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1. Summary and recommendations

We describe a scheduling scheme based on [
] to enable MBMS soft combining.  Its key characteristics are:

1. The radio frames of S-CCPCHs to be soft combined are signaled slowly to the UE.

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

3. Variable rate transmission per TTI (i.e., TFCI) may be used, although only one set of services should be present in any TTI on all radio links to be combined.

4. The UE need not soft combine TFCI bits.  

5. The UE may rely only on the signaled timing to determine which frames to combine (i.e., the UE need not use TFCI to decide what to combine).

6. The UE may obtain all the information it needs to soft combine all radio links from the serving cell.

7. Independent scheduling of services on cells is supported.

8. The delay between radio links may be adjusted per service to improve code resource efficiency when multiple services share a physical channel.

9. The delay for a service between any two radio links is constant per scheduling period, which allows simple combining.

10. The signaling overhead from the soft combining information is on the order of a few hundred bits per second or less.

11. The approach augments the existing MBMS scheduling concept, allowing a UE to combine multiple radio links, but still sleep between transmissions.  This is difficult at present when selection combining is used with MBMS scheduling, since independent scheduling on the radio links causes the UE to wake up more.

Given its low impact on UE and network complexity, compatibility with existing MBMS scheduling approaches, and the significant gains in both code [
] and power [
,
,
] resource efficiency possible with this soft combining method, we propose it be used as the basis for MBMS soft combining.

2. discussion

Soft combining of the same data stream from multiple cells can give MBMS significant system gain (as much as 3.5 dB over selection combining for 3 radio links). 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 slow scheduling based soft combining method for MBMS.

We consider time division multiplexed (“TDM”) slow scheduling of MBMS services where cells may have different services. The cells are loosely synchronized such that a given transport block must be transmitted on all radio links within some time period such that the UE soft buffer memory is sufficient to combine the links. The RNC controls the timing difference among different cells by scheduling the services in the appropriate TDM time slots. The scheduling is updated periodically, and the scheduling update period can be pre-defined (to say, a 5s period) or transmitted through e.g. the BCCH. There are two possible approaches to scheduling:

1) Fixed scheduling, where services have one delay to each neighbor cell.

2) Cell specific scheduling of services, where each service may have a different delay between cells.

1) For fixed scheduling, the transmission delay (or ‘offset’) between services on any two cells is constant.  The serving cell need not broadcast a service specific offset for neighboring cells. Instead, the serving cell needs to signal the start SFN for a service and the duration. Therefore, two types of information need to be signaled. A) Neighboring cell offset; B) service scheduling information.  The offset between cells is not changed during an MBMS modification period
 (since the serving cell should broadcast the offset information for all the neighboring cells per modification period).

2) For cell specific scheduling, the transmission delay between services on any two cells is not constant.  Different services can have different transmission offsets for any two cells (but the offset must be small enough to allow the UE to soft combine with a limited soft buffer size). The serving cell needs to broadcast the offset per neighboring cell per service per scheduling period. Since the UE only monitors the scheduling information on the serving cell, the signaling should include the neighboring cells’ scheduling information. Note that if we instead assumed that the UE can monitor the scheduling information on the neighboring cells, the signaling cost from the serving cell can be reduced (since the serving cell would only broadcast its own service scheduling information).  However, as discussed below, the overhead from signaling information needed for soft combining from neighbor cells is not large in absolute terms (maybe a few hundred bits per second), and signaling on the serving cell simplifies UE reception and increases reliability.

The advantages of this slow scheduling approach to soft combining are: 

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

2) The UE need not monitor the MCCH for scheduling information all the time; the services are TDM’d, which greatly reduces the signaling load (compared to fast scheduling) as well as the amount of time the UE might interrupt MBMS traffic reception in order to read the MBMS control channel.

3) Soft combining can be easily signaled and controlled via the knowledge of the timing differences among multiple related cells.

The advantages of the cell specific over the fixed scheduling approach is that the network can save code resource by allowing different cells to have different services in the same time slots (when the services are multiplexed on the same physical channel). Given this more efficient use of code resource, we propose that the cell specific signaling be used.

Slow scheduling is characterized by four parameters: (transmitted to the UEs via the MCCH or BCCH): start time, duration, scheduling gap length, 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 start time is constrained to be at integer multiples of TTIs, for reasons discussed in section 4. The duration is the number of TTIs that will be transmitted consecutively.  The scheduling gap length is the number of TTIs between the transmissions of each transport block (that is, one transport block is transmitted every Lg TTIs, where Lg is the scheduling gap length).  The scheduling period length is the duration of the scheduling period, which should be fixed and identical for all cells (transmitted via e.g. BCCH).

Using this approach, different cells can arrange their different services on the same S-CCPCH with different parameters, including different relative delays. For services that are to be soft combined to share the same physical channel, then the duration and scheduling gap length should be the same (otherwise the relative delay between cells cannot be easily controlled). While the delay between services on any two physical channels to be combined can vary between the services, the difference between the start SFNs of those services should be constrained based on the UE’s soft buffer size. For different services, the duration and the scheduling gap length can be different, although they will tend to be the same for the same data rates. 

The approach uses both a scheduling duration and gap length in order to support both UE DRX and to improve scheduling efficiency when services are to be soft combined.   As with the scheduling approach of [
], the UE need only stay awake during the scheduled TTIs, saving its battery life.  Allowing the services to be in different order on the radio links allows more scheduler flexibility, and increases the number of radio links that can be soft combined [2].  However, if services are consecutively transmitted for many TTIs, then they can’t be in different order on the radio links and still be able to be soft combined (or perhaps even selection combined if the minimum duration is large enough) given UE soft buffer constraints.

Here is an example of cell specific scheduling where services 1, 3, and 5 are soft combined, but services 2 and 4 are not.  Note that service 1 on cell 1 is earlier than service 1 on cell 2, but service 5 is later on cell 1 than on cell 2.  For illustration, we selected the TTI size to be 20ms and use a scheduling gap length of 5, so new transport blocks arrive every 10 radio frames for each service.  

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; 2) The scheduling parameters are valid all the time unless the network explicitly changes it; therefore parameters are valid until the network updates the scheduling or releases the time slots.  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 higher amounts of signaling.  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.

On the UE side, the UE can identify the different services based on scheduling information and therefore need not read the TFCI in order to decide what to soft combine. TFCI may still be used, but the transport format used for the MBMS traffic must be the same for all radio links to be soft combined.  The use of one transport format on all radio links provides additional robustness for TFCI detection, essentially providing selection combining gain for the TFCI bits.  If the TFCI bits could be guaranteed to be identical, they could be soft combined for further gains.  However, different radio links may have different transport format combination sets (TFCS), and so it may be difficult to select identical TFCI for the same transport format combination on all radio links.  Therefore, we propose that the UE not assume that all radio links have identical TFCI.  This also means that TFCI may not be soft combined.

3. Signaling Overhead

We consider the overhead required for cell specific scheduling, since it is the most demanding case.  The number of bits required can be expressed in the equation below.
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M
Average number of services to be scheduled per scheduling update.      

α
Number of bits for start SFN representation, SFN from 0 to 4095, 12 bits.  

β
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. 


Number of bits for gap length (in TTI). Depends on the minimum data rates: lower data rates can allow larger delays with soft combining.  Assuming no more than 1.28 second delay, 7 bits would be enough for a 20ms TTI.

N
Number of related cells (20 is a conservative value).
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Number of bits needed to signal time difference (in TTIs) between serving cell and a neighbor cell.  Assuming no more than 1.28 second delay, 6 bits would be enough (assuming a 20ms TTI).

f
The scheduling update rate. One reasonable assumption is that the scheduling will be updated once per modification period (around 5s), so nominal f=0.2

As an example, assume N=20, M=10, f=0.2, 
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=6, then the overhead is 10*(12+8+7+20*6)*0.2 = 294 bits/s per cell for all services.

4. Synchronization Considerations

In order to control the timing between cells, the RNC must determine the SFN difference between two cells that may be soft combined.   The SFN difference between adjacent cells can be measured with the node B synchronization procedure of [
].   
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 TTIs of transport channels start at radio frames that are integer multiples of TTIs (i.e., “CFN mod Fi ” in [
]).
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� The modification period is the period during which MBMS critical information is held fixed.


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