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1. Summary and recommendations

Soft combining of MBMS simulcast transmissions has been investigated and observed to provide significant performance gains [1,2,3].   In this contribution, we discuss transmission requirements to permit log likelihood ratio (LLR) based combining in the receiver as well as further verify the performance gains. Our main observations are:

· Soft combining can provide significant gain beyond that of selection combining alone.  For example, when the UE quickly switches between cells, the gain from LLR combining over point to multipoint transmission is about 5.8 dB, which is about 2 dB additional gain over selection combining alone.  This relative gain is quite close to that observed in [1].

· Transport channel multiplexing should be constrained to permit soft combining.
The information bits on two transport channels should be the same in order to allow the apriori LLRs to be combined.  This requirement can be met by mapping only one logical channel to a transport channel or by mapping the same logical channels to a transport channel common to multiple cells.  We prefer the first approach due to its lesser impact on UE capability, greater simplicity, and the better air interface efficiency that cell specific scheduling allows.

Overall, we find that LLR based soft combining is practical, and given its significant performance gains, recommend it be included in release 6.   In the event that soft combining support can’t be agreed for release 6, we further recommend that MBMS architecture does not preclude soft combining in future releases.

2. Introduction

In [1], it was proposed to employ maximum ratio combining (MRC) of simulcast point to multipoint (PTM) transmissions from multiple cells when possible, since MRC can provide significant gains over selection combining (about 2 dB better in the case 2 channels studied).  This gain could be significant when there are a large number of MBMS services offered. In [4] it was pointed out (in the context of TDD) that MRC combining can be done through log likelihood ratio (LLR) combining even if the simulcast transmissions are in different time slots.  Therefore, the performance of MRC can be obtained with minimum impact on network synchronization requirements, which recommends it for further study.  We examine some key requirements for the scheme including multiplexing, required signaling, and transport block identification.

3. Multiplexing Requirements

Logical channels can be multiplexed on the same transport channel for air efficiency. However, since a single turbo encoder is used for one transport channel, the encoded bits are combinations of all logical channels in the transport channel. When the encoded bits are different, they can’t be soft combined.  Therefore, in order to support soft combining in the receiver, the information bits encoded by the turbo encoder must be the same. This constraint is illustrated in Figure 1 below.

          Figure 1: Requirements to allow soft combining of two transport channels

There are several ways to meet this constraint: 

a) The simplest way is to permit only a one-to-one mapping of MTCH/MCCH to FACH. Here, each MBMS service is mapped to a separate FACH. In addition to the gains from soft combining, another advantage of such a restriction is that it allows a wider class of UE capabilities to receive a given service, since a lower capability UE may need only to decode only the data it has subscribed for. Although this method loses logical channel multiplexing flexibility, transport channel multiplexing can still be efficient.  

b) Design a common MAC function (scheduling/multiplexing) for MBMS that multiplexes the MTCHs intended for transmission on the same set of Node Bs onto a FACH. Hence, the transport blocks output by the MAC are the same to all Node Bs. The scheduling is therefore more complex. It may also reduce air interface efficiency, since now a common schedule is used for all affected node Bs, which prevents cell specific scheduling.   Furthermore, this approach may be impractical when there are many MTCHs and when they tend to be transmitted on different cells. Different MTCH combinations would be required for the FACHs on the various cells, which contradicts the requirement that the same information bits are used for FACHs to be soft combined.

We prefer approach a). The greater flexibility in UE capability, simpler implementation, and greater air interface efficiency would seem to outweigh the loss in logical channel multiplexing flexibility.

4. Signaling Issues

Due to the transmission delays from different Node Bs and multiplexing issues discussed above, it is best for the UEs to know whether LLR combining is possible for the neighboring cells. (This has already been proposed for MRC combining in [5].) That way, the UEs can allocate receiver resources based on an indication of the reliable availability of simulcast diversity branches.  For example, if the RNC determines that the transmission delay between the neighboring cells is low enough such that UEs’ LLR buffering capabilities support the traffic data rate, the RNC can assume that LLR combining is possible in the UEs.  It will then transmit on the simulcast branches with sufficiently low delay to permit soft combining and signal that LLR combining is possible. UEs can then soft combine based on their capabilities.  If the network does not indicate that soft combining is possible, then the UEs may not assume the simulcast branches delays’ are sufficiently well controlled to soft combine, but may still selection combine them.

Similar to [5], more information than just that combining is possible can be provided.  Instead of signaling the delays, an indication of the maximum number of bits could be signaled.  This would allow more scheduling flexibility than an indication of delay only, as well as permit the network to target different UE capabilities for different services. For example, this indication could reflect the maximum number of bits the network will transmit during some time period on, say, the 2 simulcast branches most delayed from the earliest branch.   

5. transport block identification 

Given the independent scheduling of the FACH on the different simulcast legs discussed above as well as other delays (see for example, [6] and the references listed therein), some care is needed to identify which transport blocks are being transmitted on the simulcast cells.

One method is to have the UE count received transport blocks on each transport channel that it wants to combine. Since the transport blocks on the transport channels are identical, soft combining can perform well as long as no transport blocks are missed. However, due to deep fades or other bad radio conditions, some transport blocks on either transport channel may be missed, causing the counters to go out of sync. This situation can be detected by various techniques, such as SINR detection (for example, if both transport blocks are received with high SINR, but soft combined blocks fail to decode, the out of sync condition can be detected). Whenever the out of sync condition is detected, the UE may correct it using RLC sequence numbers once the transport channel comes out of the fade.  Alternatively, the network can transmit TFCI with adequate power to ensure that sufficient synch performance is maintained.   Other techniques to detect and correct the out of sync condition are also possible.

A second method is to determine the transmission delay difference between transmissions from multiple cells, and signal it to the UE, through the MCCH. The RNC needs to fix this delay by disabling transport layer multiplexing (this is possible, considering an example where a service is the only data stream on SCCPCH1 on cell1 and SCCPCH2 on cell2). The disadvantage of this method is that it allows few multiplexing options on the network.

Either of these two methods appears feasible, although the second appears less flexible.

6. SIMULATION RESULTS

We performed system simulations of a 64 kbps service to compare the single cell PTM transmission, PTM with selection combining and PTM with LLR combining. Simulation assumptions are given in the appendix.  Figure 2 shows the performance comparison if we set the hard handover (HHO) hysteresis to -3 dB, and Figure 3 shows the performance comparison if we set the HHO hysteresis to 0 dB. 
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                     Figure 2    Performance comparisons for HHO hysteresis = -3dB
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                     Figure 3    Performance comparisons for HHO hysteresis = 0dB

For 90% coverage (at 1% BLER or better), if the HHO hysteresis is -3 dB, selection combining is about 4.5 dB better than single cell PTM transmission, while LLR combining gains are 6.4 dB, around 1.9 dB better than selection combining. If HHO hysteresis is 0 dB, selection combining is 3.8 dB better than the pure PTM scheme, while the LLR combining is still around 2 dB better than the selection combining. Therefore, we find the gain for LLR combining to be attractive, and relatively more so when the UE is able to switch more quickly between cells, since selection combining gains are more sensitive to the HHO hysteresis.

7. conclusion

LLR combining can provide significant gain beyond that of selection combining alone.  For example, when the UE quickly switches between cells, the gain from LLR combining over PTM is about 5.8 dB, which is 2 dB additional gain over selection combining alone. Due to its modest synchronization requirements and this potential for significant gain, we have examined implementation requirements for soft combining of MBMS simulcast transmissions.  We found that LLR based soft combining is practical given some simple modifications to existing multiplexing, signaling, and reception techniques.  We therefore recommend it be included in release 6.  In the event that soft combining support can’t be agreed for release 6, we further recommend that MBMS architecture does not preclude soft combining in future releases.
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SIMULATION PARAMETERS

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 degrees

	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
	32

	Mobile Speed
	3 km/h

	Channel Estimation
	Ideal

	Channel Coding
	Turbo, QPSK, 3GPP Rate matching

	Receiver
	Ideal Rake

	Interleaver Frame Size
	20ms

	Power Control
	None

	FER Requirement for Coverage
	1%
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Transport channels must be identical in order to soft combine (i.e., N=M, or multiplexing selects only stream 1)
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