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1. Introduction

We propose a scheduling based soft combining approach for MBMS.  The general concepts are: 

1. The data to be soft combined are signaled slowly to the UE.

2. The TTIs to be combined will have the same transport formats.

3. The UE may obtain all the scheduling information it needs for soft combining from the serving cell.

4. Independent scheduling of services on cells is supported.

2. discussion

Soft combining of the same data stream from multiple cells can give MBMS significant system gain. MBMS services can tolerate significant delay because MBMS is designed to support streaming and download services, and these services have low ratios of peak data rate to average data rate. It was shown in [
] that little gain can be obtained by TFCI based fast scheduling. In order to reduce network scheduling and UE reception complexity, we therefore propose a scheduling based soft combining method for MBMS.

We consider time division multiplexed scheduling of MBMS services where cells may have different services. The scheduling is updated periodically via MSCH or MCCH, and the scheduling update period can be pre-defined (to say, a 5s period) or transmitted through e.g. the BCCH.  

The services are synchronized between cells to approximately 1 TTI, as has been agreed in RAN1 [
].  This can increase the amount of time the UE may sleep over when (unsynchronized) selection combining is used, since the UE will not have to stay awake longer while it waits (say, hundreds of milliseconds) to receive multiple radio links. 

The advantages of this signaling based scheduling approach to soft combining are: 

1) The full soft combining gain can be obtained independent of TFCI performance.

2) The UE can use scheduling information to “sleep”, improving battery life.

3) Soft combining can be easily signaled and controlled.

The scheduling is characterized by 3 parameters: start time, duration, and scheduling period length. The start time is the SFN index
 where the first frame of the first transport block in the scheduling period will be transmitted (The RNC can be aware of the SFN offset between any two cells by the node synchronization procedure [
], which can be directly utilized to derive the start SFNs for multiple cells).  The duration is the number of TTIs that will be transmitted consecutively.  The scheduling period length is the duration of the scheduling period, which should be fixed and identical for all cells. As with the scheduling approach of [
], the UE need only stay awake during the scheduled TTIs that contain the data of interest to the UE. 

Here is a simple example of scheduling where services 1, 3, and 5 are soft combined, but services 2 and 4 are not.  


 



3. Signaling Consideration and overhead 

The scheduling information could be notified to the UE at the start of the scheduling period. There are two alternatives here, 1) the scheduling parameters are only valid for that scheduling period; therefore at the start of each scheduling period, new scheduling information should be transmitted for all the services which are using that scheduling period; or 2) The scheduling parameters are valid all the time unless the network explicitly changes it; therefore, when a service is scheduled by certain parameters in one scheduling period, these parameters are also valid in the future scheduling parameters unless the network sends information for update or release.  Although we have no strong preference for either alternative, the first is slightly simpler as it does not require explicit release of the time slots, although it can require a little more signaling overhead.  We therefore prefer that the scheduling parameters are only valid for the scheduling period, since our expectation is that the signaling load will not be high. The scheduling information can be transmitted via the MCCH, including the neighboring cell’s scheduling information (hence the UE may obtain all the information it needs to soft combine all radio links from the serving cell). 

We consider the overhead required for scheduling below. 
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Rs : data rate needed for soft combining scheduling (in bits/s)

αi : Number of bits for start SFN representation, SFN from 0 to 4095, 12 bits;   

βi: Number of bits for scheduled duration (in TTI). Depends on the maximum supported data rate, the scheduling period, TTI length, and spreading factor. 8 bits for 5s scheduling period with a 20 ms TTI would allow 100% duty cycle for a service. 

f:  Scheduling frequency. It is normally the inverse of the modification period (ie. 1/f = 5s) if MCCH is used.

M: Average number of service needed to be scheduled per scheduling period.         

As an example, assuming M=10, f=0.2, the signaling cost is around 20 bits/seconds (not considering repetition).  

4. Soft combining and support of 256 kbps

In order for MBMS to support as many of the services envisioned in the MBMS requirements [
], and to be competitive with other air interfaces [
,
], RAN1 has agreed to an MBMS minimum UE capability that supports 256 kbps.    Without soft combining, it is our view that 256 kbps is at best impractical, and that 384 kbps is nearly impossible.  We provide system simulation results in figure 1 below illustrating this point.  
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Three curves are shown: single antenna transmission (‘ptm’), selection combining (‘sc’), and soft combining (‘so’).  The simulation conditions correspond to those supported by minimum UE capability at 256 kbps [2]: selection combining with 2 radio links at 40ms TTI, soft combining with 3 radio links at 40ms TTI
, and single antenna transmission with 80ms TTI.  The simulations conditions are ideal; errors from channel estimation and the like are not included in the simulation.  Additional details on the simulation assumptions are in the Appendix.

We see that 256 kbps can’t be supported without macro diversity under relatively common channel conditions at 95% coverage, since more than –1 dB Ec/Ior (75% of cell power) is required. Selection combining will require 63% of total cell power, while soft combining needs 21% of cell power.  If we assume that 25% of cell power is used for overhead channels (pilot, synch, BCCH, etc,) then only 12% of cell power remains when selection combining is used, while 54% is available when soft combining is used.

It is our feeling that a remainder of 12% cell power (under ideal conditions) is not adequate.  Even if the whole cell were dedicated to MBMS, we must still allow for some implementation losses, occasional impacts due to measurements losses, dedicated channel resource for e.g. point to point repair and/or delivery verification, periodic repetitions of services for late joining users, etc.  If we assume other services such as voice or HSDPA are also to be offered, then it seems quite unlikely that 256 kbps may be supported with selection combining alone.

We note that soft combining enables the use of 384 kbps under these channel conditions, while it is not possible with selection combining.  We consider 384 kbps because it is a frequently mentioned use case for video related content in SA1 requirements [5].  Since 384 kbps will require about 50% more power than 256 kbps, then selection combining will require about 120% of cell power (given 25% overhead).  However, soft combining will need around 57% power (including overhead).  Note that the minimum UE capability can support 384 kbps with soft or selection combining using rate 0.375 coding and a 40ms TTI.

5. Synchronization Considerations

In order to derive the start SFNs for a service for multiple cells, the RNC must determine the SFN difference between two cells that may be soft combined (note that the cell transmission timing difference is implicitly included in this procedure).   The SFN difference between adjacent cells can be measured with the node synchronization procedure [3].   
Timing offsets due to oscillator drift will require periodic adjustments.  Using the synchronization procedure, the RNC can adjust the start time to compensate for any drift.  The granularity of the adjustment should be 1 TTI in order to be consistent with existing specification’s requirement that reconfigurations be on a TTI boundary [
].

6. conclusion and recommendation

We have discussed a scheduling based soft combining approach to MBMS soft combining.  It uses signaling on the serving cell to indicate to the UE the radio frames and cells that may be combined, and allows physical channel bits to be directly soft combined.  The approach therefore makes soft combining relatively robust, simple for the UE, and enhances the ability of the UE to sleep to save battery life.

Because soft combining:

· makes practical the services that drove minimum UE capability and enables those services called for by SA1;

· makes the service more competitive with other standards; and 

· allows other services such as voice and HSDPA to be present in the same cell with MBMS, 

we feel it is important to include soft combining in release 6.

7. References

Appendix: Simulation assumptions

Parameters used to compute the geometry are:

	Parameter
	Explanation/assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	57 sectors (3 rings)

	Simulation type
	Snapshot
	

	Cell radius
	1000 meters
	

	Antenna Pattern
	Gain=min (12((/(3dB)^2,20)
	Front-to-back-ratio=20dB

Half-power-beamwidth=70( 

	Propagation Model
	PL=128.1+37.6log10(d)
	D in Km

	Lognormal std.
	8dB
	

	Correlation between sectors
	1
	

	Site-to-site correlation
	0.5
	

	Carrier frequency
	2GHz
	

	BS antenna gain
	14dB
	

	Noise
	None
	Assuming interference limited

	BS total power 
	17Watts or 42.3dBm
	

	Antenna Bore-sight 
	points toward flat side of cell.
	


Parameters used to compute the coverage are:

	Parameters
	Value

	Channel
	Vehicular A 

	Spreading Factor
	8

	Mobile Speed
	3 km/h

	Channel Estimation
	Ideal

	Channel Coding
	Turbo, QPSK, 3GPP Rate matching

	Receiver
	Ideal Rake

	Interleaver Frame Size
	40ms

	FER Requirement for Coverage
	1%
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� Note that we could also use CFN instead of SFN, as these are equivalent for the FACH. SFN index varies from 0 to 4095.


� Note that 3 radio links were used in the minimum UE capability for soft combining, because soft combining is efficient enough with memory usage that it requires about the same amount of memory as selection combining with 2 radio links.
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