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PHYSICAL LAYER ASPECTS OF E-MBS in IEEE 802.16m
Kaushik Josiam, Zhouyue Pi, Baowei Ji, Farooq Khan and Sudhir Ramakrishna
Samsung Telecommunications America
Introduction
Enhanced multicast and broadcast services (E-MBS) are point-to-multipoint communication systems where data packets are transmitted simultaneously from a single source to multiple destinations.  The term broadcast refers to the ability to deliver contents to all users.  Radio and television contents are examples of broadcast transmissions.   Multicast, on the other hand, refers to contents that are directed to a specific group of users that have the associated subscription for receiving such services.  For example, a group of users interested in sports, news form a multicast group.  In the cellular context, Mobile TV is a prime example of broadcast multicast service.   The IEEE 802.16m standard supports enhancements to the broadcast multicast service that will enable operators to provide full triple-play service offerings – telephony, internet and TV – for mobile handheld devices.  This proposal proposes schemes to offer E-MBS in IEEE 802.16m in an efficient and cost-effective manner.
To improve user-experience, IEEE 802.16m System Requirement Document (SRD) [1] has targeted improvements in the content delivery and efficiency of MBS.  The first requirement on the maximum MBS channel change interruption times applied to broadcast streaming media is described in Table 1.   

Table 1: Targets for MBS channel reselection maximum interruption times

	MBS channel 
reselection mode 
	Max. interruption time (s) 

	Intra-frequency
	1.0

	Inter-frequency
	1.5


Note that the requirements of Table 1 apply to the interruption time between terminating delivery of MAC PDUs from a first MBS service to the MAC layer of the MS, and the time of commencement of delivery of MAC PDUs from a second MBS service to the MS MAC layer. 

The IEEE 802.16m System Requirement Document [1] targets significant improvements to the spectral efficiency of unicast and broadcast traffic.  In particular, the spectral efficiency target for unicast traffic in IEEE 802.16m for both average and cell edge user is 2 times the WirelessMAN-OFDMA reference system.    These targets are summarized in Table 2.

Table 2: Targets for minimum spectral efficiency of IEEE 802.16m MBS

	Inter-site distance 
(km) 
	Min. spectral efficiency 
(bps/Hz) 

	0.5
	4

	1.5
	2


As noted in [1], the performance requirements for E-MBS described in Table 2 apply to a wide-area multi-cell multicast broadcast single frequency network (MBSFN). A single-frequency network (SFN) operation can be realized for broadcast traffic transmitted using OFDMA from multiple cells with timing errors within the cyclic prefix length.  The multiple cells that collectively transmit MBS data to users in a time-frequency synchronized manner belong to an MBS zone.   An MBS zone with SFN is illustrated is illustrated in Figure 1.   In the presence of SFN operation, the broadcast SINR can be very high particularly for smaller cells deployments. 

To meet the set targets in the SRD for MBS, we envision a downlink only MBS scheme operating in a wide-area multi-cell SFN environment.  The proposed physical layer architecture leverages both the SFN nature and multiple antenna communications to exceed the current requirements in a simple and efficient manner.
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Figure 1: A single frequency network where multiple BSs transmit the same content. 
In this proposal, we outline the physical layer aspects of the E-MBS system in IEEE 802.16m.
Multiplexing E-MBS with unicast

MBS content is the same over the entire MBS zone and could change from zone to zone.  All BSs in the zone transmit the same content at the same time-frequency resource.  Additionally, the usage of  bandwidth and time resources for MBS has to have minimal impact on unicast throughputs for the users.   
Synchronized transmissions from multiple BSs results in a composite channel with large delay spreads and consequently require longer cyclic prefix to maintain the underlying OFDM architecture.  Therefore, it is efficient to include OFDM symbols carrying MBS content in one sub-frame.  In case of dedicated carriers carrying MBS, all sub frames are downlink MBS sub frames.  In case of conventional BSs where MBS and unicast data are time multiplexed on the same carrier, the MBS sub-frame is interspersed with other downlink sub frames.  Such time domain multiplexing of the MBS sub-frame fits naturally into the current frame structure for IEEE 802.16m DL. The frame structure for MBS is as described in [4].  There can be either one or more MBS sub-frames in a radio frame.  The parameters on how this MBS subframe is TDMed must be specified.  
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Figure 2: E-MBS/Unicast Superposition at BS


[image: image3.emf]57

1

6

4

3

2

57

1

6

4

3

2

-

=

57

1

6

4

3

2

57

1

6

4

3

2

Decode and Cancel

MBMS

Unicast Signal

MBMS/Unicast

Superimposed

Received Signal


Figure 3: E-MBS/Unicast Interference Cancellation at MS
While TDM is an option for multiplexing E-MBS with unicast, the MBS data can also be limited to a particular sub-band in the frequency and can be frequency division multiplexed with other data. Note that due to SFN nature of MBS; longer cyclic prefix may be required.  Using the same longer cyclic prefix for unicast data would be inefficient since the channel RMS delay spread for single BS transmission is much smaller than that for SFN.  Therefore unicast and MBS data are allocated to different sub-bands and are FDMed with guard intervals to prevent inter-symbol interference.  
However, when inter-site distances are less than 0.5Km, superposition of unicast and broadcast is the preferred mode of operation.  The proposed superposition approach superposes the unicast traffic over the broadcast signal and cancels the broadcast signal before unicast demodulation and decoding.  Using this technique, the broadcast interference to unicast traffic from own cell and neighboring cells can be eliminated, thus improving the overall system capacity and efficiency.  In a SFN based broadcast transmission, interference from all the cells in a broadcast zone is cancelled in a single step by cancellation of the composite received broadcast signal.  The composite received signal is reconstructed for cancellation purposes by using the composite channel estimates based on broadcast pilots.  The BS and MS operation for the scheme is shown in Figure 2 and Figure 3 respectively.  
We propose to transmit additional unicast traffic in parallel with broadcast on resources reserved for broadcast. A significant unicast capacity can be obtained with little or negligible loss in broadcast capacity.  Each good-coverage section independently superposes unicast traffic on broadcast traffic.  Each sector can steal variable amount of power from broadcast to serve unicast users which implies that the broadcast users see slightly higher interference due to super-posed unicast users as described in Figure 4.  
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Figure 4:  Additional unicast traffic transmitted in parallel with E-MBS providing significant unicast capacity advantage with little or negligible reduction in E-MBS capacity
Therefore, in contrast to traditional FDM/TDM approach to MBS transmission, the proposed superposition provides flexibility in system-up while improving spectral efficiency of both broadcast and unicast.  The detailed methodology for unicast/E-MBS superposition can be found in [3].
In summary, the multiplexing method used is strongly dependent on the inter-site distances between the BS in the MBS zone:

· If the intersite distances is 500m or less, superposition of Broadcast and Unicast is proposed.  In this case, MBS is always ON, and is transmitted in all sub-frames.  The unicast traffic is transmitted in parallel with MBS.  The MSs interested in MBS will treat unicast as noise and those MSs with scheduled unicast transmission will cancel MBS data first and then demodulate unicast data

· For ICD greater than 500m, unicast and MBS are transmitted on orthogonal resources using either FDM/TDM.  Users with good geometry can still be superposed on MBS resources.
E-MBS Physical Structure

Localized LRU allocation is the smallest resource unit for MBS. This makes the design transparent to whether MBS is TDMed/ FDMed or superimposed with unicast data.  When unicast and MBS are transmitted as FDM, different CP lengths for unicast and MBS can be supported with fewer guard intervals in LLRU compared to numerous in DLRU.  With superposition, localized resource allocation translates to smaller channel estimation and cancellation overhead; lesser power expended at the MS.  The LLRUs form the basic scheduling unit for MBS subframes.  
E-MBS Pilot Structure

The SFN nature of MBS transmission makes the composite channel very long and highly frequency selective.  This channel nature impacts the physical layer design by requiring the use of longer cyclic prefix and higher density of pilots per antenna.  The MBS data are transmitted primarily on the LLRU and the use of dedicated pilots is supported.  The dedicated pilots are especially important to provide transparent SFN transmission in mixed mode deployments where the BSs have different number of transmit antennas.  Thus by dedicating the pilots to data streams, we make the number of antennas at the BS irrelevant for efficient channel estimation.

The maximum number of data streams is limited to two for MBS.  Therefore, pilot pattern for a MBS PRU involves two distinct pilot sequences dedicated to each data streams.  The pilot pattern for a MBS PRU is FFS. The density of the pilots for MBS must be greater than the unicast dedicated 2-stream pilot pattern for a LRU based PRU is given in Figure 29 of SDD.  This pilot pattern when used for estimating MBS pilot channel results in poor channel estimation and consequently poor receiver performance.  The MSE performance of the unicast dedicated pilot pattern in Figure 29 of the SDD [2] is provided in Figure 5.  We tested the pilot pattern in a composite channel generated by combining 3 TU-6 channels and used a 2D MMSE channel estimator.  As can be seen, the unicast pilot pattern cannot be reused for MBS and therefore we require a new pilot pattern.  
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Figure 5: MSE performance of the unicast pilot pattern in composite SFN channels.  
MIMO for MBS

In the current SDD, spatial multiplexing is the preferred MIMO scheme for MBS.  All OL SU MIMO spatial multiplexing schemes defined for unicast can be re-used for MBS.  There is no compelling need to define new schemes specifically for broadcast. Multi-codeword MIMO transmission described in [5] shall be supported.  Transmit diversity is not necessary as the composite channel with SFN provides sufficient frequency diversity. 
Control Signaling for MBS

The MBS data location and other details essential for demodulation and decoding MBS data are conveyed to the users using an MBS MAP.  Therefore, only downlink control channel needs to be defined and is common to all users. The resource allocation, location and transmission format and pilot structure for MBS downlink control is FFS.  Since we envision MBS to be an open loop transmission, UL feedback from the MSs in not required.

A system design that minimizes the computation effort for the mobile stations requires that the control information for MBS and unicast is transmitted on orthogonal OFDM subcarriers. In general, the control and signaling channels do not use Hybrid ARQ and therefore needs to be transmitted with very high reliability on the first transmission attempt. Allocation of orthogonal resources to signaling and control assures high reliability for the critical system control information.  
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11 Physical Layer

11.8.4 Advanced Features

11.8.4.2 MIMO for E-MBS 

Open-loop spatial multiplexing schemes as described in Section 11.x.2.1.1.2 shall be supported for MBS. The MBS data shall contain at most two layers and shall contain up to two codewords. The transmission format for multi-codeword transmission shall include a primary codeword and a secondary codeword. The primary and secondary codewords may use different modulation and coding and/or power offsets in order to enable efficient interference cancellation at the mobile station. 

The pilots for each layer shall be transmitted using the same time-frequency positions and the same scrambling code from all the BSs in a MBS zone.   This provides for an overall composite channel estimate for the signal received from multiple base stations transmitting the same content in the broadcast zone. The pilots for different layers shall be located at different time-frequency positions.

11.x  Physical Layer Support for E-MBS

11.x.2 Downlink Physical Structure for E-MBS

<Editor’s Note: This Section could be merged with 11.5 DL Physical Structure>

11.x.2.1 Physical and Logical Resource Unit for E-MBS
11.x.2.2  Subchannelization and Resource Mapping for E-MBS
Localized PRU allocation is the smallest resource unit for MBS. This makes the design transparent to whether MBS is TDMed/ FDMed or superimposed with unicast data.  

11.x.2.3 Pilot Structure

The maximum number of data streams is limited to two for MBS.  Therefore, pilot pattern for a MBS PRU involves two distinct pilot sequences dedicated to the data stream.  The pilot pattern for the MBS PRU is FFS.  The pilot density per antenna port must be greater than the 2 stream pilot pattern  in Figure 9. 
11.x.3 Downlink Control Structure for E-MBS

<Editor’s Note: This section could be merged with 11.7 DL Control Structure >

11.x.3.1 Downlink MBS Control Information 

11.x.3.2 Transmission of DL MBS Control Information

11.x.3.3 Mapping information to DL MBS Control Information

15 Support for Enhanced Multicast Broadcast Services

Enhanced multicast and broadcast services (E-MBS) are point-to-multipoint communication systems where data packets are transmitted simultaneously from a single source to multiple destinations.  The term broadcast refers to the ability to deliver contents to all users.  Radio and television contents are examples of broadcast transmissions.   Multicast, on the other hand, refers to contents that are directed to a specific group of users that have the associated subscription for receiving such services.  For example, a group of users interested in sports, news form a multicast group.  In the cellular context, Mobile TV is a prime example of broadcast multicast service.   

15.1 General Concepts

15.1.1 E-MBS Zone

The E-MBS content is transmitted over an area identified as a zone.  An E-MBS zone is a collection of BSs transmitting the same content. The contents are identified by the same identifiers (IDs).   Each BS capable of E-MBS service can belong to one or more MBS zones.  Each MBS Zone is identified by a unique MBS_Zone ID.

15.1.2 E-MBS Operation Mode

The operating mode for E-MBS shall be as a wide-area multi-cell multicast broadcast single frequency network (MBSFN). A single-frequency network (SFN) operation can be realized for broadcast traffic transmitted using OFDMA from multiple cells with timing errors within the cyclic prefix length.  The multiple cells that collectively transmit MBS data to users in a time-frequency synchronized manner belong to an MBS zone.   An MBS zone with SFN is illustrated is illustrated in Figure x.
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Figure x: A single frequency network where multiple BSs transmit the same content.
15.1.2 Multiplexing E-MBS with Unicast

The E-MBS sub-frame shall be time multiplexed or frequency multiplexed with unicast sub-frames .  Downlink transmission to users with good geometry that are capable of interference cancellation is scheduled in the E-MBS frame.  When the unicast and E-MBS are scheduled in the same bandwidth, the base station shall use superposition as the multiplexing mode.  This superposition of the unicast data with E-MBS data shall involve splitting the BS transmit power between the unicast and MBS data, as illustrated in Figure y. The BS transmit power shall be split such that the E-MBS data gets a greater proportion of the transmit power than the unicast data. This ratio the power split between E-MBS and unicast is,
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 shall be semi-statically configured depending on the available power and the desired unicast rate. Once
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 is determined, the unicast symbols are linearly superimposed on the unicast symbols in the frequency-domain before IFFT at the BS. Once the power ratio is determined, the unicast symbols are linearly superimposed on the unicast symbols in the frequency-domain before IFFT at the BS. An example illustration is shown in Figure z. The power scaling factors 
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Figure y – Additional unicast traffic transmitted in parallel with E-MBS providing significant unicast capacity advantage with little or negligible reduction in E-MBS capacity
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Figure z – An example of E-MBS/Unicast superposition

At the MS, the broadcast data is first demodulated and decoded using channel estimates via E-MBS pilots. The successfully decoded MBS data is then reconstructed using the broadcast channel estimates. The reconstructed broadcast signal is cancelled from the overall received signal. The reconstruction of the broadcast signal using the overall composite channel estimate assures that all the broadcast interference including broadcast interference from neighboring cells to the unicast traffic is cancelled. The resulting clean unicast signal that is free from any broadcast interference is then further processed for unicast traffic demodulation and decoding. The MSs that subscribe to the MBS data alone will treat the underlying unicast data as noise to decode E-MBS data.
15.2 E-MBS Procedures
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