful to illustrate the performance impact of inter radio link delays at the link level.  System level simulations presented later consider the performance when the relative delay between links to be combined varies.

We examine the following conditions in CELL_FACH:

1. 1 RL, 40 ms, SF=8, 256 kbps

2. 1 RL, 40 ms, SF=16, 128 kbps

3. 1 RL, 80 ms, SF=16, 128 kbps

4. 2 RLs, 40 ms TTI, Selection combining, SF=8, 256 kbps 

a. Relative Scheduling delay of 0 ms (Figure 1.a)

b. Relative Scheduling delay of 20 ms (Figure 1.b)

5. 3 RLs, 40 ms TTI, Soft combining, SF=8, 256 kbps

a. Relative Scheduling delay of 0 ms

b. Relative Scheduling delay of 20 ms (Figure 2)

6. 3 RLs, 40 ms TTI, Selection combining, SF=16, 128 kbps

a. Relative Scheduling delay of 0 ms

b. Relative Scheduling delay of 20 ms (Figure 2)

7. 3 RLs, 40 ms TTI, Soft combining, SF=16, 128 kbps

a. Relative Scheduling delay of 0 ms

b. Relative Scheduling delay of 20 ms (Figure 2)

8. 2 RLs, 80 ms TTI, Selection combining, SF=16, 128 kbps

a. Relative Scheduling delay of 0 ms

b. Relative Scheduling delay of 40 ms (Figure 1)

9. 3 RLs, 80 ms TTI, Soft combining, SF=16, 128 kbps

a. Relative Scheduling delay of 0 ms

b. Relative Scheduling delay of 40 ms (Figure 2)

10. 3 RLs, 20 ms TTI, Selection combining, SF=8, 256 kbps

a. Relative Scheduling delay of 0 ms

b. Relative Scheduling delay of 10 ms (Figure 2)

11. 3 RLs, 20 ms TTI, Soft combining, SF=8, 256 kbps

a. Relative Scheduling delay of 0 ms

b. Relative Scheduling delay of 10 ms (Figure 2)

If the TTIs are perfectly aligned, then the same MBMS bits from all the base stations are DRXed when the UE makes measurements (during a “FACH measurement occasion”). If the TTIs are misaligned by at least the measurement gap then the UE receives all bits (but not necessarily at the same power level). This allows the soft combiner to perform better than the case when the TTIs are perfectly aligned.  If the measurement gaps occur in different TTIs, then the selection combiner performance improves.

We limit our study to the case where the UE DRXs for 10ms once every 80ms.  This is the most frequent measurement rate allowed in CELL_FACH state [
, 
] and assumes a TTI size in common use in release ’99 networks [
]. Note that since FACH measurement occasions protect the dedicated FACH, FACH measurement occasion parameters are dictated by the dedicated FACH rather than MBMS FACHs.    Furthermore, as RAN2 indicated [1], the UE does not typically stay in CELL_FACH state for long periods, and so this analysis is pessimistic with respect to the net impact on MBMS reception.
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Figure 1. Relative Scheduling Delays with 2 RLs
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Figure 2. Relative Scheduling Delays with 3 RLs

2.2 Simulation Results

Simulations showing the required Ec/Ior for all the above cases are given below. Table 1 lists the typically used important simulation parameters.

Table 1: Parameters

	Parameter
	Value
	Remarks

	Spreading Factor
	16, 8
	

	Data Rate
	128 Kbps, 256 Kbps
	

	Diversity Combiner
	Selection, Soft
	

	1st RL Geometry
	-6 dB
	1 RL

	Pilot Ec/Ior
	-10 dB
	

	SCH Ec/Ior
	-15 dB
	

	Channel
	Vehicular A
	

	Speed
	3 kmph
	

	Turbo Decoder
	Max Log-MAP
	

	Channel Estimation
	Ideal
	


Note the 1st RL geometry is the SNR of the 1st (“primary server”) RL. The implication of this condition is that we ensure that the “primary server” SNR defined as a ratio of average power spectral densities, 
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 (which is also the geometry for 1 RL case), is the same for all macro-diversity conditions. For instance, with 3 RLs and macro-diversity branch relative powers of 1:0.5:0.25, a geometry value, 
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 of -6 dB is true. This allows a more or less fair comparison with respect to the 1 RL case. The following table presents the simulation results for the list of test conditions in the previous section.

Table 2.a: Required Ec/Ior (dB) for the various test conditions (without measurement gaps)

	Test Index
	Data Rate

(kbps)
	TTI

(ms)
	Diversity

Type, # RL
	Imbalance:

(0,0) or (0,0,0) 
 dB
	Imbalance:

(0,-3) or (0,-3,-6) dB

	1
	256
	40
	None, 1
	>-1
	NA

	2
	128
	40
	None, 1
	>-1
	NA

	3
	128
	80
	None, 1
	-1.9
	NA

	4
	256
	40
	Select, 2
	-2.9
	>-1

	5
	256
	40
	Soft, 3
	-8.2
	-4.8

	6
	128
	40
	Select, 3
	-7.1
	-4.3

	7
	128
	40
	Soft, 3
	-11.1
	-7.7

	8
	128
	80
	Select, 2
	-6.3
	-4.3

	9
	128
	80
	Soft, 3
	-11.5
	-8.8

	10
	256
	20
	Select, 3
	-4.3
	-1.1

	11
	256
	20
	Soft, 3
	-8.1
	-4.6


Table 2.b: Required Ec/Ior (dB) for the various test conditions (with measurement gaps)

	Test Index
	Data Rate (kbps)
	TTI (ms)
	Diversity

Type, 

# RL
	Imbalance: 

(0,0) or (0,0,0) dB
	Imbalance: 

(0,-3) or (0,-3,-6) dB

	
	
	
	
	Ec/Ior: No Rel.

Sched. Delay
	Ec/Ior: W/ Rel.

Sched. Delay
	Ec/Ior: No Rel.

Sched. Delay
	Ec/Ior: W/ Rel.

Sched. Delay

	1 
	256 
	40
	None, 1
	>-1
	NA
	NA
	NA

	2
	128
	40
	None, 1
	>-1
	NA
	NA
	NA

	3
	128
	80
	None, 1
	-1.2
	NA
	NA
	NA

	4
	256
	40
	Select, 2
	-1.4
	-2.1
	>-1
	>-1

	5
	256
	40
	Soft, 3
	-6.7
	-7.4
	-3.3
	-4

	6
	128
	40
	Select, 3
	-5.8
	-6.3
	-2.9
	-3.3

	7
	128
	40
	Soft, 3
	-9.6
	-10.3
	-6.2
	-7

	8
	128
	80
	Select, 2
	-5.5
	-5.6
	-3.3
	-3.3

	9
	128
	80
	Soft, 3
	-10.7
	-10.8
	-7.4
	-7.5

	10
	256
	20
	Select, 3
	>-1
	-2.4
	>-1
	>-1

	11
	256
	20
	Soft, 3
	-4.3
	-6.5
	-1.1
	-3.4


2.3 Discussion
The above table shows the performance for the various test conditions. One can make an interesting observation from the above tables with respect to relative scheduling delay (“staggering”) of MBMS TTIs from multiple base stations for the same service. Note that the performance is better when there is at least as much relative delay as the measurement gap. This is due to the diversity provided to those bits that are DRXed. Overall, we find that if the UE can soft combine multiple radio links whose transmissions are staggered and if TTI sizes larger than 20ms are used, the losses due to measurements are less than 1 dB.  However, if shorter TTIs are used, when the radio links are tightly time aligned, or if only 1 radio link can be received, losses can be close to 4 dB.  

We also note that the difference between staggered and synchronized radio links is more dependent on TTI size than the combining type or the number of radio links.  For 40ms TTI, the difference varies from 0.5 to 0.8 dB for cases including both selection and soft combining with 2 or 3 radio links.   However, for 80ms TTI, the differences are around 0.1 dB.

Considering the 20ms TTI results, we observe there is more sensitivity to measurements for both soft and selection combining.  For 3 soft combined radio links, we observe a little over 2 dB range of performance from the (worst case) perfectly synchronized radio links to the (best case) non-overlapping measurements case.  By contrast, the equivalent cases for 40ms TTI differ by about 1 dB.  However, the smaller TTI size does allow more radio links to be used in the case of selection combining, and when the measurements are staggered and radio links are equal power, 20ms TTI slightly outperforms the 2 radio link 40ms TTI in test 4 (which is listed as a UE capability in [3]).   When the TTIs are not staggered, the impact of measurements is greater, and 2 selection combined radio links with 40ms TTI is a few tenths dB superior to 20ms with 3 radio links.  We therefore observe that 20ms TTI can be marginally beneficial for selection combining at high data rates.  However, the highest data rates consume a large fraction of node B power when selection combining is used.  The smaller TTI size could be useful to allow higher data rates (512kbps or more) for soft combining, if the minimum spreading factor were to be reduced from the working assumption of 8 to 4.  However, SA1’s MBMS use cases [
] have data rates of no more than 384kbps, so support for spreading factor 4 in the physical layer may be overkill.  Therefore, we find no strong technical case for the inclusion of 20ms TTIs in UE capability unless there is a need for data rates of 512kbps or more, and MBMS UE capability can be extended to support spreading factor 4.

3. SYSTEM LEVEL INVESTIGATIONS

The previous section presented the link level analysis elucidating the performance loss of MBMS due to FACH measurement occasions. These link simulations were performed for specific geometry and radio link imbalance conditions. In order to better determine the true performance impact in the system, we conducted system level simulations using a system simulator with a “semi-analytic” modem model.  For each position in the cell, the modem model calculates BLER for each TTI using the average SINR over that TTI and if the received radio links are completely aligned or misaligned. Two sets of AWGN link simulations, with and without the lost radio frame are used for the misaligned and aligned cases, respectively.  The node-Bs transmissions were randomly staggered in units of complete radio frames, and the TTIs are scheduled from neighboring cells to within ±1/2 TTI at radio frame boundaries. Therefore, the TTIs between any two cells are perfectly aligned with a probability of 25% and misaligned with a probability of 75%. 

Note that we assume that all cells transmit MBMS, and so this analysis is most suited to inter-frequency measurements.  It is less clear what the impact of measurements is for GSM inter-RAT measurements, since these are presumably near the edge of UMTS coverage, which will reduce the number of radio links the UE may use for macro diversity, but also reduce the amount of other cell interference.

3.1 Simulations

System Simulations were performed for some of the test conditions, in a vehicular A 3 km/h channel. Figure 3 shows the simulation results for the 40 ms TTI, 256 kbps service conditions.  The use of 40ms TTI makes this the most demanding condition from a measurements point of view (unless 20ms TTI sizes are agreed for MBMS). Figure 4 shows the simulation results for 80 ms TTI, 128 kbps service condition. This case is expected to be a rather common condition.

It is seen from the results for the 40 ms TTI case that at 95% coverage, the performance degradation due to measurements is just over 1 dB for test index 4, which is similar to that observed with link results at equally balanced radio links ( 0,0 or 0,0,0 dB imbalance) and staggered transmissions. For test index 5, the system simulations show about 0.7 dB of performance degradation similar to that observed with link results. Furthermore, note that selection combining shows more loss in the system simulation results than soft combining because selection is performed between 2RLs and soft combining is for 3RLs. Another interesting point to note is that the equally balanced radio links condition from the link simulations is representative of the system level performance.  For the 80 ms TTI case, the performance loss due to measurements is about 0.7 dB for selection and 1RL conditions, but with soft combining the performance loss is 0.5 dB.
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Figure 3: Required Ec/Ior (dB) for MBMS for 256kbps
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Figure 4: Required Ec/Ior (dB) for MBMS for 128kbps

� Note that unless otherwise noted, TTI sizes are for the FACH carrying MTCH


� Imbalance (0,0) implies 2 RLs, and (0,0,0) implies 3 RLs; except Tests 1, 2, and 3 which are for 1 RL
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