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1 Introduction
At RAN#35, the work item on physical layer improvements for 1.28Mcps TDD MBMS was approved. As an ensuing activity requested from that WID sheet[1], the performance gain by using SFN relative to R6 MBMS for 1.28Mcps TDD is justified at first in this document.
Secondly, an overview of the expected impact on the RAN1 specifications and some estimates on completion timescales from a RAN1 perspective is provided.
On top of these, alternative solutions aiming at promoting SFN performance in particular scenarios are elaborated.

2 SFN performance gain justification

By means of introducing SFN technique, in addition to no compromise on downlink macro diversity gain enlargement, it as well provides a technical realization on alleviating inter-cell interference for dedicated MBMS content relative to simulcast mechanism in R6 TDD MBMS architecture.
Instead of using link-level simulation, a systematic evaluation is telling the truth justifying SFN performance over R6 simulcast one.

2.1 In-slot inter-cell interference mitigation
2.1.1 Simulation results
The motivation of this section is to justify performance improvements brought by SFN relative to simulcast mechanism in TDD R6 MBMS. In addition to comparable downlink macro diversity gain between both schemes, the analysis is addressing on the gain upon in-slot inter-cell interference mitigation. Simulation assumptions and details pls refer [3] and [4]. In the end, timeslot throughput and spectral efficiency with SFN operation is shown.
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Figure 1. Simulcast geometry CDF without SFN(power control)[3]
    Figure 2. SFN geometry CDF(without power control)[3]
	
	Case 1
	Case 2
	Case 3
	R6 MBMS

	C/I (dB)
	Simulcast
	SFN
	Simulcast
	SFN
	Simulcast
	SFN
	Simulcast
	SFN

	
	-20
	25.5
	-8
	19.5
	-8.5
	12.5
	-9.8
	14.5


Table 1. Geometry values at 1% BLER[3]
Based on profiles respectively for case 1, 2, 3 and R6 MBMS given in above table, we tend to draw the following conclusion.
1) SFN mechanism effectively removes “floor effect” in decoding performance relative to simulcast transmission;
2) SFN improves working C/I regime for a MBMS receiver;
2.2 Timeslot throughput and spectral efficiency

	
	Scenario (LCR TDD R6 MBMS)

	Modulation
	QPSK
	16QAM

	UE receiver diversity
	None
	2 branches

	Timeslot throughput
	192 kbps
	384kbps

	Spectral efficiency(5/7 timeslots)
	0.6bps/Hz
	1.2 bps/Hz


Table 2  SFN S-CCPCH throughput at 95% coverage[4].
Figures in table 2 shows that 1.28Mcps TDD SFN operation achieves a comparable spectral efficiency as 3.84Mcps TDD.
2.3 UE complexity reduction

It is envisaged that by means of SFN transmission, UE is able to eliminate extraordinary requirement on memory size and power consumption on base band digital signal processing relative to simulcast mechanism in R6 for TDD. Essentially, SFN reception is fully transparent to UE in a serving cell reception hypothesis. On top of these, reduced number of channel estimation processing and match filtering is consumed in an SFN operation. 
3 Scope of the Work Item

The general objective of the work item is to enable higher spectral efficiency and coverage for MBMS. And the primary physical layer aspects of SFN operation are 4 fold.
1. Common scrambling operation on all or a sub-set of timeslots

2. 16-QAM modulation

3. Support for artificial approach enhancing SFN performance
4. Support for TDD SFN operation coexisting with R6 MBMS on a unicast carrier
The impacts of each of these on the RAN WG1 specifications are discussed in following sections.

4 Modes of Operation
For 1.28Mcps TDD, MBMS SFN reception is envisaged to operate on part or all DL time slots. Current specification does not preclude a DL TDD MBMS carrier scenario, in which a dual receiver structure may effectively work. And more specific, beacon-function physical channels are not transmitted in an SFN mode, e.g. P-CCPCH.
5 Overview of Changes to the Physical Layer

5.1 Common Scrambling Code

For the time being, cell characteristic sequences incl. scrambling codes are planned on a cell specific scale with one-to-one linkage to cell ID. 
Whereas, in order to implement SFN function, a common scrambling code configuration on a per time slot basis is a must within an SFN area.  And this SFN specific scrambling code needs to be indicated to both UE and Node B via interface-specific procedures. Moreover, for sake of minimizing cross-talk effect between SFN and non-SFN pilot based channel estimation, SFN and non-SFN MBMS is not allowed to take place on the same time slot.
With respect to this common scrambling code, there’s no strong restriction on regular association between scrambling code pair with cell ID. Whereas this rule still applies for those scrambling codes in non-SFN time slots, incl. TS0 for beacon channel.
5.1.1 Midambles

For SFN operation, there is a concrete requirement for having more than one midamble in the same timeslot and such that Kcell > 1.  The requirement may come from the actual need for different average power per active code belonging to multiple SFN SCCPCH type CCTrCHs. 
Therefore for SFN operation time slot, the following midamble allocation methods can be applied.

-
Default midamble allocation: The midamble for DL or UL is allocated by layer 1 depending on the associated channelisation code.
-
Common midamble allocation: The midamble for the DL is allocated by layer 1 depending on the number of channelisation codes currently being present in the DL time slot.
5.1.2 Specification Impact

The introduction of non-cell-ID associated scrambling codes is considered to be small, the changes being mainly editorial.
5.2 Multi-cell joint detection

Chip Combining, as a supplementary of SFN in some scenarios, is another form of combining method for p-t-m transmissions in 1.28Mcps TDD mode. All involved cells still keep their own configuration of scrambling code as the manner in non-SFN mode, which is the main difference from the Common ID Combine. In Chip Combining mode, All Node Bs involved are closely time synchronized, which is the inherent characteristic in TDD system. All involved cells still keep their own scrambling code in p-t-m transmission timeslot as the manner in existing UTRAN, which is the main difference from the Common Cell ID scheme.
The UE interested in one p-t-m MBMS service gets the active configuration, such as the midamble codes and the scrambling codes in current cell and in the involved neighbouring cells from BCCH and/or MCCH. In active p-t-m timeslot, the UE first gets the system matrixes of each involved cell respectively, and then, one compound system matrix can be got by combining the system matrix of these involved cells. After that, the UE uses joint detection algorithm to recover the MBMS data with the compound system matrix.
5.2.1 Specification Impact

No impact.

5.3 16-QAM Modulation
It was shown in table 2 that SFN spectral efficiency could be promoted given that 16QAM is used on a two-branch receiver diversity basis.
5.3.1 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.
6 Support of artificial component generation to achieve SFN gain

It was observed [5] that particularly in those micro urban cell deployments, e.g. hundreds of meters large, signals from synchronised neighbouring cells do not give a good separation between each spatial component due to very limited spatial separation(see figure 6.1). That means even SFN transmission is rolled out, received signals from strongest neighbouring cells may have a poor discrimination from each other in chip level. In that sense, frequently an SFN system obtains some gain from power enhancement from multiple signal replica overlapping rather than that in MRC fashion.
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Figure 6.1 Effect of synchronized SFN transmission in micro urban cell scenario

On top of this, [6] disclosed that SFN gain degradation due to multi-path component overlapping remarks particularly when fading phase from different neighbouring cell diverse from each other.

In order to achieve SFN gain as much as possible in those micro urban deployments, two different enhancements were proposed by [5] and [6]. And substantially the SFN gains were justified by respective simulation results.
Neither scheme brought up by [5] nor the one by [6] has impact on L1 and higher layer specifications.
7 UE Capabilities
It is envisaged that suitable UE capabilities could be designed around the following basic parameters:

· Support for reception diversity if to enable 16-QAM;
· Support for data rate in order of 200kbps;
· Support for  40, 80ms TTI (as per Rel-6)

8 Timescale Estimation

The impact of introducing a common scrambling code has been discussed in section 4.1.1 and is considered to be minor.

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 May meeting.  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#36.
9 Conclusion

The impacts on the RAN1 specifications resulting from the introduction of SFN operation for 1.28Mcps TDD MBMS have been presented under the context of the 1.28Mcps 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#36.
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#36]
	

	25.222
	
	Multiplexing and channel coding (TDD)
	[RAN#36]
	

	25.223
	
	Spreading and modulation (TDD)
	[RAN#36]
	

	25.224
	
	Physical layer procedures (TDD)
	[RAN#36]
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