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1. Introduction
During the RAN WG1 Release-6 AdHoc meeting at Espoo, the following concern was raised for MBMS Selective Combining:

· “Before making any conclusions on the approval of Selective Combining for MBMS, the effects of mobility/measurements should be observed.” 

In this contribution, we address Selective Combining from the mobility/measurements perspective.

2. Selective Combining in relation to mobility/measurements

2.1. Intra-frequency cell change

In operation, most handovers fall under this category, and henceforth it is important to assure the continuity of MBMS services during intra-frequency handovers.

For the conventional 1RL reception, data will be lost if the target cell’s contents timing is advanced than that of the source cell.  For intra-RNC cells, the inter-cell timing difference can be assured to be within the order of TTIs.  For inter-RNC cells, the inter-cell timing difference may end up being small, but there is no guarantee.  Also, for both intra and inter-RNC cell changes, if MBMS information of neighbouring cells is not provided at the serving cell, further MBMS data will be lost while the UEs read BCCH & MCCH of the target cell to receive the MTCH information.  With outer coding, these lost packets may be recovered to some extent.

With Selective Combining on the other hand, there will be no data loss during intra-RNC cell change since the UE is already receiving data from multiple cells.  This is quite beneficial for the continuity of MBMS services.  For the inter-RNC case, however, inter-cell timing cannot be assured for Selective Combining, and packets could be lost.  With outer coding, these lost packets may be recovered to some extent.

2.2. Inter-frequency/RAT measurements

To make inter-frequency/RAT measurements, UEs will create gaps in their MBMS reception, and data will be lost during this time.

Measurement gap pattern during MBMS reception

When in CELL_FACH, UEs are allowed to perform inter-frequency/RAT measurements during a whole TTI, and the measurement cycle is a multiple TTIs.  However, for longer S-CCPCH TTIs such as 40ms and 80ms with which MBMS is likely to be served, UEs will not need a whole TTI to perform successful measurements.  It seems that a reception gap length of 7slots with appropriate gap length patterns, as in the CELL_DCH compressed mode, will be adequate for inter-frequency/RAT measurements during MBMS reception.  Specifically, a gap length of 7 slots and a measurement cycle of 40ms, in which the gap density becomes 11.67% (a practical value in which successful measurements can be made), may be practical.

MBMS BLER degradation due to measurements

The reception gaps will incur a degradation of the BLER at the UEs.  Assuming a gap length of 7 slots and a measurement cycle of 40ms, the degradation from 1% BLER when no measurements made, has been evaluated qualitatively for the 1 RL reception and Selective Combining scenarios.  The results are shown in Table 1 and the details of the evaluation are presented in the annex.  For the Selective Combining scenarios, the worst-case BLER degradation as explained in the annex (no timing difference nor power imbalance b/w RLs), is provided.  Also note that this evaluation was performed for a 64kbps channel under Case 2 conditions for a UE with -3dB Geometry

Table 1 – BLER degradation due to inter-frequency/RAT measurement (64kbps, Case 2, G = -3dB)

	Reception scenario
	Gap Length
	Measurement Frequency
	Gap density
	Degraded BLER (from 1%)

	Conventional

(1RL, 80ms TTI)
	7 slots
	Once every 4 radio frames
	11.67%
	1.68%

	Selective Combining

(2RL, 80ms TTI)
	7 slots
	Once every 4 radio frames
	11.67%
	2.44% (worst case)

	Selective Combining

(2RL, 40ms TTI)
	7 slots
	Once every 4 radio frames
	11.67%
	2.03% (worst case)


Considering that the BLER with measurement gaps considered is less than 2.44% (which is degraded from the 1% BLER without measurements) at the worst case, and that system gains of Selective Combining are in the order of 2.3-6.2dB [1], it seems appropriate to adopt Selective Combining for Release-6 MBMS.  Note that to achieve 1% BLER with the specific measurement gap pattern considered, an additional 0.54dB of the Node-B power must be allocated to budget the 11.67% gap density for all scenarios.

Protection against MBMS data loss during measurements provided by Selective Combining

If MBMS contents are transmitted at neighbouring cells with timing offsets, Selective Combining can provide protection against data loss due to measurements.  If the same MBMS data on different RLs reach the UE at different timings, lost data at one RL due to a measurement gap can be recovered from the other RL.  However, it might be better to think of this gain just as an extra margin in the design.
3.  Conclusion

In this contribution, we addressed Selective Combining from the mobility/measurements perspective.  As a conclusion, the following is concluded:

· Selective Combining is beneficial for intra-RNC mobility in that no loss of data is incurred at cell change as in the conventional 1RL reception

· BLER degradation of Selective Combining scenarios due to inter-frequency/RAT measurements is not that significant for a reasonable reception gap density.  Specifically, with gap density of 11.67%, the original 1% BLER of a 64kbps MBMS channel under the Case 2 path model is degraded to 2.44% and 2.03% at the worst case, for Selective Combining of 2RLs with 80ms and 40ms TTI, respectively.  Considering that the system gains of Selective Combining are in the order of 2.3-6.2dB [1], it seems appropriate to adopt Selective Combining for Release-6 MBMS.

· Also, if the timing offsets are set between RLs for Selective Combining, protection over data loss due to inter-frequency/RAT measurements may be provided.  However, it might be better to think of this gain as an extra margin.

Reference

[1] R1-04-0303, “Summary of system gains and UE complexities of MBMS Selective Combining ”, NTT DoCoMo, RAN WG1, 3GPP TSG RAN WG1 #36

Annex: BLER degradation in MBMS reception due to mobility measurement
A1.
Evaluation methodology

A qualitative approach was taken in order to evaluate the BLER degradation in MBMS reception due to mobility measurement gaps in UE reception.  In detail, the approach is as follows.  First, the required Node-B Tx Ec/Ior to achieve 1% BLER was attained via link simulations not accounting for the measurement gaps.  Next, the gap density of the measurement gap pattern was translated into reception power loss at the UE.  Referring back to the link curves, the BLER degradations due to measurement gaps (reception power loss) were obtained.  An example is illustrated below.

Example
The assumed measurement gap pattern is described below:

· measurement duration = 7slots

· measurement period = 4 radio frames

The gap density is then calculated as follows:

· gap density = (gap length during a measurement)/ (length of a measurement cycle)

= (7slots)/(4 radio frames)

= 11.67%

The corresponding reception power loss at the UE is 0.54dB.

In Figure A1, a BLER curve for a 64kbps MBMS channel with 80ms TTI under the Case 2 path model and –3dB Geometry, obtained from link simulations not accounting for the measurement gaps, is shown.
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Figure A1 – Illustration of the evaluation methodology

From Figure A1, it can be seen that if –7.74dB of the total Node-B transmission power is allocated, 1% BLER can be achieved.  However, there exists a measurement gap density of 11.67% for the measurement pattern described above, and this translates to a 0.5dB loss of reception power at the UE.  Therefore, the BLER is degraded to 1.68% as in Figure 1.

Note 1: The steeper the BLER curve, the larger the BLER degradation will be due to mobility measurement gaps.

Note 2: Additional Node-B power required for retaining the 1% BLER will be equal to the reception power loss at the UE.

A2.
Scenarios Considered

Reception Scenarios:

The following scenarios were considered.

1. 1RL reception with 80ms TTI (Geometry = -3dB)

2. Selective Combining of 2RLs with 40ms TTI (Geometry 1 = Geometry 2 = -3dB)

3. Selective Combining of 2RLs with 80ms TTI  (Geometry 1 = Geometry 2 = -3dB)

Note 1:
Geometry was set at –3dB as it is representative of UEs performing inter-frequency/RAT measurements.

However, it is not a big issue since the slopes of the BLER curves for different Geometry values are the same.

Note 2:
Link imbalance of the Selective Combining RLs are set to 0dB (Geometry 1 = Geometry 2) to illustrate the worst-case BLER degradation.  When there is a link imbalance, the BLER curve will be less steep.

Note 3:
If the same MBMS data on the different RLs arrive at different timings, lost data at one RL due to a measurement gap can be recovered from the other RL.  However, this case is not considered, and henceforth the BLER degradation for the Selective Combining scenarios are of the worst-case.

Measurement Gap Pattern:

In CELL_DCH, UEs perform inter-frequency/RAT measurements utilizing gap lengths of 7, 10 or 14 slots.  Typically, in order to achieve a satisfactory measurement performance, 10-15% gap density is required, and so the measurement period is set to around 4, 6 or 8 frames.  Gap density is the ratio of gap lengths and measurement period.   

In CELL_FACH, UEs are allowed to perform inter-frequency/RAT measurements over one whole S-CCPCH TTI.  The allowed measurement period is dependent on the TTI length, and it is shown together with the gap density in Table 1 below.

Table A1 – CELL_FACH inter-frequency/RAT measurement patterns

	TTI
	Measurement duration
	Measurement period
	Gap density

	10ms
	1 TTI (10ms)
	80, 160, 320, 640ms
	12.5, 6.25, 3.125, 1.5625%

	20ms
	1 TTI (20ms)
	80, 160, 320, 640ms
	25, 12.5, 6.25, 3.125%

	40 ms
	1 TTI (40ms)
	160, 320, 640ms
	25, 12.5, 6.25%

	80 ms
	1 TTI (80ms)
	160, 320, 640ms
	50, 25, 12.5%


However, it doesn’t make much sense to lose MBMS data for a whole TTI to measurement, and we suggest measurement to be performed in 7, 10 or 14 slots as in the CELL_DCH state.  In doing so, measurement period must also be altered to provide appropriate gap density.

In Table A2, a measurement gap pattern, which may be considered for MBMS UEs both in CELL_DCH and CELL_FACH state, is shown.  This patterns have been considered when evaluating the BLER degradation.

Table A2 – Measurement gap patterns used for evaluation

	Measurement duration
	Measurement Frequency
	Gap density

	7 slots
	Once every 4 radio frames
	11.67%


A3.
Results

Link results for a 64kbps MBMS channel under Case 2 is shown in Figure 2 for all reception scenarios.  Again, the losses due mobility measurement gaps were not considered in the simulation.
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 Figure 2 – Link simulation results

The degradation from 1% BLER for all reception scenarios are summarized in Table A3.

Table A3 – BLER degradation due to inter-frequency/RAT measurement (64kbps, Case 2, G = -3dB)

	Reception scenario
	Gap Length
	Measurement Frequency
	Gap density
	Degraded BLER (from 1%)

	Conventional

(1RL, 80ms TTI)
	7 slots
	Once every 4 radio frames
	11.67%
	1.68%

	Selective Combining

(2RL, 80ms TTI)
	7 slots
	Once every 4 radio frames
	11.67%
	2.44% (worst case)

	Selective Combining

(2RL, 40ms TTI)
	7 slots
	Once every 4 radio frames
	11.67%
	2.03% (worst case)
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