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1. Introduction
The Node B transmit power consumption problem of MBMS channels and techniques to reduce this required power have been addressed in many of the past RAN WG1 meetings.

Assuming that the same MBMS contents will be provided in adjacent sectors/cells, performing Selective Combining (SC) or Maximal Ratio Combining (MRC) at the UE are efficient ways to relax the Node B transmit power requirement.  The network needs to synchronize the transmission between adjacent sectors/cells to allow SC or MRC, in which the synchronization requirement for SC is less strict than for MRC, but this is thought to be possible with current L2/3 specs.

A document presenting the gains of MRC (SHO) on MBMS channels was contributed in RAN1 #28 [1].  As for SC, an introductory paper was presented in RAN1 #33 [2].

We provide simulation results and discussions of applying SC on MBMS channels in this contribution.  With these results in mind, we suggest RAN WG1 to consider the impacts of SC implementation.  If RAN WG1 agrees that SC is feasible, descriptions on SC should be inserted in the MBMS TR [3].  Finally, we also suggest RAN WG1 to reconsider MRC.
2. Simulation

2.1. Set-up and simulated SC at the UE

Figure 1 depicts the simulation set-up.
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Figure 1 – Simulation set-up
As in Figure 1, the UE receives two RLs.  The Geometry calculated with respect to the access point providing the stronger primary RL (independent of the second access point) is denoted as G1.  Likewise, the Geometry calculated with respect to the access point providing the weaker (or equivalent) secondary RL is denoted as G2.  The difference in G1 and G2 is denoted as ΔG, where ΔG is a positive value.
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Figure 2 – Simulated Selective Combining at the UE

Figure 2 pictures the simulated SC structure at the UE.  The is a simple minded structure in which independent decoding chains up to CRC decoding are assigned for each RL, and selection between the RLs is conducted on a per TrBlk basis depending on the CRC results.  This structure requires two turbo decoders and double the memory compared to the case where the UE only receives 1 RL or performs MRC.

2.2. Link Assumptions

The link simulation assumptions are presented in Table 1.

Table 1 – Link simulation assumptions

	Path model
	Case 2 (3km/hr)

	STTD
	OFF

	CPICH power (of total Node B tx power)
	-10dB

	P-SCH power (of total Node B tx power)
	-15dB

	S-SCH power (of total Node B tx power)
	-15dB

	Channel estimation
	Practical

	Data rate
	64kps

	TTI
	20, 40, 80ms

	G1
	-3dB

	G2
	-3, -6dB

	ΔG
	0, 3 dB


Data rate was set at 64kbps.  Case 2 (3km/hr) was assumed and STTD was turned off to simulate worst conditions.  The SCHs were activated, and so was channel estimation.  G1 was set to –3dB, a common Geometry value used when evaluating MBMS channels [3].  G2 was set at –3dB (ΔG=0dB) and –6dB (ΔG=3dB).  The largest SC gain possible is be obtained when ΔG=0dB, and the gains degrade as ΔG increases.  However, there is no need to look at the case when ΔG > 3dB, and this is justified in Figure 3.
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Figure 3 – Distribution of ΔG

Figure 3 illustrates the G1 distribution of all UEs the cell, and the ΔG distribution of UEs with G1 ≦ -3dB in the cell.  As shown in the figure, 10% of UEs have G1 ≦ -3dB, and only 10% of these UEs have ΔG ≧ 3dB, and this is why ΔG > 3dB is not considered in the simulations.

2.3. Results

The simulation results and gains of SC are summarized in the following figures and table:

Figure 4. BLER curves for the 1 RL case (20, 40, and 80ms TTI; G1 = -3dB)

Figure 5. BLER curves for SC with 20ms TTI (G1 = -3dB, ΔG = 0 and 3dB)

Figure 6. BLER curves for SC with 40ms TTI (G1 = -3dB, ΔG = 0 and 3dB)

Table 2.  Summary of required Node B Tx Ec/Ior for BLER = 1 and 0.1%
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Figure 4. BLER curves for the 1 RL case (20, 40, and 80ms TTI; G1 = -3dB)
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Figure 5. BLER curves for SC with 20ms TTI (G1 = -3dB, ΔG = 0 and 3dB)
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Figure 6. BLER curves for SC with 40ms TTI (G1 = -3dB, ΔG = 0 and 3dB)

Table 2.  Summary of required Node B Tx Ec/Ior for BLER = 1 and 0.1%

	TTI [ms]
	BLER [%]
	Node B Tx Ec/Ior [dB]

(% total power)

	
	
	Only

RL1 (G1=-3dB)
	SC

RL1 (G1=-3dB)

+

RL2 (G2=-3dB)
	SC

RL1 (G1=-3dB)

+

RL2 (G2=-6dB)

	20
	1
	-5.7

(27)
	-9.5

(11)
	-8.1

(15)

	40
	
	-6.4

(23)
	-9.7

(11)
	-8.4

(14)

	80
	
	-7.7

(17)
	-
	-

	20
	0.1
	-2.2

(60)
	-7.6

(17)
	-6.1

(25)

	40
	
	-3.8

(42)
	-8.3

(15)
	-6.4

(23)

	80
	
	-5.2

(30)
	-
	-


Table 2 shows that when TTI length is 20ms, gains of 2.4~3.8dB at 1% BLER and 3.9~5.4dB at 0.1% BLER in Node B Tx Ec/Ior are obtained depending on the value of ΔG with SC over the 1 RL case.

However, 80ms TTI shall be considered for the 1 RL case as a reference to measure the gains of SC against, since it provides the best performance with currently allowed TTI lengths.  Then, to make a memory fair comparison, SC with 40ms TTI should be the match up, since the SC structure at the UE described in section 2.1 requires double memory (and 40ms TTI requires half the memory of 80ms TTI).  Comparing these two cases, the following is observed:

Gains of 0.7~2.0dB at 1% BLER and 1.2~3.1dB at 0.1% BLER are obtained depending on the value of ΔG by SC with 40m TTI, over the reference 1 RL case with 80ms TTI.  Further, notice that SC with 20ms TTI, requiring half the memory, offers comparable performance to SC with 40ms TTI.  This shows that SC is very effective in relaxing the Node B transmit power requirements for MBMS. 

3. Other Discussions

3.1. Outage Geometry

If SC is applied to MBMS, the outage Geometry will be improved.  This is also the case if MRC is applied.  In a system where UEs communicate with just 1 RL (1 sector) and HHO is employed, mobile UEs in HO area will not always select the primary RL.  The UEs will only switch to the primary RL when its received signal power exceeds that of the original RL by the amount of HO hysterisis the system is designed with.  However, in a system where SC or MRC is employed, UEs in HO area will always communicate with the primary RL.  Therefore, the outage Geometry of a system utilising SC or MRC is better off than that of a system employing HHO.

The 5% and 10% outage Geometry of a system employing SC is compared to that of a system employing HHO in Table 3.  The system assumptions are presented in Table 4.  As in Table 3, the worst case Geometry to consider for MBMS improves by 1.6 dB for 5% outage and 1.4dB for 10% outage.

Table3 – Worst case Geometry to consider

	Outage level
	System employing HHO
	System using SHO or SC

	5% outage
	-5.5dB
	-3.9dB

	10% outage
	-4.4dB
	-3.0dB


Table4 – System Simulation Assumptions

	Cellular Layout
	Hexagonal grid, 3-sector sites

	Site to site distance
	1732 m (1 km cell radius)

	Node B antenna gain + Cable loss
	14 dBi

	Antenna front-to-back ratio
	20 dB

	Horizontal antenna pattern
	90 degrees (-3dB) beamwidth

	Vertical antenna pattern loss
	Considered

	Propagation model
	PL = 128.1 + 37.6*log(R)

	Std. Deviation of slow fading
	8.0 dB

	Correlation b/w sites for slow fading
	0.5

	BS total Tx power
	43 dBm

	Thermal noise
	-174 dBm/Hz

	UE noise figure
	9 dB

	HO threshold (for HHO only)
	-3 dB


3.2. Further Gains Possible from SC

A point to note also, is that UEs with G1 < -3dB usually see a third RL comparable in strength to that of the secondary RL.  Obviously, further gains will be obtained if SC is performed over this third RL.

3.3. Impact of SC on L1 Specifications

There will be almost no impact to the L1 specifications due to SC.  From the L1 point of view, SC will just be a matter of UE implementation.  However, it will be necessary to address the UE capabilities for SC.

There will definitely be impacts on the higher layers (L2/L3) in terms of necessary signalling.  Therefore, LS should be sent to RAN WG2/3 if RAN WG1 agrees on the feasibility and necessity of SC.

3.4. SC Implementation at the UE

In section 2.1, a SC structure at the UE in which independent decoding chains up to CRC checking was illustrated.  It was also mentioned that this structure requires two turbo decoders and double the memory compared to the case where the UE only receives 1 RL or performs MRC.  However, note that the following is true for a 384kbps class UE if data rates are limited to 64 and 128kbps:

1. the single turbo decoder of the 384kbps class UE is capable (throughput wise) of processing data from both RLs

2. the 384kbps class UE will be memory capable to perform SC

4. Conclusion

The basic ideas of Selective Combining for MBMS and its simulation results have been presented.

We showed that SC offers the following gains:

1. When 20ms TTI is used for both the 1 RL case and with SC:

Gains of 2.4~3.8dB at 1% BLER and 3.9~5.4dB at 0.1% BLER in Node B Tx Ec/Ior are obtained depending on the value of ΔG with SC over the 1 RL case

2. When a memory fair comparison of the 1 RL case with 80ms TTI and SC with 40ms TTI is made:

Gains of 0.7~2.0dB at 1% BLER and 1.2~3.1dB at 0.1% BLER are obtained depending on the value of ΔG by SC with 40m TTI, over the reference 1 RL case with 80ms TTI.  Further, it was noted that SC with 20ms TTI, requiring half the memory, offers comparable performance to SC with 40ms TTI.

We conclude that SC provides the gains needed in order to make MBMS practical.

We suggest RAN WG1 to examine the impacts of implementing SC.  If RAN WG1 agrees that SC is feasible, its descriptions should be inserted in the MBMS TR [3].

Finally, we suggest RAN WG1 to also consider employing MRC at the UE for MBMS.
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