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1 Introduction

During 3GPP RAN1 #48-bis, the use of burst type 4 [1] was concluded for MBSFN operation on a mixed unicast/MBSFN carrier.  BT4 is also applicable for use on dedicated carriers.  However, it was mentioned in [2] that it may be possible to omit the guard period at the end of the burst when the carrier is used in a dedicated downlink only TDD MBSFN deployment.  This technical memorandum investigates this possibility through the use of link and system level analysis.

2 Background

The guard period of the burst is dual purpose in design for TDD transmissions in that it allows for switching between downlink and uplink transmissions at the UE and also ensures that each burst is a self-contained transmission.  In the case of a downlink only carrier, for the burst to be self-contained the duration of the guard period should be equal to the maximum anticipated delay spread, i.e. 33μs.  This allows a conventional block equaliser to be operated on each burst without having to consider the impact of adjacent transmissions.

However, as suggested in [2], it is possible in the downlink only scenario to operate without a guard period at the end of a burst.  When this occurs adjacent timeslots will interfere with the transmissions in the timeslot of interest and hence the equaliser employed needs to be capable of coping with this scenario.  Even after equalisation there is likely to be some residual interference at the start and end of the burst, resulting from the presence of adjacent bursts, and this can lead to a degraded link level performance.  However, this performance degradation due to the lack of a guard period allows for the burst payloads to increase in length by 6% which can in turn be used to provide a higher level of coding protection or perhaps an increased data rate.  These influences are further investigated in the following section.

Burst type 4 for the TDD MBSFN mixed carrier deployment scenario (uplink and downlink) was agreed upon at RAN1 #48-bis and this is detailed in the top diagram of Figure 1.  The suggestion in [2] was to further improve the efficiency in the downlink only deployment scenario by removing the guard period as discussed above.  To investigate this potential efficiency improvement, we have simulated the performance of burst type 5 as also detailed in Figure 1.  Note that in this design once the guard has been removed the midamble is shifted from the case of burst type 4 to ensure that the payloads are still symmetrical allowing for efficient equaliser design and optimal frequency shift tolerance of the burst type.


[image: image1]
Figure 1.  Burst type 4 and burst type 5 for TDD MBSFN.
3 Simulation assumptions

This document provides both link and system level simulation results.  The link level simulation parameters are detailed in Table 1.  The propagation channel employed uses 2 independent ITU Vehicular A channels with a total delay spread of 30μs as detailed in Figure 2.

	Parameter
	Value

	Chip rate
	3.84Mcps

	User date rate, kbps / timeslot
	256 / 512

	Burst type
	4 / 5

	Physical codes / timeslot
	16 x SF16

	Transport block size
	2561

	# transport blocks
	8 / 16

	CRC length
	16

	TTI
	80ms

	Modulation
	QPSK / 16QAM

	Coding
	Turbo

	Midamble allocation
	Common

	Samples / chip
	4

	Detection
	SUD-MMSE

	Channel estimation
	Realistic (ZF)

	Carrier frequency
	2GHz

	Propagation channel
	2x Vehicular A (30μs), 3kmph

	Receiver diversity
	ON


Table 1.  Link level simulation parameters.
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Figure 2.  2x Vehicular propagation channel.

The system level simulations and methodology comprises 37 cell sites and covers both the LTE MBMS macro-cellular deployment scenarios and the 3GPP Release 6 TDD MBMS deployment scenario.  The methodology encompasses full link simulation of every propagation path to a UE in the deployment.  Further detail of the assumptions and methodology is provided in [3] with the exception of the change of burst types as described in the previous section.

4 Results

4.1 Link level

The link level simulation results using the assumptions described in the previous section are presented in Figure 3 and Figure 4.  From the first figure it is observed that the channel BER of the two burst types is identical when there is only a single timeslot, i.e. no adjacent timeslots to cause additional interference.  However, in the case of burst type 5 when consecutive timeslots are considered it is seen that for low BER levels there is a degradation due to inter-timeslot interference.
For this case two simulations have been performed, the first with a zero-overlap, i.e. the equaliser runs from the start of the burst to 128 chips past the end of the burst (to include the expected delay spread) and the second with a 128 chip overlap, i.e. the equaliser runs from 128 chips preceding the burst to 256 chips past the end of the burst (or 128 chips past the expected delay spread duration).  The simulations clearly demonstrate the necessity of the equaliser to extend past the normal boundaries of the burst when there is no guard period present, but it is found that negligible further benefit is obtained by extending this overlap beyond 128 chips.

The actual channel BER required depends upon the coding rate of the bearers employed.  For example, a 256kbps bearer (single timeslot) using burst type 4 can be operated with a QPSK code rate of approximately 0.6, which in turn approximates to a channel BER of approximately 6%.  From the channel BER simulations of Figure 3 it is observed that at this BER level there is practically no difference in performance between the various link simulations performed, i.e. the inter-timeslot interference is not a dominant factor.  Additionally, from 3GPP turbo code performance simulations (not presented) it is anticipated that the increase in payload size by 6% equates to an approximate link gain of 0.4dB.  Thus, for a 256kbps bearer, the introduction of burst type 5 is likely to realise nearly all of this gain as the effect of the inter-timeslot interference appears to be small.

As the bearer rate is increased, and consequently also the coding rate, the requirement on the channel BER is tightened and the inter-timeslot interference starts to have a more significant impact.  For instance, at a 1% BER with 16QAM it is observed that the use of burst type 5 (with the optimum equaliser overlap) results in approximately 0.5dB of link degradation.

Figure 4 presents the BLER performance of a 256kbps and 512kbps per timeslot bearer using both burst types.  In the 256kbps case it is seen that the impact of the inter-timeslot interference is indeed small as previously anticipated and the overall link gain between burst type 4 and burst type 5 is approximately 0.5dB at a requirement level of 1%.  At 512kbps per timeslot, the maximum proposed UE capability for a TDD MBSFN UE, the effect of the inter-timeslot interference is more noticeable, however with a correctly designed equaliser it is observed that a link gain between burst type 4 and burst type 5 of approximately 0.4dB can be achieved.

[image: image3.emf]2 4 6 8 10 12 14 16 18 20

10

-5

10

-4

10

-3

10

-2

10

-1

BER

C / I (dB)

Vehicular A (



2, 30



s delay spread), channel BER

QPSK 16QAM

burst type 4                       

burst type 5 (1 slot)              

burst type 5 (3 slots, overlap=0)  

burst type 5 (3 slots, overlap=128)


Figure 3.  Channel BER for burst types 4 and 5.
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Figure 4.  BLER performance for burst types 4 and 5.

4.2 System level

There are two aspects to the system simulations presented in this section.  The first is a simplified analysis based upon the link gains observed in the previous section whilst the second is the full system simulation of the various deployment scenarios considered.

In the first instance, the approximate 0.4dB gain observed in the link level simulations is mapped to the SINR vs inter-site distance graphs of figure 2 in [1].  This enables an approximate evaluation of cell area increase whilst maintaining a fixed bearer throughput rate in going from burst type 4 to burst type 5.  For example, considering a 256kbps bearer with a burst type 4 C/I requirement of approximately 5.5dB as simulated, we can evaluate from [1] that the cell area is increased by approximately 5.2%, 5.2%, 5.9% and 5.3% for the four deployment scenarios considered in [3].

The second system simulation approach is more detailed and encompasses a full link simulation of every UE placed within the network as outlined in [3].  These simulations have been performed with both burst type 4 and burst type 5 using QPSK and 16QAM as presented in Figure 5 and Figure 6.  In all cases an improvement in timeslot throughput rate for a fixed inter-site distance is observed when burst type 5 is introduced.  The throughput rates for both burst types are summarised in Table 2 for a cell coverage rate of 95%.  Here it is seen that the typical timeslot throughput gain upon using burst type 5 is of the order of 6%.  It is noted that the improvement is considerably less in scenario II when 16QAM is employed, however it is noted that in this scenario (inter-site distance of 2.5km) the gain over QPSK modulation is marginal and hence that the deployment scenario is at the limit of where 16QAM modulation would be typically employed.
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Figure 5.  TDD MBSFN throughput, QPSK.
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Figure 6.  TDD MBSFN throughput, 16QAM.

	
	Burst type 4
	Burst type 5
	Improvement

	Scenario I (QPSK)
	345 kbps
	365 kbps
	5.8%

	Scenario II (QPSK)
	345 kbps
	365 kbps
	5.8%

	Scenario III (QPSK)
	335 kbps
	353 kbps
	5.4%

	Scenario IV (QPSK)
	345 kbps
	365 kbps
	5.8%

	Scenario I (16QAM)
	695 kbps
	740 kbps
	6.5%

	Scenario II (16QAM)
	370 kbps
	371 kbps
	0.3%

	Scenario III (16QAM)
	295 kbps
	315 kbps
	6.8%

	Scenario IV (16QAM)
	531 kbps
	565 kbps
	6.4%


Table 2.  System simulation 5%-ile timeslot throughputs summary.

5 Conclusions

This document has investigated the possible use of burst type 5 (no guard period) in a downlink only TDD MBSFN deployment.  Results have been presented from extensive link and system level simulations and it is found that in all cases the extra processing gain available from burst type 5 is able to overcome the additional inter-timeslot interference that is generated when the guard period is removed.  However, it is further observed that in order to achieve these gains the TDD MBSFN equaliser has to be designed with an appropriate overlap into the adjacent timeslots and this carries some (small) impact on UE complexity.
Only 25.221 is substantively affected via the inclusion of BT5.  Changes to other specifications are editorial only (replacing “4” with “5” in the appropriate instances).

A full set of draft CRs with support for BT5 is provided in [4] should RAN1 decide that these gains are sufficient to warrant its inclusion.
6 References

[1]
R1-071733 “Burst format for TDD MBSFN”, IPWireless, RAN WG1 #48bis, St. Julian’s, Malta, 26th – 30th March 2007
[2]
R1-071627 “Review of physical layer details of MBSFN CRs (FDD&TDD)”, Nokia, Siemens Networks, IPWireless, RAN WG1 #48bis, St. Julian’s, Malta, 26th – 30th March 2007

[3]
R1-062379 “Physical layer improvements for TDD MBMS”, IPWireless, RAN WG1 #46, Tallinn, Estonia, 28th August – 1sr September 2006
[4]
R1-072524 “Draft CRs for TDD MBSFN including burst type 5”, IPWireless, RAN WG1 #49, Kobe, Japan, 7th – 11th May 2007
128





1120





1120





192





Burst type 5:  W = 128, Guard = 0, P = 192, +6% payload
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Burst type 4:  W = 128, Guard = 128, P = 192
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