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1 Introduction
In RAN1#48 CRs were presented and agreed as the working baseline for the physical layer enhancements to TDD MBMS.  These included the use of burst type 4 for operation in a so called single-frequency network (SFN).  Burst type 4 was designed to cope with the expected delay spread of a SFN received signal (of the order of 33μs [1]) whilst incorporating some margin in the design to allow for larger cell / lower-capacity deployments.  As a consequence burst type 4 was specified to have a 192 chip (50μs) channel estimation window and guard period [2].

In RAN4#42 CRs were presented and approved for MCCH and MTCH performance requirements in an extended delay spread environment.  These tests incorporated a channel delay spread of 33μs in accordance with [1].

During RAN#35 the agreed CRs to RAN4 received objections due to a perceived non-alignment of the delay spread of the performance requirement tests (33μs) and the design of the burst type 4 in RAN1 (50μs).

The RAN1 CR to 25.221 specifying the design of burst type 4 [2] has received no objections and it is clear that with this design, the channel estimation window and guard period are sufficient to cope with the expected delay spread of the SFN environment.  Hence, there is no actual incompatibility between the physical layer design and the UE performance test in RAN4.

However, in this document we provide some further analysis on this subject which suggests that a channel estimation window and guard period of 128 chips (33μs) is adequate for typical cellular deployments and is in fact then in line with the physical layer delay spread capability for MBSFN in LTE [7].  Such a burst type design has the added benefit of an improved physical layer efficiency (increased capacity) over that proposed in [2].  Consequently, a revision to the CR of 25.221 has been created [3] which should address the concerns raised in RAN#35.

2 Delay spread requirement analysis

Using the system simulation parameters provided in [4] (which themselves are copied from [5] and [6], with the exception of a variable inter-site distance), we are able to generate CDFs of the delay spread and the C/I of a receiver in an SFN environment for each of the scenarios listed (I-IV).  In these simulations a channel estimation dynamic range of 25dB is assumed, i.e. any signal component received with an attenuation of more than 25dB with respect to the total signal power is assumed to be interference.  It is further assumed that any signal component received with an attenuation of more than 10dB with respect to the noise floor is also interference.
The 95th percentile of the delay spread CDF and the 5th percentile of the C/I CDF are then plotted against inter-site distance as shown in Figure 1 and Figure 2 respectively.  From the delay spread plot it is noted that in system simulation scenario I and III (case 1 LTE and case 3 LTE respectively [5]) the 95th percentile delay spread does not exceed 30μs due to the large penetration loss and the non-perfect nature of the assumed channel estimation functionality.  However, in the case of system simulation scenario II (case 2 LTE [5]) and scenario IV (TDD Release 6 MBMS [6]) the 95th percentile delay spread can exceed 30μs and in fact can approach the originally designed burst type 4 duration of 50μs [2] at an inter-site distance of 6km.

However, by looking at the 5th percentile of the C/I CDF it is noted that at an inter-site distance of greater than 4.85km the C/I is negative for all the system simulation scenarios investigated.  With enhanced TDD MBMS being expected to significantly outperform that of Release 6 MBMS and carry multiple high quality broadcast channels, a minimum timeslot throughput requirement of 256kbps is considered realistic.  By referencing the 256kbps link level performance results in a multipath fading environment presented to RAN4 [8] it is noted that for an MTCH BLER of between 1% to 5% a C/I of the order of 6dB to 7.5dB is required at the UE (note, very similar results are obtained for other multipath propagation channels including Ped-B 3kmph and Veh-A 30kmph).  Comparison with Figure 2 reveals that a maximum inter-site distance supportable with a 6dB C/I requirement is 1.8km, 3.3km, 1.8km and 2.0km for the system simulation scenarios I-IV respectively.  Finally, inserting these inter-site distances into the 95th percentile of the delay spread CDF, Figure 1, the resulting delay spread requirements are 15μs, 27μs, 15μs and 19μs respectively for scenarios I-IV.
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Figure 1.  Delay spread vs. inter-site distance for an SFN deployment.
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Figure 2.  SINR vs. inter-site distance for an SFN deployment.
3 Additional burst design considerations

The above section has presented analysis on the requirement to have a TDD MBSFN burst structure that can cope with a delay spread of approximately 27μs.  Thus, it is considered that a delay spread of 33μs will cover this with adequate margin and provide a significantly improved physical layer efficiency over the original proposal to cope with 50μs delay spread [2].  This delay spread requirement impacts the channel estimation window of the burst type design and the guard period duration.
The channel estimation window is the cyclic prefix appended to the start of the midamble base code in order to cope with the expected delay spread [9] and in accordance with the analysis is set to 128 chips [3].  The midamble base code itself is identical to the current TDD HCR burst type 2 design and thus has been extensively tested and verified since Release 99 in various propagation conditions and vehicular velocities in both simulation and commercial deployment.
The guard period of the burst is dual purpose in design for TDD in that it allows for switching between downlink and uplink transmissions at the UE and to ensure that each burst is a self-contained transmission.  However, in expected TDD MBSFN deployments the number of uplink transmissions are anticipated to be very small or non-existent for the case of a DL only carrier.  In the former case, the most efficient course of action is to follow the DL-UL switching point by the non-timing advanced uplink burst, i.e. the PRACH timeslot and thus only the expected delay spread has to be considered in the guard period.  In the latter scenario, i.e. the DL only carrier, the guard period requirement is determined according to the necessity for each downlink transmission to be self-contained, i.e. transmissions from consecutive bursts do no interfere.  Once again this requirement leads to the guard period being designed to cope with the maximum expected delay spread.  Thus according to the presented analysis the guard period is designed accordingly with a duration of 33μs [3].

4 Conclusions
This document has presented additional system simulation results for the physical layer enhancements to TDD MBMS.  These results demonstrate that for typical cellular deployment scenarios, as considered for LTE and Release 6 MBMS, the 95th percentile of the delay spread does not exceed 27μs.  With the additional analysis provided regarding the various aspects of the burst structure it is consequently considered that a channel estimation window and guard period size of 128 chips (33μs) will sufficiently cope with the expected delay spread in an SFN environment.  This has the added advantages of improved physical layer efficiency over the original proposal for the physical layer enhancements burst type and aligns SFN broadcast proposals between UTRA Rel-7 and LTE.
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