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1. Introduction

In this contribution we would like to discuss the status w.r.t. MBMS combining possibilities, and the impact of the different combining possibilities on the provision of the scheduling information.
2. Status in RAN
2.1. RAN1 status
The working assumption in RAN1 is that 3 combining solutions will be supported in MBMS Rel-6:

1) Rake combining

· window of +/-148 chips;

· expected to only be used in intra-Node-B cases;

2) Selective combining

· combining at RLC level;

· gain significant, but less than for the other two combining solutions;

3) Soft combining

· similar to rake combining (from RAN2 point of view), however with larger maximum time difference;

· working assumption in RAN1 is that the whole contents of a TTI (including TFC) needs to be identical;

· maximum supported time difference still to be agreed (order of few ms to full TTI); 

Combining solutions 1) and 3) can be grouped as “L1-combining”, solution 2 could also be called “L2-combining” (RLC combining).
2.2. RAN2 status
In RAN2 a debate just started concerning whether for the combining solutions 1) and 3) it should be possible to have “partial combining” in addition to “full combining”:

1) Full combining

· All information sent on two sCCPCH’s in different cells can be L1-combined (either Rake- or Soft-combined) or not;
2) Partial combining

· Only information during certain TTI’s can be L1-combined, during other TTI’s information can not be L1-combined, but may be selective combinable.

Irrespective of whether full or partial combining is applied, the intention is always to make the UE aware of two parts of scheduling information for the MTCH transmissions:


A) L1 Combining schedule



When can what type of L1-combining (no/rake-/soft combining) be applied ?


B) Service transmission schedule



When is which service expected to be transmitted ?

NOTE 1: 
Different possibilities will be discussed on how to inform the UE about these schedules. The complexity of the schedules will depend on the combining solution that is chosen, e.g: L1-combining in case of full combining is a static attribute of the sCCPCH’s: no detailed schedule needs to be provided;

NOTE 2:
We do not talk about a L2-combining schedule since L2-combining is assumed to always be a static attribute of the service provisioning in a cell: if a service is selective combinable between two cells, it will always be selective combinable (untill reconfigured);
3. Full combining

3.1. L1-combining schedule

Assuming a UTRAN is able to transmit the same contents on two sCCPCH’s, the possibility to support rake- or soft-combining on two sCCPCH’s from neighbouring cells depends in principle only on the level of time alignment that exists between the two sCCPCH’s: if the time synchronisation is within the rake window, rake combining is possible. If the time difference is larger but still within the soft-combining limits, soft-combining will be possible.
The support of Rake- or Soft-combining is a characteristic of the relation between two sCCPCH’s. It can therefore be signalled by including the following two parameters for each sCCPCH in the neighbouring cell configuration:

- sCCPCH’s id of combinable sCCPCH in current cell [O]


- L1-combining type (Rake- or Soft-combining)
The support for Selective-combining is a RB characteristic: of different services mapped to the same sCCPCH in a neighbouring cell, some may be selective combinable with the service information provided in the current cell, others may not.
Since in this case, the applicability of L1-combining between two sCCPCH’s is assumed to be a static characteristics (always/never possible), there is no need to signal any further scheduling information regarding when to apply what L1-combining. 
3.2. Service transmission schedule

Based on earlier discussions, the following decisions were already reflected in [1]:

1. The purpose of the signalling flow is to enable UEs to perform discontinuous reception of MTCH. The UE may discontinuously receive MTCH based on scheduling information indicated by the MTCH SCHEDULING INFORMATION. 

2. This signalling is transmitted on SCCPCH carrying MTCH. 
3. The MTCH SCHEDULING INFORMATION is signalled at predetermined intervals. 

4. The scheduling information allows to cover different periods for different MBMS services.

5. The MTCH SCHEDULING INFORMATION includes: The beginning and duration for possible MBMS service transmissions on this SCCPCH.
Related to bullet 3, the scheduling of the MTCH SCHEDULING INFORMATION message needs to be signalled for each sCCPCH. In such a schedule, it is e.g. indicated that the SCHEDULING INFORMATION is provided starting at every SFNmodX=0. In case of full combining, if two sCCPCH’s can be L1-combined, the scheduling of the MTCH SCHEDULING INFORMATION messages will be the same on both sCCPCH’s. Therefore it is sufficient to only inform the UE about the schedule applied in the current cell.
On the MSCH (MBMS Scheduling Channel) we will provide the MTCH SCHEDULING INFORMATION message which will include for each of the scheduled services which allows DTX, when the UE has to receive the information.

3.3. Signalling example
In the following tables we provide a signalling example of how the combining/scheduling information could be signalled in a cell. Three parts of information are discriminated:

· Table 1: Information related to the transmission in the current cell (on MCCH)

· Table 2: Information related to the transmission in a neighbouring cell (on MCCH)

· Table 3: Service schedule information (on MSCH)

In tables 1 and 2, combining/scheduling related information is indicated in red.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Cell identity
	OP
	 
	
	Neighbouring cell identity

	S-CCPCH list
	MP
	maxSCCPCH
	 
	

	> Secondary CCPCH info
	
	
	
	

	> MTCH SCHEDULING INFORMATION schedule
	OP
	
	e.g. (32, 64, 128, 256, 512, 1024)
	Indicates X, where scheduling information is provided starting at SFNmodX=0.

	> Transport channel list
	MP
	maxTrCHper sCCPCH
	
	

	>>TrCh information for each TrCh
	MP
	
	
	 

	>>RB information list
	MP
	maxRBperTrCh
	
	 

	>>> RB information per RB
	MP
	
	
	


Table 1: Full combining: Information for current cell

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

	Cell identity
	OP
	 
	
	Neighbouring cell identity

	S-CCPCH list
	MP
	maxSCCPCH
	 
	

	> Secondary CCPCH info
	
	
	
	

	> CHOICE L1- or no-L1-combining
	MP
	
	
	

	>> L1-combining
	
	
	
	

	>>> Reference sCCPCH in current
       cell
	OP
	
	sCCPCH id
	Only included if this sCCPCH is rake- or soft-combinable with an sCCPCH in the current cell

	>>> Type of L1-combining
	CV-Ref
	 
	Enumerated (Rake, Soft)
	Only included if a reference id is included

	>> No-L1-combining
	
	
	
	

	>>> Transport channel list
	MP
	maxTrCHper sCCPCH
	
	

	>>>>TrCh information for each TrCh
	MP
	
	
	All TrCh’s are indicated if at least 1 RB on the sCCPCH is L2-combinable

	>>>>RB information list
	MP
	maxRBperTrCh
	
	 

	>>>>> RB information per RB
	MP
	
	
	Only information for RB’s which are L2-combinable is included


	Condition
	Explanation

	CV-Ref
	Mandatory present when a reference sCCPCH is indicated, otherwise ignored.


Table 2: Full combining: Information for neighbouring cell
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Transport channel list
	MP
	1..maxTrCHper sCCPCH
	
	

	> Transport channel id
	MP
	
	
	

	> RB information list
	MP
	1..maxRBperTrCh
	
	 

	>> RB id
	
	
	0..15
	

	>> Transmission period list
	MP
	1..maxTrxPeriordsPerService
	
	Indicates periods in which a transmission for this service might take place

	>>> Transmission start offset
	MP
	
	SFN offset
	Offset relative to the start of this SCHEDULING INFORMATION message

	>>> Transmission duration
	MP
	
	TrxDuration
	Period duration in frames


Table 3: Service scheduling information (MTCH SCHEDULING INFORMATION)

4. Partial combining
4.1 L1-Combining schedule

A first decision which needs to be made for this case is whether the signalled combining schedule is service specific or non-service specific.

a) Non-service specific
In this type of solution, the L1-combining schedule is independent of any information carried on the sCCPCH. A simple service schedule could e.g. be that this sCCPCH can be L1-combined with a reference sCCPCH in the current cell when the 4th lowest bit of the SFN is 0, and not combined when this bit is 1: as a result, the sCCPCHs can be combined for a period of 8 frames, and consequetively not combined for a period of 8 frames.

b) Service specific
In this type of solution, the L1-combining schedule is directly linked to the Service transmission schedule: whenever a certain service is to be transmitted, the L1-combining configured for this service is applicable.
In case b) the combining scheduling information is implicitely provided by the service transmission schedule sent on MSCH.
Also in case a), it is assumed that the service transmission schedule will be provided on the MSCH. However, for the L1-combining schedule different options exist:

1)
MCCH
If the L1-combining schedule can be considered relatively static information, the L1-combining schedule can be signalled on MCCH as part of the neighbouring sCCPCH information.

2)
MSCH
If a more dynamic adjustment of the combining schedule is required, a separate L1-combining message could be introduced on MSCH regularly informing the UE about the L1-combining schedule for the combining period: for each TTI in the coming period it would be indicated which other cells can be L1-combined with the information in the current cell.
In general it is assumed that no large flexibility in combining schedule needs to be supported. Note that even if we choose to provide a non-service specific L1-combining schedule on MCCH, still it could be updated every modification period. 
The non-service specific MCCH solution also has one other advantage: in the full combining case, it is assumed that when a UE fails to read an MTCH SCHEDULING INFORMATION message, the easy recovery is to continue reception up to the next MTCH SCHEDULING INFORMATION message. Thus any transmission up to the next MTCH SCHEDULING INFORMATION will be received, and from that point the UE should become aware again of the service specific schedule. At the cost of a little additional power consumption, no service degradation will take place. However, including the combining schedule in the MTCH SCHEDULING INFORMATION message in the case of partial combining, will make it impossible for the UE to know what combining to apply when it misses this message. As a result, the UE will have to assume that no combining can be applied, thereby at least degrading service reception. In those cases whether the UE capabilities required for the non-L1-combining are higher than the UE capabilities for the case L1-combining is applied, the fall-back will not allow selection combining.
We assume that the fall-back to selection combining in case of combining schedule message loss will be possible in most cases, but lead to a service degradation which can not be counter-acted by the UE.  Therefore providing this information on the MSCH should not be prefered.
Summarising, we have two options:

a) the L1-combining schedule and the service transmission schedule can both be signalled on MSCH (e.g. in one MTCH SCHEDULING INFORMATION message);

b) alternatively, the combining schedule is signalled on the MCCH, and the MBMS service schedule is signalled in the MTCH SCHEDULING INFORMATION message on the MSCH.
With the second option being the prefered option based on the discussion above.
4.2. Service transmission schedule

We assume that the service transmission schedule will contain the same information as for the full combining case.

Special issue for this case is whether the MSCH should be L1-combinable ? Enabling L1-combining for this information is more difficult compared to the full combining case, since different services might be provided on the sCCPCHs in the current and the neighbouring cell and therefore the MSCH contents will typically not be identical.

· No combining support:
This is the simplest approach: in this case the MTCH SCHEDULING INFORMATION message provides information on all services on the sCCPCH, and the message itself is not L1-combinable with transmission from other cells.

· Combining support:
Since every service might in principle have a different L1 combining configuration (e.g. service 1, cell 1,2,3; service 2, cell 1; service 3, cell 1,2; …), combining for this case seems only possible when the MTCH SCHEDULING INFORMATION is provided per group of services (with the same L1-combining characteristics) or even per service. In the last case, for each service an MTCH SCHEDULING INFORMATION schedule shall be provided.
Given that the MSCH is assumed to be a low rate channel, it should be no big problem to provide this information on a separate channel with robust channel protection coding, thus limiting the additional power resources required due to the lack of L1-combining support.

4.3. Signalling examples
In this section we will provide an overview on the signalling support required for two approaches for partial combining, which are considered to be the simplest approaches possible:

4.3.1 Example 1
· Non-service specific L1-combining schedule, signalled via MCCH;
· MSCH schedule a priori known by UE;
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An example configuration is shown in the following picture:

Example 1: Scheduling example
Both the format of the “information for current cell” and the “service transmission schedule” is assumed in principle to be the same as for the full combining solution.

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

	Cell identity
	OP
	 
	
	Neighbouring cell identity

	S-CCPCH list
	MP
	maxSCCPCH
	 
	

	> Secondary CCPCH info
	
	
	
	

	> Reference sCCPCH in current cell
	OP
	
	sCCPCH id
	Only included if this sCCPCH is rake- or soft-combinable with an sCCPCH in the current cell

	> Type of L1-combining
	CV-Ref
	 
	Enumerated (Rake, Soft)
	Only included if a reference id is included

	> L1-Combining schedule
	OP
	
	
	Indicates when the combining type indicated in the IE “Type of combining”  shall be used with reference sCCPCH in the current cell

	> MTCH SCHEDULING INFORMATION schedule
	OP
	
	e.g. (32, 64, 128, 256, 512, 1024)
	Indicates X, where scheduling information is provided starting at SFNmodX=0.

	> Transport channel list
	MP
	maxTrCHper sCCPCH
	
	

	>>TrCh information for each TrCh
	MP
	
	
	All TrCh’s are indicated if at least 1 RB on the sCCPCH is L2-combinable

	>>RB information list
	MP
	maxRBperTrCh
	
	 

	>>> RB information per RB
	MP
	
	
	Only information for RB’s for which L2-combining is supported are included. If included, this service provided in the neighbouring cell is selective combinable with the service provided in the current cell if received in non-L1-combinable periods.


	Condition
	Explanation

	CV-Ref
	Mandatory present when a reference sCCPCH is indicated, otherwise ignored.


Table 4: Partial combining 1: information for neighbouring cell

Note that the MTCH SCHEDULING INFORMATION schedule should always only use frames which are indicated in the L1-Combining schedule as not L1-combinable.
4.3.2 Example 2

· Service specific L1-combining schedule, signalled via MSCH (implicitly with service transmission schedule);

· MSCH schedule not a priori known by UE; MSCH sent during service transmission periods;

· MSCH information (per service) obtains the same L1 combining as rest of the service information;
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An example configuration is shown in the following picture:

Example 2: Scheduling example
In this example, the format of the “service transmission schedule” can in principle remain the same as for the full combining solution (allthough it might be limited to contain one service only).

The information for the current cell is the same as for the full combining case, except for the MSCH scheduling information which has been removed:

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

	Cell identity
	OP
	 
	
	Neighbouring cell identity

	S-CCPCH list
	MP
	maxSCCPCH
	 
	

	> Secondary CCPCH info
	
	
	
	

	> Transport channel list
	MP
	maxTrCHper sCCPCH
	
	

	>>TrCh information for each TrCh
	MP
	
	
	 

	>>RB information list
	MP
	maxRBperTrCh
	
	 

	>>> RB information per RB
	MP
	
	
	


Table 5: Partial combining 2 : Information for current cell

The information for the neighbouring cell allows both L1-combining and L2-combining for the same sCCPCH.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Cell identity
	OP
	 
	
	Neighbouring cell identity

	S-CCPCH list
	MP
	maxSCCPCH
	 
	

	> Secondary CCPCH info
	
	
	
	

	> Reference sCCPCH in current cell
	OP
	
	sCCPCH id
	Only included if this sCCPCH is rake- or soft-combinable with an sCCPCH in the current cell

	> Type of L1-combining
	CV-Ref
	 
	Enumerated (Rake, Soft)
	Only included if a reference id is included

	> Transport channel list
	MP
	maxTrCHper sCCPCH
	
	

	>>TrCh information for each TrCh
	MP
	
	
	All TrCh’s are indicated if at least 1 RB on the sCCPCH is L2-combinable

	>>RB information list
	MP
	maxRBperTrCh
	
	 

	>>> RB information per RB
	MP
	
	
	Only RB’s which are L1- or L2- combinable are included

	>>> CHOICE L1- or Non-L1 
        combinable
	MP
	
	
	

	>>>> L1-combinable
	
	
	NULL
	This service is L1-combinable (with type “Type of L1-combining”) on the reference sCCPCH in current cell

	>>>> L2-combinable
	
	
	NULL
	This service provided in the neighbouring cell is selective combinable with the service provided in the current cell, irrespective of the sCCPCH on which it is provided


	Condition
	Explanation

	CV-Ref
	Mandatory present when a reference sCCPCH is indicated, otherwise ignored.


Table 6: Partial combining 2 : Information for neighbouring cell
Note that this example solution has a kind of “chicken/egg problem”:  the UE will not have any a priori knowledge on which parts of information to combine on L1 untill it has succesfully decoded the first MTCH SCHEDULING INFORMATION message. However, this is also true for the MTCH SCHEDULING INFORMATION message itself.
5. Benefits of Partial combining

Partial combining will enable the multiplexing of services that are L1-combinable with a neighbouring cell, with services that are not L1-combinable. If partial combining is not supported, then such a situation would have to be handled by using different sCCPCH’s: one for L1-combinable services, another for non-L1-combinable services. If L1-combining support for different services is different in neighbouring cells, more sCCPCH’s might be required, in the worst case leading to having 1 sCCPCH per MBMS service.
One could wonder if the support for partial soft-combining brings significant benefits to MBMS ? The following should be considered:

a) The MBMS solution in Rel6 is based on the assumption that the UE is receiving only 1 MBMS service in parallel. As soon as the UE has to receive multiple MBMS transmissions in parallel, service reception can no longer be guaranteed (other frequency, PTM<->PTP limitations). Therefore having several sCCPCH’s configured in a cell, each handling a one or more services does not seem to be a real problem from UE capability point of view.

b) The usage of partial combining will enable some multiplexing flexibility, e.g. assume the following configuration:



Cell 1: MBMS Services A, B, C



Cell 2: MBMS Services A, B, D, E



Cell 3: MBMS Services A, B, D

In this case, the scheduling of the different services in the difference cells could be handled as follows:


Cell 1:

A
B
C
C
A
B
C
C
A
B
C
C
….


Cell 2:

A
B
D
E
A
B
D
E
A
B
D
E
….


Cell 3:

A
B
D

A
B
D

A
B
D

….

As can be seen, up to what extend partial soft combining is really useable will depend on the rates of the different services that need to be provided in the current cells. If rates are not “optimal”, holes in one or more cells may be the result (see cell 3 above).

In case of a solution with different sCCPCH’s, cell 1 would have 2 sCCPCHs (A/B,C), cell 2 would have 3 sCCPCH’s (A/B, D, E) and cell 3 would need 2 sCCPCHs (A/B,D). 

c) 
A solution based on different sCCPCH’s will be less flexible then a solution based on partial combining. However if a high flexibility is required, selection combining can be used. In this case the usage of rake-/soft-combining could primarily targetted at high rate services provided over larger areas.
6. Conclusion

The signalling analysis of section 4 resulted in at least one useable signalling alternative for partial combining support with little additional overhead (Example 1). 

However it should be realised that apart from not supporting L1-combining on the MTCH SCHEDULING INFORMATION, another limitation of this solution is that everytime the split between L1-combinable/non-L1-combinable services changes, the L1-combining schedule needs to be adapted which could be seen as a kind of reconfiguration. A similar flexibility can be obtained by reconfiguring existing S-CCPCH’s when new services are added to the cell/removed from the cell. Considering this and the limitations of partial combining indicated in section 5, we think it is not crucial to have partial combining for MBMS.
If RAN2 can agree on no partial-combining support for MBMS, it is proposed to agree on including the following information on MCCH:

· For every sCCPCH in the current cell:
· MTCH SCHEDULING INFORMATION schedule

- 
For every sCCPCH in a neighbouring cell with which L1-combining is possible:

· Reference sCCPCH in current cell

· Type of L1 combining

 - 
For every MBMS service provided in a neighouring cell and which is L2-combinable:
· Indication of the L2-combining support

If RAN2 decides that partial combining is anyway essential for MBMS, it is proposed to agree on:

· For every sCCPCH in the current cell:

· MTCH SCHEDULING INFORMATION schedule

- 
For every sCCPCH in a neighbouring cell with which L1-combining is possible:

· Reference sCCPCH in current cell

· Type of L1 combining

· L1 combining schedule

· MTCH SCHEDULING INFORMATION schedule

· No L1-combining for MTCH SCHEDULING INFORMATION schedule
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� The indicated contents of the MTCH SCHEDULING INFORMATION is based on [2], which was discussed and largely agreed in Budapest.
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