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1 Executive Summary

Outage-constrained MBMS services can benefit from timeslot re-use through an improved distribution of SNIR across the cell.  Such timeslot re-use schemes enable the use of timeslot-segmented macro-diversity without significantly affecting TDD receiver complexity.  This provides two key benefits for MBMS services:

a. Link level gains are achieved in fading channels due to the exploitation of channel diversity

b. Downlink SNIR distribution is improved across the cell due to the ability in the UE to combine multiple radio links

Due to the time orthogonality of the signals a normal “single-radio-link” TDD receiver may be used.

A 3-timeslot re-use pattern in a tri-sectored TDD deployment has been simulated with and without macro-diversity combining in the UE.

Results indicate that if maximum ratio (Chase) combining of each of the 3 available MBMS “set” transmissions is performed in the UE each radio frame, MBMS throughput may be improved to between 270% and 650% of that achievable without macro-diversity, depending on channel type and interleaving period.

Using this technique, potential MBMS throughputs of up to 354 kbps in a pedestrian-B channel may be achieved using only 3 timeslots whilst maintaining 10% outage for a 3.84Mcps TDD system.

2 Timeslot re-use in MBMS
Previous contributions on MBMS for TDD [1],[2],[3] have analysed system performance for timeslot re-use schemes.  In such schemes, a cell is allocated a number of timeslots that are reserved for MBMS services yet these are only partially occupied with active transmission such that intercell interference at the edges of the cell is reduced.  The timeslots on which the cells actively transmit are dictated by a coordinated re-use pattern designed to minimise the number of users or locations experiencing poor SNIR and service outage.
It is relatively easy to show that the use of such timeslot re-use schemes can improve the available MBMS throughput at a given service outage when compared to the case in which no timeslot reuse is employed.  This can be seen by analysing the cumulative distribution functions (CDFs) of the SNIR experienced at locations through a cell in a typical deployment.  The parameters of the model considered are as follows:

	Parameter
	Value
	Comments

	Number of sites
	19
	Central site with two ring tiers

	Sectorisation
	Tri-sectored
	

	Carrier frequency
	2000 MHz
	

	Pathloss model
	From TS 25.942
	Macro-cellular pathloss model

	Intersite distance
	Small
	Interference-limited scenario

	Node-B Tx power
	Large
	Interference-limited scenario

	Shadow fading log-normal standard deviation
	10dB
	

	Antenna pattern
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	Pattern assumed by several current RAN1 TRs.
-180 < ( < 180, Am=20dB, (3dB=70 degrees


Table 1
Examples of such CDFs are shown below for no timeslot reuse (N=1) and a timeslot re-use of three (N=3).
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Figure 1
At a typical outage of (say) 10%, we can see that the difference in SNIR is approximately 8dB (10% corresponds to approximately -3dB for N=1 and +5dB for N=3).  Assuming the same FEC code-rate, an 8dB increase in SNIR would correspond to a 6.3 times increase in data rate for the same error rate.

On the other hand, the N=3 re-use consumes 3 times more physical resource (timeslots) than the equivalent N=1 and this reduces the mean throughput per timeslot by a factor of 3.  However, this effect is outweighed by the ~ 6.3 times increase in throughput resulting from the improvement in geographical distribution of SNIR afforded by the re-use scheme and the overall resulting gain becomes :
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 (or 110% capacity gain)
· where TN=3 and TN=1 represent the mean per-timeslot throughput for MBMS services at an outage of 10%.

3 Macro-Diversity
In order to further improve the efficiency of MBMS services we need to improve either the Eb/No operating point of the MBMS bearer (eg: via the use of time / space diversity techniques in fading channel types), or the distribution of SNIR across the cell.  The method of macro-diversity is capable of simultaneously achieving both of these and has been considered for FDD in [5],[6],[7].
In link level terms and in fading channels, the frequency selective fading is typically independent between each of the contributing radio links.  This provides a form of channel diversity which can be exploited to reduce the overall required Eb/No of the radio link combination.

In addition to this link-level benefit macro diversity is also capable of improving the distribution of the average downlink SNIR observed at locations across the cell.

This effect of macro diversity on the SNIR CDF can be seen in the figure below for the case of no timeslot reuse.  The CDF is generated by summing the individual SNIR’s of the three best servers (ie: the three best radio links undergo maximum ratio combining in the receiver).
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Figure 2
From the above plot it is apparent that the inclusion of macro-diversity would benefit the SNIR CDF by approximately 3dB at an outage of 10%.  This 3dB improvement in SNIR distribution at 10% outage would facilitate an approximate doubling of MBMS throughput.  This gain exists on top of and in addition to any link level gain achieved in fading channels through the exploitation of the additional channel diversity afforded by macro diversity.
However, in contrast to FDD, macro diversity is not currently supported for TDD.  As such TDD receivers are not typically designed to facilitate the simultaneous reception of multiple radio links and the incorporation of such a requirement for MBMS in TDD would have non-trivial impacts on the receiver design.
As such it has thus-far been assumed that the gains available for MBMS services through the use of macro-diversity come at too high a price in terms of UE receiver complexity.
4 Non-time-coincident macro-diversity with timeslot re-use

The UE receiver complexity impact associated with the inclusion of macro-diversity for TDD (as discussed in the previous section) can be avoided by combining macro-diversity with timeslot re-use.  In this way the benefits of both timeslot re-use and macro-diversity can be used without significant UE complexity increase.
By means of example, consider the case in which a timeslot re-use of N=3 is employed and 3 timeslots (t1, t2 and t3) are allocated to each sector for the purposes of MBMS transmission.  Each sector is assigned to a particular “MBMS transmission set”.
An MBMS data unit or transport block is assumed to be encoded over several radio frames (eg: 20ms or 80ms TTI).  The physical channels that result are effectively transmitted three times; once by MBMS set 1 in timeslot t1, once by MBMS set 2 in timeslot t2, and once by MBMS set 3 in timeslot t3.  A sector assigned to a particular MBMS set transmits only on the timeslot assigned to that set – the other two timeslots are not used for transmission.
The diagram below shows such a scheme applied to the tri-sectored deployment model used previously.
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Figure 3
A given UE may be configured to listen to the three separate transmissions of the MBMS physical channels (one from each set) which, over the course of the TTI, correspond to the MBMS transport block(s).  Due to the use of timeslot re-use, the receptions of the signals from each MBMS set are non-time-coincident and do not require the use of a modified receiver architecture – a normal “single-radio-link” TDD receiver may be used.  The received soft information may be buffered and combined across MBMS sets during the course of the TTI before transport channel processing and FEC decoding.  Figure 4 shows such an arrangement for the case of an 80ms TTI.  The only extra processing stage required over the non-macro-diversity case is the combining stage wherein the demodulated timeslot data (eg: LLR’s) from each of the three MBMS sets are summed together prior to normal transport channel processing.
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Figure 4
5 System Simulation
As mentioned previously, the inclusion of macro-diversity carries two benefits:
· Link level gain due to channel diversity

· System gain due to improved distribution of SNIR across the cell

The link-level gain is a function of both the channel type and the geometry of the UE location.  UE’s with low geometries gain more at the link level from macro diversity than those with high geometries.  This is due to the fact that the most channel diversity will be obtained when the arriving signals have similar SNIR.
Due to the presence of this effect it is necessary to perform dynamic system level simulations in order to ascertain the benefits of the scheme.  An analytical approach based upon CDF’s and a single link curve is not sufficient because the link curve is only applicable to a particular geometry.  The dynamic system level simulator is capable of accurately reflecting the variations in link-level performance as a function of geometry and channel type.  This enables the simulator to account for both the link and system gains afforded through the use of macro-diversity.
Such a dynamic system level simulation has been conducted for the tri-sectored MBMS deployment described in Table 1.  The N=3 timeslot re-use scheme in conjunction with the non-time-coincident macro-diversity scheme described previously in section 4 are assumed.
A nominal 64kbps bearer as described in [4] is assumed as the basis for the model.  This bearer uses 7 codes within a timeslot using burst type 2 for 3.84Mcps TDD.  The code rate is approximately 1/3 (little/no puncturing or repetition) and turbo coding is assumed.
For a particular MBMS set the 7 SF16 physical channels (conveying 640 information bits) are transmitted on a single timeslot (allocated to that MBMS set) using a common midamble.  The same 7 SF16 physical channels are also transmitted by other transmitters in other timeslots according to their MBMS sets.  The set of 7 physical channels is transmitted in a total of 3 timeslots across the network, but only once in any particular sector.  The transmission rate of any particular sector is 64kbps, but two timeslots are unused and so the mean transmission rate per timeslot is 64/3 = 21.333 kbps/TS.
The MBMS transmission is always assumed to be transmitted at full cell power (Pmax) from each sector.  It is assumed in the simulation that the number of active codes in a timeslot (KTS) contained within power Pmax is a variable and which may used to trade off data rate for coverage.  As such the per-SF16 code power of the MBMS transmission is variable with KTS and equal to Pmax/KTS.
Any improvements in link performance or SNIR distribution would therefore be observable as:

· increases in KTS for a given outage

· decrease in the outage for a given KTS
Simulations were run for various KTS and plots of KTS vs. outage were obtained under the following scenarios:
	Run ID
	Channel Type
	TTI

	1
	Case 1
	20ms

	2
	Case 1
	80ms

	3
	Ped-A
	20ms

	4
	Ped-A
	80ms

	5
	Ped-B
	20ms

	6
	Ped-B
	80ms


Table 2
In the simulations 4 different methods of combining were considered:

1. No combining.  Reception is from the best serving sector only.  This is equivalent to the timeslot-reuse case only in which macro-diversity is not exploited.
2. Maximum Ratio Combining (MRC).  Receptions from each of the 3 MBMS sets are combined according to their received SNIR each radio frame and the result is buffered.  The buffered frames across the length of the TTI are then used for decoding.

3. Selection combining method 1.  Only the reception with the maximum SNIR per frame is selected and stored in a buffer.  Decoding is then performed at the end of the TTI once the buffer is full.
4. Selection combining method 2.  All three receptions are stored for each frame of the TTI.  Sequential decoding of each set is performed until any of these pass CRC.

A joint detecting TDD receiver was assumed in the simulations, capable of cancelling intra-cell interference.

6 System Simulation Results

Plots of KTS vs. outage are provided in this section.
Clearly there are cases in which KTS > 16 and this exceeds the maximum number of available codes per timeslot (limited to 16 for TDD).  In such cases puncturing or even higher order modulation such as 16-QAM could be used to achieve the higher rates whilst not exceeding the limit of 16 codes at SF16.
a. Run ID 1: Case 1, 20ms TTI
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Figure 5
b. Run ID 2: Case 1, 80ms TTI
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Figure 6
c. Run ID 3: Ped-A, 20ms TTI
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Figure 7
d. Run ID 4: Ped-A, 80ms TTI
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Figure 8
e. Run ID 5: Ped-B, 20ms TTI
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Figure 9
f. Run ID 6: Ped-B, 80ms TTI
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Figure 10
7 Analysis of System Simulation Results

It’s clear that gains were experienced for all runs performed and for all target outages.
Table 3 summarises the results for an assumed target outage of 10%.  The best performing results are highlighted in yellow.
	
	
	
	KTS at 10% Outage

	Run ID
	Channel
	TTI
	No Combining
	MRC
	Selection Combining 1
	Selection Combining 2

	1
	Case 1
	20ms
	3.15
	20.4
	11.0
	10.2

	2
	Case 1
	80ms
	6.6
	30.0
	16.4
	13.1

	3
	Ped-A
	20ms
	2.9
	13.8
	6.9
	8.9

	4
	Ped-A
	80ms
	4.3
	15.9
	9.1
	10.8

	5
	Ped-B
	20ms
	10.4
	33.2
	16.2
	16.8

	6
	Ped-B
	80ms
	14.4
	38.8
	20.0
	19.6


Table 3
Converting these results for KTS at 10% outage into MBMS system throughputs (kbps) we obtain the following results (Table 4):
	
	
	
	MBMS throughput for a 3 Timeslot System at 10% Outage (kbps)

	Run ID
	Channel
	TTI
	No Combining
	MRC
	Selection Combining 1
	Selection Combining 2

	1
	Case 1
	20ms
	28.80
	186.51
	100.57
	93.26

	2
	Case 1
	80ms
	60.34
	274.29
	149.94
	119.77

	3
	Ped-A
	20ms
	26.51
	126.17
	63.09
	81.37

	4
	Ped-A
	80ms
	39.31
	145.37
	83.20
	98.74

	5
	Ped-B
	20ms
	95.09
	303.54
	148.11
	153.60

	6
	Ped-B
	80ms
	131.66
	354.74
	182.86
	179.20


Table 4
These results can also be expressed in terms of a gain over the case with timeslot re-use only and in which no macro diversity is used (Table 5):
	
	
	
	MBMS throughput multiplier over the case with no macro diversity

	Run ID
	Channel
	TTI
	No Combining
	MRC
	Selection Combining 1
	Selection Combining 2

	1
	Case 1
	20ms
	1.00
	6.48
	3.49
	3.24

	2
	Case 1
	80ms
	1.00
	4.55
	2.48
	1.98

	3
	Ped-A
	20ms
	1.00
	4.76
	2.38
	3.07

	4
	Ped-A
	80ms
	1.00
	3.70
	2.12
	2.51

	5
	Ped-B
	20ms
	1.00
	3.19
	1.56
	1.62

	6
	Ped-B
	80ms
	1.00
	2.69
	1.39
	1.36


Table 5
8 Conclusions

Outage-constrained MBMS services can benefit from timeslot re-use through an improved distribution of SNIR across the cell.  Such timeslot re-use schemes enable the use of timeslot-segmented macro-diversity without significantly affecting TDD receiver complexity.  This provides two key benefits for MBMS services:
a. Link level gains are achieved in fading channels due to the exploitation of channel diversity

b. Downlink SNIR distribution is improved across the cell due to the ability in the UE to combine multiple radio links

A 3-timeslot re-use pattern in a tri-sectored TDD deployment has been simulated with and without macro-diversity combining in the UE.

Results indicate that if maximum ratio (Chase) combining of each of the 3 available MBMS “set” transmissions is performed in the UE each radio frame, MBMS throughput may be improved to between 270% and 650% of that achievable without macro-diversity, depending on channel type and interleaving period.

Using this technique, potential MBMS throughputs of up to 354 kbps in a pedestrian-B channel may be achieved using only 3 timeslots whilst maintaining 10% outage for a 3.84Mcps TDD system.
It is recommended that this technique be further considered for MBMS services in TDD.
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