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1 Introduction
A work item on physical layer improvements for 3.84Mcps and 7.68Mcps MBMS was approved in principle at RAN #34.  RAN working groups were requested to review the work item description sheet [1].
In this document, we provide an overview of the expected impact on the RAN1 WG1 specifications and make some estimates on completion timescales from a RAN1 perspective.
Draft CRs to the 25.22x series are provided in [2],[3],[4],[5] and are intended to provide further insight into the details of the required changes.
2 Scope of the Work Item

The general objective of the work item is to enable higher spectral efficiencies for MBMS through the use of so-called Single-Frequency-Network (SFN) transmission methods, wherein identical waveforms are transmitted from multiple cells at the same time.  A further objective is to introduce 16-QAM operation on S-CCPCH in order to avoid code-limitation on downlink for MBMS.
There are 3 primary aspects of SFN operation affecting the physical layer.  These are:

1. Common scrambling operation on all or a sub-set of timeslots

2. 16-QAM modulation

3. Support for longer delay spreads (of the order of 33μs)
The impacts of each of these on the RAN WG1 specifications are discussed in section 4.

3 Modes of Operation
Two modes of operation are envisaged for MBMS SFN reception:
1. “Partial Carrier SFN”: TDD UL/DL carrier with SFN on some DL timeslots

2. “Full Carrier SFN”: TDD DL-only carrier with SFN on all timeslots

For partial carrier SFN, it is important that beacon-function physical channels (e.g. P-CCPCH) are not transmitted in an SFN mode in order to avoid introducing problems for uplink open loop power control and associated functions.  In this scenario, only S-CCPCH and possibly MICH would typically use the SFN mode of transmission.
For full carrier SFN, all transmitted physical channels may use the SFN mode.  Due to the fact that in this scenario the carrier is dedicated to SFN MBMS, the DPCH, HS-PDSCH and PICH physical channel types are assumed not to be present and hence do not support SFN, whilst P-CCPCH, S-CCPCH and MICH do support SFN.

4 Overview of Changes to the Physical Layer

4.1 Common Scrambling Code

At the present time, there is a one-to-one linkage between the cell ID and the pair of numerically-adjacent cell-specific scrambling codes used (cycled between adjacent values on an odd/even frame basis in order to provide interference randomisation).

At its simplest level, a common scrambling code configuration is simply the possibility for RNC to configure a scrambling code pair on a per timeslot basis.  This would need to be indicated to both UE (e.g. via system information) and to Node-B (NBAP).  By configuring the same scrambling code pair on the same timeslot across multiple Node-Bs in a synchronized system, and by providing the same content to each Node-B, SFN transmission may be realised.

Higher layers may therefore configure timeslots to have a scrambling code pair different to the pair associated with the cell ID.  For other timeslots, the existing association between cell ID and scrambling code pair prevails.  Note that the timeslot used for P-CCPCH always uses the existing cell ID / scrambling code pair association.
The same scrambling code cycling on odd/even frames as used in current releases is assumed to also be applicable for timeslots configured by higher layers to have a non-cell-ID-associated scrambling code pair.
It is also assumed that the current set of 128 scrambling codes may be used for the non-cell-ID associated scrambling code timeslots (i.e. the SFN timeslots).

4.1.1 Specification Impact

The introduction of non-cell-ID associated scrambling codes is considered to be small, the changes being mainly editorial.
4.2 16-QAM Modulation

The introduction of 16-QAM modulation for S-CCPCH means that consideration needs to be given to the transport channel processing function for FACH.  The current processing chain (from 25.222) is shown in Figure 1 below.
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Figure 1: Transport channel multiplexing structure for uplink and downlink for 3.84Mcps and 7.68 Mcps TDD

It is assumed that for the case of turbo coding, specific mapping of systematic bits to high reliability modulation constellation points (so-called Symbol-Mapping-Priority – SMP) will not be implemented due to the negligible gains observed [6].  Furthermore, no form of constellation rearrangement is applicable due to the absence of HARQ retransmissions for MBMS.  Under these assumptions, the physical channel mapping function does not need to preserve the bit-to-symbol mapping.  As such, the R99-type of physical channel mapping function may be reused for 16-QAM on S-CCPCH.
Simplified UEs could be envisaged for the case of full-carrier SFN, in which the TDD component of the UE is used for MBMS SFN receive-only.  In this instance, it could be beneficial for all transport channels on the DL-only TDD carrier to use turbo coding, thereby removing the need for a convolutional decoder in the UE (it would be likely that the only transport channel using convolutional coding would be the BCH in such an instance).  It is therefore suggested that for the case of full-carrier SFN, BCH would use 1/3 rate turbo coding.
4.2.1 Specification Impact

The R99 physical channel mapping function can be reused for 16-QAM on S-CCPCH and as such no changes need to be specified for FACH TrCH processing.  Some editorial changes are required for 25.223 to clarify that 16-QAM is applicable to S-CCPCH.
To minimise UE complexity for the downlink-only MBMS carrier case, it would be beneficial to allow for turbo coding of BCH in 25.222, exclusively for that scenario (partial carrier SFN would continue to use convolutional coding as per current releases).

4.3 Support for Longer delay Spreads

4.3.1 Burst Types

Multipath delay spread causes overlap of the payload and midamble portions of the transmitted burst as observed at the receiver (see Figure 2).
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Figure 2 – Effect of Delay Spread on Burst Reception

It is advantageous if the duration Δm of the cyclic midamble prefix and the duration of the guard period ΔGP between bursts is at least as long as the significant multipath delay in the channel Δh.  Additionally, the guard period needs to accommodate timing advance of any uplink burst in the next timeslot.
Setting Δm >= Δh assists with channel estimation processing in that payload 1 is prevented from interfering with the useful part of the midamble.  Setting ΔGP >= Δh prevents payload 2 interfering with payload 1 in the next timeslot.

Symbol overlap within the payloads is compensated for in the usual manner via equalisation.

At the current time, burst types 1 and 2 are supported for downlink use.  An additional burst type 3 is supported for uplink (primarily for PRACH and during handover for other UL physical channels when there is timing uncertainty).

The parameters of burst types 1, 2 and 3 are shown for 3.84Mcps TDD in Table 1.  It is proposed to introduce a new burst type 4 with parameters for 3.84Mcps also shown in Table 1.  Note that 7.68Mcps is not explicitly treated here but would follow the same general principle.

	Burst Type
	Applicability
	Total Midamble Length (chips)
	Base Code Length (chips)
	Cyclic Prefix Length (chips)
	Payload 1 (chips)
	Payload 2 (chips)
	Guard Period (chips)

	1
	UL and DL
	512
	456
	56
	976
	976
	96

	2
	UL and DL
	256
	192
	64
	1104
	1104
	96

	3
	UL only
	512
	456
	56
	976
	880
	192

	4
	DL only
	384
	192
	192
	992
	992
	192


Table 1 – Burst Type Parameters (3.84Mcps)
The proposed burst type 4 would support a maximum delay spread of 50μs.  Thus, 33μs may be comfortably supported whilst allowing for some margin to accommodate synchronisation and timing loop error.
4.3.2 Midambles

For 3.84Mcps, BT4 can reuse the same midamble base codes as used for BT2 (length 192 chips).  For 7.68Mcps, base codes of length 384 chips are required (these are given in [2]).  For SFN operation, there is no requirement for more than one midamble in the same timeslot and so only Kcell = 1 is needed.  It is considered that there is no advantage in using the midamble to signal the number of active codes.  As such there is no need to support multiple shifts of the Kcell=1 midamble.
4.3.3 Burst Type Applicability
It is envisaged that physical channels used for unicast services and for unicast service support (such as HS-PDSCH, PICH, DPCH) would not use the new burst type 4.

Channels that could use burst type 4 include S-CCPCH, MICH and P-CCPCH.  Changes are required in the RAN1 specifications to define a MICH format compatible with burst type 4.
It is assumed that SCTD for beacon function physical channels is not appropriate for SFN transmission and as such SCTD would not apply when beacon is transmitted using burst type 4.
4.3.4 Specification Impact

TS 25.221 is impacted by support of extended delay-spread functionality due to:
· Introduction of a new burst type 4
· Modified midamble construction

· Changes to MICH structure
· Changes to transmit diversity for beacon function physical channels when BT4 is used

· Editorial aspects
5 UE Capabilities
Simulated MBMS throughputs of the order of 500kbps per used timeslot in a 3.84Mcps system and for realistic deployment conditions have been documented in [7].  UE battery life savings are possible if the MBMS (MTCH) information is received on a single timeslot due to the fact that the front end receiver circuitry is active with a low duty cycle.
It is envisaged therefore that suitable UE capabilities could be designed around the following basic parameters:

· Throughput of the order of 500kbps
· The number of physical channel bits per frame is dimensioned around 16 channelisation codes in one timeslot using 16-QAM

· Support for an 80ms TTI (as per Rel-6)

· Transport block set size of the order of 40,000 bits

· Use of burst type 4

An example draft CR to 25.306 is provided in [8].
6 Timescale Estimation

The impacts of introducing a common scrambling code and 16-QAM modulation have been discussed in sections 4.1.1 and 4.2.1 respectively and are considered to be minor.

The bulk of the technical work in RAN1 is therefore based around the support of extended delay spread (summarised in section 4.3.4).  However, no fundamental issues have been identified and there seems to be a clear path to introduction of this feature.
Draft CRs to 25.221, 25.222, 25.223, 25.224 are provided in [2],[3],[4],[5] respectively.  No changes have been identified for 25.225.  It is estimated that final CRs for the RAN1 part of the work item which have been agreed upon by interested parties could be made available in time for the February meeting in St. Louis.  Discussions via e-mail reflector and between interested parties would clearly help to ensure that this target could be met.  In the event of any remaining issues, it is anticipated that these could be concluded via email in time for RAN#35.
7 Conclusion

The impacts on the RAN1 specifications resulting from the introduction of SFN operation for TDD MBMS have been presented under the context of the TDD MBMS Physical Layer Enhancements work item.  It is concluded that it should be achievable to conclude on the RAN1 aspects in time for RAN#35.
We recommend the following changes to the WIDS of [1]:

	Spec No.
	CR
	Subject
	Approved at plenary#
	Comments

	25.221
	
	Physical channels and mapping of transport channels onto physical channels (TDD)
	[RAN#35]
	

	25.222
	
	Multiplexing and channel coding (TDD)
	[RAN#35]
	

	25.223
	
	Spreading and modulation (TDD)
	[RAN#35]
	

	25.224
	
	Physical layer procedures (TDD)
	[RAN#35]
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