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1. Summary and recommendations

We provide some first results on the benefits of cell specific service scheduling (where a service may be scheduled differently on different radio links) for MBMS macro diversity soft combining.  We consider the impact of delay constraints between radio links, and compare cell specific scheduling to simulcast transmission (where physical channels to be combined must be identical over a service area).  The system studied is a single physical channel that is time division multiplexed (“TDM”) to support multiple services, as proposed in [
,
].  We find:
· Independent scheduling of services on cells can greatly reduce the number of physical channels over that needed for simulcast transmission when users interested in the services are geographically concentrated.  For example, if each service is concentrated in an area, better than 10 times fewer physical channels can be needed to cover a 19 site, 57 sector service area.

· Allowing multiple TTI delays between radio links to soft combine reduces the required number of physical channels.  In our example simulations, allowing soft combining with multiple TTIs of delay can require about 1.5 to 2 times fewer physical channels than if no delay is permitted between the radio links.  Furthermore, if a small number of slots of delay is allowed, then the majority of the gain can be obtained.

Note that this use of a TDM S-CCPCH may have benefits beyond improved scheduling performance.  TDM reduces the number of physical channels the UE needs to receive, and so simplifies (soft or selection) combining of multiple services and eases the reception of MCCH.  Also, since services are not always present, the network can exploit this extra flexibility to reduce the impact of measurements (especially in Cell_DCH state) in addition to other tools such as longer TTI and macro diversity.

Given these observations, we would recommend that TDM based cell specific scheduling be supported for MBMS soft combining and that radio links to be soft combined be permitted to have delays of multiple TTI.  As the simulation results in this contribution are a first look at the benefit from increased delay, further study is needed to develop a careful performance based argument for a maximum delay.  However, if MBMS UE capability definitions allocate MBMS resource independently from other services in the UE, then there may be less motivation to reduce the minimum radio link delay, and simply to assume that the maximum delay is that which can be supported by the buffer size needed for selection combining.

2. system level simulations

We model the use of a single physical channel (S-CCPCH) per cell that is time division multiplexed to contain multiple MBMS services.  The time slots of the S-CCPCH on each cell may contain different services, and each S-CCPCH is tracked in the simulation.  The system parameters are shown in the table below.  

	Parameter
	Explanation/assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites; wrap around
	19 sectors (2 rings)

	Site to Site Distance
	2.8km
	

	Simulation type
	Snapshot
	57,000 positions in the system; 10,000 time steps

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

Half-power-beamwidth=70( 

Vertical Gain Not Considered

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

	Lognormal std.
	8dB
	

	Sector-Sector Correlation
	1
	

	Site-to-site correlation
	0.5
	

	Carrier frequency
	2GHz
	

	Node B antenna gain
	14dB
	

	Thermal Noise Power
	None
	Assumed C/I Limited

	Service Model
	One service arrives & One departs each time step.
	

	Service Distribution 
	Services dropped uniformly in the system; Users interested in the service within a circle of specified radius
	

	Service Coverage Area
	Circular: radius 0.5 to 6 km
	6 km area covers most of the system

	Users Per Service Area
	100
	

	Services Per Physical Channel
	16 

(1 service per time slot)
	Reflective of 256kbps S-CCPCH with 16 kbps services


The simulation was conducted on a time stepped basis.  A new service is assumed to arrive at each time step, and the oldest one departs at each time step.  The number of services is varied by keeping each service active for a suitable length of time common to all services
.  When a new service arrives, a service area is randomly drawn.  The service area is a circular area with a fixed radius containing all users interested in the service.  It may be located anywhere within the 19-site coverage area.  Users are randomly drawn in this area, and the best serving cell for each user is added to the list of cells that this service will be provided upon
.  The service is then scheduled, and may be scheduled differently on each cell, such that a given time slot may contain different services on different cells. The service is scheduled such that the delay between cells carrying the service is minimized.  A variable number of active services is simulated, but the number of active services is constant for a given simulation run.

Performance is measured as the fraction of cells that can be soft combined for each service.  A service can be soft combined if 1) the cell has an empty slot; and 2) if the delay for the service is less than a threshold.  That is, if a service is on say, 5 cells, but only 3 are served on the cells and are close enough to combine, then the fraction of soft combinable cells is 3/5=0.6.  The delay for a service on a cell is calculated as the number of time slots delay between the time slot used on the cell and a “target” time slot that all cells compare to.  (Note that this means that delay is two sided, so a “1 slot delay” is  +/-1 slots).  We simulate delays that range from 0 (perfect alignment on all serving cells) to half the number of slots (which allows all services to be combined if the S-CCPCH has empty time slots, as delay is +/-8 slots).  

Note that the maximum delay case illustrates “blocking” behavior in the case of selection combining or single antenna transmission as well, since the only way the cell couldn’t be soft combined is if it has no empty slots.  This allows us to quantify the benefits of cell specific scheduling in general.  Note that this “blocking” metric is not as sensitive as for voice service, since a blocking ratio of, say, 10% does not mean the service is unavailable in the system 10% of the time, but means that the available number of cells for macro diversity is reduced by 10%.

Figures 1 through 3 plots the soft combining loss (the fraction of cells that may not be soft combined) when the service radius is 0.5, 3, and 6 km against the number of services provided in the entire service area.  Multiple curves are shown, corresponding to different amounts of delay between the radio links.  As one would expect, as the load increases, the number of services that can be soft combined decreases, since it becomes more difficult to schedule the services on multiple cells.  Also, we see that if the radio links must be scheduled with no delay between radio links, fewer links may be soft combined than when some delay is allowed, and that the number of services that can be supported at a given fraction of soft combinable cells increases with the delay.  

We can quantify the benefit for a given amount of delay by comparing the number of services that can be supported at a given amount of soft combining loss.  As discussed above, we expect the system will be tolerant of limited amounts of soft combining loss. Selecting a range of 10% to 30% soft blocking is probably reasonable for a first order approximation. Note that the exact range is not too critical, as the gains from increased delay do not vary too much. Examining the 0 delay and +/-8 slot delay curves in Figures 1 through 3 in the 10-30% ranges, we see that the +/-8 slot delay curve has about 1.5 to 2 times more services than the 0 delay case.  Furthermore, much of this gain is obtained even with +/-4 slots delay.

Figure 4 shows the gain from service specific scheduling relative to simulcast transmission for the +/-8 slot delay case.  It was calculated by examining the 20% delay point (the middle of the 10% to 30% range) and dividing the number of services offered by the number of time slots (since by definition simulcast must not reuse a time slot in the coverage area).  We find large gains (over 10 times more services than simulcast) when the service radius is small.  This is as one would expect: there are 57 cells (so at most we can have 57 times reuse of a time slot), and when only a few cells are active (since the users are close to each other), then the time slot should be easy to reuse on the other cells.  Also, as the number of cells increases, the amount of reuse (i.e., the gain over simulcast) drops, although it does not drop to one even at 6 km service radii, where each service covers most of the cells.  This behavior at large service radius is due to scheduling gain, which is especially significant for the service model used here where a fixed number of users is spread over an variable area.  Other models could have different amounts of cell specific scheduling gain, but the general behavior of large code resource gains when the service is geographically concentrated, decreasing with increasing service radius, is expected to be relatively independent of the service model.
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� This type of service arrival model is felt to be illustrative of cases where MBMS services are buffered in the network, but is clearly only one of many possible scenarios.  It does allow us to examine basic behaviors as a function of cell load, however.  Furthermore, this model is probably conservative, since more bursty services would increase the benefit of cell specific scheduling.


� This assumes that services will always be point to multipoint.  However, this provides a conservative estimate of the gains of cell specific scheduling, since adding point to point transmission would only reduce the number of services that would need to be scheduled per cell.





[�] Motorola, “Scheduling Based Soft Combining Framework”, TSGR1#38bis(04)1164, Seoul, South Korea, September 20-24, 2004 


[�] Qualcomm, Motorola, “Baseline for finalization of MBMS soft combining”, TSGR1#38(04)1030, Prague, Czech Republic, 16th – 20th August 2004 





