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Introduction

The signalling of the MBMS S-CCPCH power offset of neighbouring cells was introduced in June 2005 [1].  The offset values that can now be signalled have a granularity of 3dB and are used to rank the S-CCPCH of neighbour cells so that the UE can chose the best ones for soft combining or selection combining.  At the same RAN2 meeting where these offsets were introduced the need to signal the MBMS S-CCPCH power offset of the serving cell was discussed but it was not agreed.  In this document we propose to reconsider that decision due to the poor performance that would result from the lack of the MBMS S-CCPCH power offset of the serving cell with respect to the S-CCPCH of the neighbour cell that has to be combined with it.
Discussion

The RAN WGs have so far assumed [2] for the evaluation of MBMS capacity that the soft combined S-CCPCHs would be transmitted at the same power level (with respect to the P-CPICH) by each Node B.  The introduction of the signalling of relative offset [1] has triggered some additional analysis of the performance of MBMS in case of soft combining of an "unbalanced" transmission from two different cells.  With "unbalanced" we identify the case in which (Ps-ccpch – Pp-cpich) of cell 1 is different from (Ps-ccpch – Pp-cpich) of cell 2.  Cell 1 could be the serving cell.
Our analysis shows (see Appendix of this document) that the loss in SNR in case of soft combining of "unbalanced" S-CCPCHs can be significant.  The analysis in the Appendix does not assume any implementation margins or realistic conditions.  Once these factors are taken into account the decoding loss can be of about 2 dB for a 3 dB unbalance between the S-CCPCH offsets.

The current signalling only allows comparing the relative strength of neighbour cells S-CCPCH transmissions and in no way it is possible to derive from this information the relative offset between serving cell and neighbour cell.  This makes sense if the offsets are only used to rank the neighbour cells under the assumption that the serving cell will always be part of the soft combining set (a reasonable assumption agreed in RAN2).  The knowledge of the relative offset between serving cell and neighbour cell is needed in the UE receiver for soft combining, but, since it is not signalled and since it cannot be estimated (no dedicated pilots on the S-CCPCH) the UE has to assume that the offset is always 0.
When DPCH soft combining was introduced in R'99 the same problem had to be solved and for this reason it was decided to signal to the UE the value of the IE "Power offset P Pilot-DPDCH" (TS 25.331, section 10.3.6.18).  In case of the DPCH the offset is with respect to the dedicated pilot bits, always present in the DPCH slot formats.
Due to the lack of the dedicated pilot bits for the S-CCPCH slot formats we propose to use the power offset with respect to the C-PICH.  In order to minimize the amount of signalling we propose to signal the S-CCPCH power offsets with a granularity of 0.6 dB instead of 0.25 dB, which is used for the DPCH power offset.
We propose to use a range for (Ps-ccpch – Pp-cpich) of [-10, +8.6] dB, which should cover all the cases from 1% of Node B Tx power to 90% of Node B Tx power dedicated to the S-CCPCH (having assumed that 10% of the Node B Tx power is used by the P-CPICH).  The full range needs to be signalled only for the serving cell S-CCPCHs.  For the neighbour cells S-CCPCH the signalling load is reduced thanks to the signalling of the delta of the offsets, similarly to what is already done in the existing S-CCPCH power offset signalling.
In the attached CR we make sure that the new IEs are sent only if the soft combining assistance information is signalled (FDD only).

Cost of the proposed addition

The signalling of the IE "MBMS Soft Combining Power Offset" for the S-CCPCHs of the serving cell adds 6 bits to the MBMS CURRENT CELL P-T-M RB INFORMATION per each S-CCPCH with MTCH channels in the serving cell.  If this parameter is not signalled, the message is increased by 1 bit per each S-CCPCH with MTCH channels in the serving cell.
The signalling of the IE "Secondary CCPCH Power Offset Fine Correction Difference" adds 3 bits to the MBMS NEIGHBOURING CELL P-T-M RB INFORMATION message per each S-CCPCH included in the message.  Note that this cost has to be multiplied by the number of neighbour cells.
Conclusion

The attached CR proposes the detailed changes required to introduce the signalling of (Ps-ccpch – Pp-cpich) for serving cell and neighbour cells with a granularity of 0.6 dB.
Appendix - Analytical Derivation
Following are the assumptions made to simplify the analysis of the SNR degradation encountered by the mobile when there is an offset between the soft combined SCCPCH.

· 2 cell soft combining

· Mobile is equidistant from the 2 cells

· AWGN Single Path scenario is considered to simplify the derivation

· Maximal ratio combining is used
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· We assume Estimation noise to be negligible compared to interference and thermal noise
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Using a generic framework for the combined signal, it can be then represented as
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Assuming each cell's power is same i.e.
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 is the offset b/w Traffic to Pilot ratio in Cell 1 and 2.
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Lets assume the equal strength pilot for both cells. i.e. 
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SNR Degradation will happen if the offset 
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 is not taken into account  when weights are chosen. 

In case the offset is not known the mobile will apply equal weights 
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The Maximum loss is thus bounded to 3 dB.

For Pilot Weighted Combining based on the above derivation we can plot the SNR loss under the following assumptions

· 
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 varies from 0 to 10 dB

We also want to show the degradation in SNR when the geometry of the 2 cells are different.
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· The above plot shows that when 2 cells have different geometries the decoding loss is more pronounced. 
· The above plot was derived based on the several assumptions which may not hold true in real conditions and we would possibly encounter further decoding losses.
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10.2.16g
MBMS Current Cell p-t-m rb Information
This message is transmitted periodically by UTRAN to inform UEs about the PTM RB configuration used to in a cell, in case one or more MBMS service is provided using p-t-m radio bearers. The message contents does not change within a modification period.

Logical channel: MCCH


Direction: UTRAN ( UE
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Message type
	MP
	
	Message Type
	Current cell PTM RB info
	REL-6

	S-CCPCH list
	OP
	1 to <maxSCCPCH>
	
	Absent in case MTCH are only mapped to the S-CCPCH(s) included in SIB type 5
	REL-6

	>S-CCPCH identity
	OP
	
	MBMS Current cell S-CCPCH identity 10.3.9a.5
	When L1- combining applies, this identity is used to refer to this S-CCPCH within the NEIGHBOURING CELL P-T-M RB INFORMATION message
	REL-6

	>Secondary CCPCH info
	MP
	
	MBMS Common PhyCh identity 10.3.9a.2
	Refers to a configuration in the common RB info
	REL-6

	>MBMS Soft Combining Timing Offset
	CV-Soft-FDD
	
	MBMS Soft Combining Timing Offset 10.3.9a.10a
	Timing offset applied in the CFN calculation in sub-clause 8.5.15.5. The default value is 0 ms.
	REL-6

	>MBMS Soft Combining Power Offset
	CV-Soft-FDD
	
	MBMS Soft Combining Power Offset 10.3.9a.10b
	Power offset between S-CCPCH and P-CPICH. The default value is 0 dB.
	REL-6

	>TrCh information common for all TrCh
	MP
	
	MBMS Common CCTrCh identity 10.3.9a.1
	Refers to a (TFCS) configuration in the common RB info
	REL-6

	>TrCH information list
	MP
	1 to <maxTrChperSCCPCH>
	
	List of FACH transport channels carrying one or more MTCH
	REL-6

	>>TrCh information
	MP
	
	MBMS Common TrCh identity 10.3.9a.4
	Refers to a (TFS) configuration in the common RB info
	REL-6

	>>RB information list
	OP
	1 to <maxRBperTrCh>
	
	The IE is absent if temporarily no RBs are mapped to this TrCh or if the TrCH only carries MSCH
	REL-6

	>>>RB information
	MP
	
	MBMS p-t-m RB information 10.3.9a.7a
	
	REL-6

	>>MSCH configuration information
	OP
	
	MSCH configuration information 10.3.9a.16
	
	REL-6

	S-CCPCH in SIB type 5
	OP
	1 to <maxSCCPCH>
	
	Every S-CCPCH’s included in SIB type 5 may carry MTCH
	REL-6

	>S-CCPCH identity
	
	
	Integer (1..maxSCCPCH)
	Index of the S-CCPCH within the list included in SIB type 5
	REL-6

	>TrCH information list
	MP
	1 to <maxFACHPCH>
	
	List of FACH transport channels carrying one or more MTCH
	REL-6

	>>TrCh identity
	MP
	
	Integer (1..maxFACHPCH)
	Index of the FACH within the list of TrChs defined for that S-CCPCH as included in SIB type 5
	REL-6

	>>RB information list
	OP
	1 to <maxRBperTrCh>
	
	The IE is absent if this TrCh only carries MSCH
	REL-6

	>>>RB information
	MP
	
	MBMS p-t-m RB information 10.3.9a.7a
	
	REL-6

	>>MSCH configuration information
	OP
	
	MSCH configuration information 10.3.9a.16
	Included if the TrCH carries MSCH
	REL-6


	Condition
	Explanation

	Soft-FDD
	This IE is used only for FDD. It is mandatory default for FDD if the IE "L1 combining" is included in MBMS NEIGHBOURING CELL P-T-M RB INFORMATION. Otherwise it is not needed.


[…]

10.2.16k
MBMS Neighbouring Cell p-t-m rb Information
This message is transmitted periodically by UTRAN to inform UEs about the p-t-m RB configuration used to in neighbouring cells, indicating the UE may perform selection and/ or soft combining. The message content does not change within a modification period.

Logical channel: MCCH


Direction: UTRAN ( UE
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Message type
	MP
	
	Message Type
	
	REL-6

	Neighbouring cell identity
	MP
	
	Integer (0..<maxCellMeas(1>)
	Points to IE 'Cell Info' obtained from IE 'Intra-frequency Cell Info list' in SIB 11.
	REL-6

	Neighbouring cell’s S-CCPCH list
	MP
	1 to <maxSCCPCH>
	
	
	REL-6

	>Secondary CCPCH info
	MP
	
	MBMS Common PhyCh identity 10.3.9a.2
	S-CCPCH configuration used in neighbouring cell. Refers to a configuration in the common RB info
	REL-6

	>Secondary CCPCH Power Offset Difference 
	MD
	
	Integer 

(-6, -3, 3, 6)
	Difference (Pn ( Of) between the S-CCPCH power offset (Pn) of the neighboring cell S-CCPCH and an arbitrary offset (Of). An arbitary offset(Of) is specific to the current cell and the same for all its neighbouring cells, in dB.

Default value is 0.

Note 3, 4 and 5.
	REL-6

	>Secondary CCPCH Power Offset Fine Correction Difference 
	CV-Soft-FDD
	
	Enumerated (-1.2, -0.6, 0.6, 1.2)
	Correction value that is added to the Secondary CCPCH Power Offset Difference, in dB. 
Default value is 0.
	REL-6

	>>L1 combining
	OP
	
	
	L2- combining applies if the IE is absent
	REL-6

	>>CHOICE mode
	MP
	
	
	
	REL-6

	>>>FDD
	
	
	
	
	REL-6

	>>>>MBMS Soft Combining Timing Offset
	MP
	
	MBMS Soft Combining Timing Offset 10.3.9a.10a
	Timing offset applied in the CFN calculation in subclause 8.5.15.5
	REL-6

	>>>>MBMS transmission time difference
	MP
	
	Integer (0..3)
	Indicates the time difference between the TTIs on the current and the neighbouring cell’s SCCPCH that can be L1- combined
	REL-6

	>>>>MBMS L1 combining schedule
	OP
	
	MBMS L1 combining schedule 10.3.9a.7
	If included partial layer 1 combining applies, in which case this IE indicates when L1- combining applies. If the IE is absent, L1 combining applies continuously
	REL-6

	>>>TDD
	
	
	
	(no data)
	REL-6

	>CHOICE L23 configuration
	MP
	
	
	
	REL-6

	>>SameAs Current cell
	
	
	
	Apart from the physical channel configuration and the MSCH configuration information, the same configuration as for the indicated S-CCPCH used in the current cell applies
	REL-6

	>>>Current cell's S-CCPCH
	MP
	
	MBMS Current cell S-CCPCH identity 10.3.9a.5
	Reference to the S-CCPCH in the current cell with which applies exaclty the same configuration
	REL-6

	>>>MSCH configuration information
	MP
	
	MSCH configuration information 10.3.9a.16
	
	REL-6

	>>Different
	
	
	
	
	REL-6

	>>>TrCh information for common for all TrCh
	MP
	
	MBMS Common CCTrCh identity 10.3.9a.1
	Refers to a (TFCS) configuration in the common RB info
	REL-6

	>>>TrCH information
	MP
	1 to <maxFACHPCH>
	
	
	REL-6

	>>>>TrCh information 
	MP
	
	MBMS Common TrCh identity 10.3.9a.4
	Refers to a (TFS) configuration in the common RB info
	REL-6

	>>>>TrCh combining status
	MP
	
	BOOLEAN
	Value TRUE means that TrCh combining is used for this transport channel (TDD only). Note 2.
	REL-6

	>>>>RB information list
	OP
	1 to <maxRBperTrCh>
	
	The IE is only present for the radio bearers for which selection (FDD) or transport channel (TDD) combining applies.
	REL-6

	>>>>>RB information
	MP
	
	MBMS p-t-m RB information 10.3.9a.7a
	
	REL-6

	>>>>MSCH configuration information
	OP
	
	MSCH configuration information 10.3.9a.16
	Included if the TrCH carries MSCH
	REL-6


	Condition
	Explanation

	Soft-FDD
	This IE is used only for FDD. It is mandatory default for FDD if the IE "L1 combining" is included in MBMS NEIGHBOURING CELL P-T-M RB INFORMATION. Otherwise it is not needed.


NOTE 1:
The signalling supports the option that UTRAN maps one service to L1 combining slots for some neighbours and to the L2 combining slots for other neighbours ie. the use of different combining schemes for different neighbours

NOTE 2:
Transport combining can only be indicated when the complete L2 configuration is provided for the neighbouring cell (i.e. using L2 configuration choice “different”). Fortunately, a scenario in which the neighbouring cell configuration is different from the current cell is regarded as the typical scenario for using transport combining.

NOTE 3:
For FDD, an S-CCPCH power offset is defined as the offset between the transmitted power of the data part of one S-CCPCH and the transmitted power of the P-CPICH of a given cell (Ps-ccpch – Pp-cpich). For TDD, an S-CCPCH power offset is defined as the offset between one S-CCPCH and the P-CCPCH of a given cell (Ps-ccpch – Pp-ccpch).

NOTE 4:
The Secondary CCPCH Power Offset Difference IE gives the UE an indication of the S-CCPCH power on the neighbouring cells that may be used to complete the neighbouring cell ranking based on P-CPICH power for FDD or P-CCPCH for TDD.
NOTE 5:
If the IE "L1 combining" is included in MBMS NEIGHBOURING CELL P-T-M RB INFORMATION the arbitrary offset (Of) is equal to the value of the IE "MBMS Soft Combining Power Offset" in the MBMS Current Cell p-t-m rb Information message that refers to the S-CCPCH of the serving cell that is going to be soft combined to this neighbour cell S-CCPCH.  In all other cases the arbitrary offset (Of) is not specified since its exact value is not needed for the ranking of the S-CCPCHs from neighbour cells.
[…]

10.3.9a.10b
MBMS Soft Combining Power Offset

Indicates the offset between the transmitted power of a secondary CCPCH carrying only MBMS logical channels and the transmitted power of the P-CPICH. It is used for FDD only.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	MBMS Soft Combining Power Offset
	MP
	
	Real (-10, 8.6) in steps of 0.6
	(Ps-ccpch – Pp-cpich) in dB.
	REL-6


[…]
11.3
Information element definitions

[…]
MBMS-CurrentCell-SCCPCH-r6 ::=

SEQUENCE {


sccpchIdentity





MBMS-SCCPCHIdentity




OPTIONAL,


secondaryCCPCH-Info




MBMS-CommonPhyChIdentity,


softComb-TimingOffset



MBMS-SoftComb-TimingOffset


DEFAULT ms0,


softComb-PowerOffset



MBMS-SoftComb-PowerOffset


OPTIONAL,


transpCh-InfoCommonForAllTrCh

MBMS-CommonCCTrChIdentity,


transpCHInformation




MBMS-TrCHInformation-CommList

}

[…]
MBMS-NeighbouringCellSCCPCH-r6 ::=
SEQUENCE {


secondaryCCPCH-Info




MBMS-CommonPhyChIdentity,


secondaryCCPCHPwrOffsetDiff


MBMS-SCCPCHPwrOffsetDiff


OPTIONAL,


secondaryCCPCHPwrOffsetFineCorDiff
MBMS-SCCPCHPwrOffsetFineCorDiff

OPTIONAL,


layer1Combining





CHOICE {



fdd








SEQUENCE {




softComb-TimingOffset



MBMS-SoftComb-TimingOffset,




mbms-L1CombiningTransmTimeDiff

MBMS-L1CombiningTransmTimeDiff,




mbms-L1CombiningSchedule


MBMS-L1CombiningSchedule
OPTIONAL



},



tdd








NULL


}

OPTIONAL,


mbms-L23Configuration



MBMS-L23Configuration

}

[…]
MBMS-SCCPCHIdentity ::=



INTEGER (1..maxSCCPCH)

MBMS-SCCPCHPwrOffsetDiff ::=

ENUMERATED { mcpo-minus6, mcpo-minus3, mcpo-plus3, mcpo-plus6 }

MBMS-SCCPCHPwrOffsetFineCorDiff ::=
ENUMERATED { dBminus1-2, dBminus0-6, dBplus0-6, dBplus1-2 }

[…]
MBMS-SoftComb-PowerOffset ::=

ENUMERATED { dBminus10, dBminus9-4, dBminus8-8, dBminus8-2, dBminus7-6, dBminus7, dBminus6-4, dBminus5-8, dBminus5-2, dBminus4-6, dBminus4, dBminus3-4, dBminus2-8,
dBminus2-2, dBminus1-6, dBminus1, dBminus0-4, dBplus0-2, dBplus0-8, 









dBplus1-4, dBplus2, dBplus2-6, dBplus3-2, dBplus3-8, dBplus4-4, dBplus5, dBplus5-6, dBplus6-2, dBplus6-8, dBplus7-4, dBplus8, dBplus8-6 }

MBMS-SoftComb-TimingOffset ::=

ENUMERATED { ms0, ms10, ms20, ms40 }

MBMS-TCTF-Presence ::=



ENUMERATED { false }

[…]
� EMBED Equation.3  ���
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