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1 Summary

It is demonstrated in [1] and [2] that significant throughput and coverage enhancement for MBMS services can be attained through the simultaneous use of timeslot reuse with macro-diversity for TDD.
This contribution suggests some text for TR 25.803 [3] to describe this scheme and to report on the simulated results of [2].
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5
S-CCPCH performance for 3.84 Mcps TDD

5.3
Performance using new functionality

5.3.2

The effect of macro diversity with timeslot re-use

Macro diversity (simulcast) transmission is capable of simultaneously improving both the geometry distribution and the link (Eb/No) performance.  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.

Fortunately, much of the receiver complexity increase associated with macro-diversity can be avoided in TDD by combining macro-diversity with timeslot re-use.  This also allows for the throughput gains from timeslot re-use to be combined with further gains from macro diversity.

In such a scheme, cells are partitioned into transmission “groups” or “sets”.  Each transmission set is allocated a timeslot (or set of timeslots) for MBMS transmission.  The assigned slots are typically exclusively used by that MBMS set; sets do not transmit when another set is active.  The UE is able to combine the transmissions from the multiple sets in order to enhance reception reliability.

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.
Figure 5.3.2.1 below shows such a scheme applied to a tri-sectored deployment model.
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Figure 5.3.2.1 – Example of non-time-coincident macro diversity transmission

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 largely non-time-coincident and do not require the use of an extensively modified receiver architecture –a receiver architecture resembling that of 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 5.3.2.2 shows such an arrangement for the case of an 80ms TTI.  The 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 5.3.2.2 – Maximum Ratio Combining of MBMS transmissions from 3 cells

Due to the fact that the link performance (Eb/No) gains of macro-diversity vary according to the geometry of the UE, there is no single set of link-level curves that apply.  Consequently a dynamic system level simulation incorporating simulation of the fading radio channel to each UE must be performed.

Results from such a system simulation are presented under section 5.5 “Coverage Estimates” (see section 5.5.1.3.2).

------------------ next changed section -----------------

5.5
Coverage Estimates

5.5.1

Urban Macrocell

5.5.1.3
Coverage Figures with New Functionality

5.5.1.3.2
Macro Diversity with 1-by-3 Timeslot Re-use

Due to the fact that the link performance (Eb/No) gains of macro-diversity vary according to the geometry of the UE, analytical methods used to determine coverage (geometry CDF and link level BLER curve) are not appropriate.  Consequently the results in this section have been derived from a dynamic system level simulation incorporating simulation of the fading radio channel to each UE.

Results are presented for Case 1, indoor-to-outdoor pedestrian-A and indoor-to-outdoor pedestrian-B channel models.

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 (as per Figure 5.3.2.2).

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.

Notice that as would be expected, the results for case 1, no combining, are similar to those presented in table 5.5.1.2.1.
	
	
	MBMS throughput for a 3 Timeslot Re-use System at 90% Coverage (kbps)

	Channel
	TTI
	No Combining
	MRC
	Selection Combining 1
	Selection Combining 2

	Case 1
	20ms
	28.80
	173.71
	100.57
	93.26

	Case 1
	80ms
	60.34
	228.57
	149.94
	119.77

	Ped-A
	20ms
	26.51
	126.17
	63.09
	81.37

	Ped-A
	80ms
	39.31
	145.37
	83.20
	98.74

	Ped-B
	20ms
	95.09
	248.57
	148.11
	153.60

	Ped-B
	80ms
	131.66
	281.71
	173.71
	172.80


Table 5.5.1.3.2.1 – System simulation results for MBMS with/without macro diversity, with timeslot re-use
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