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1. Introduction


The signalling for selective combining and rake combining between the current cell and neighbouring cells is defined in the TS 25.331. [1] Currently the signalling does not provide support for rake combining between neighbouring cells. This document shows the gain of rake combining of neighbouring cells and it proposes a simple signalling method to support this. 
2. Discussion


Assuming the following example scenario, the MBMS transmission time difference is shown in the figure 1. It is expressed in unit of 10ms while a TTI of 40ms is used. 
· Current cell is cell A belonging to node A
· Neighbouring cells for selective combining are cell B and cell C belonging to node B, i.e. cell A and cell B can be rake combining


[image: image1.emf]0  1  2  3  4  5  6  7  8  9  10 11 12 13 14 15 … … 

Current Cell

Neighbouring Cell A

Neighbouring Cell B

Selective combining with current cell and cell A and cell B

Rake combinable between cell A and cell B


Figure 1. timing difference between current cell and neighbouring cells
According to the defined signalling in TS 25.331, only selective combining (current cell, cell A, cell B) can be signalled. In this case however, it is possible to perform rake combining between cell A and cell B, after which the result can again be selectively combined with the current cell.
Comparing those two methods, when data from the current cell is not received successfully, selective combining (current cell, cell A, cell B) can compensates data loss when data from selective combining (cell A, cell B) is received successfully. Meanwhile, selective combining (current cell, rake combining (cell A, cell B)) compensates data loss when data from rake combining (cell A, cell B) is received successfully. 
It is common sense that a rake combining (cell A, cell B) is better than selective combining (cell A, cell B). 
Especially, the performance on selective combining (current cell, rake combining (cell A, cell B)) is notable than selective combining (current cell, cell A, cell B) when the UE is in handover area. 

The figure 2 and figure 3 show the gain of rake combining of neighbouring cells. We assume three radio links such as the example scenario above, i.e. selective combining (current cell, cell A, cell B) vs selective combining (current cell, rake combining (cell A, cell B)). We compare those two methods in 1% BLER coverage vs MBMS Tx Ec/Ior. Detailed simulation parameters are in the table 1 below. They are derived from the TR 25.803. [2]
	Parameter
	Value

	S-CCPCH Slot format
	10 (64 kbps)

	CRC
	16 bits

	Transmission interval (TTI)
	20 ms

	CPICH Ec/Ior
	-10 dB (10%)

	P-SCH Ec/Ior
	-15 dB (3%)

	S-SCH Ec/Ior
	-15 dB (3%)

	Tx Ec/Ior
	Varied

	OCNS
	Used to sum the total Tx Ec/Ior to 0 dB (100%)

	Geometry (Iôr/Ioc)
	-3 dB

-6 dB

	Channel estimation
	Ideal

	Power Control
	Disabled

	Channel
	Case 2, 3km/h 

	Tx diversity
	Off

	Number of radio link
	3

	BLER
	1%


Table 1. Simulation parameters

The figure 2 is the simulation result assuming the geometry factor of the RL1 from the current cell, RL2 from the neighbouring cell A, and RL3 from the neighbouring cell B is -6dB. As seen in the figure 2, selective combining (RL1, RL2, RL3) Ec/Ior is -7.8dB at 1.00E-02 BLER, while selective combining (RL1, rake combining (RL2, RL3)) Ec/Ior is -9.3dB. Then, the latter is better than the former by the 1.5dB gain. 

The figure 3 is the simulation result assuming the geometry factor of the RL1 from the current cell is -3dB, and geometry factor of the RL2 from the neighbouring cell A and RL3 from the neighbouring cell B is -6dB. As seen in the figure 3, selective combining (RL1, RL2, RL3) Ec/Ior is -8.8dB at 1.00E-02 BLER, while selective combining (RL1, rake combining (RL2, RL3)) Ec/Ior is -10.1dB. Then, the latter has better than the former by the 1.3dB gain. 
From the figure 2 and figure 3, even though the radio status of the current cell is good, i.e. when geometry factor of the RL1 is -3dB, it shows enough gain of selective combining (RL1, rake combining (RL2, RL3)) rather than selective combining (RL1, RL2, RL3). Furthermore when the radio status of the current cell is worse, i.e. when geometry factor of the RL1 is -6dB, it shows more gain. 
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Figure 2. selective combining (RL1, RL2, RL3) vs selective combining (RL1, rake combining (RL2, RL3)) (G1 = -6dB, G2 = -6dB, G3 = -6dB)
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Figure 3. selective combining (RL1, RL2, RL3) vs selective combining (RL1, rake combining (RL2, RL3)) (G1 = -3dB, G2 = -6dB, G3 = -6dB)
At the moment, there is no signalling support for rake combining of neighbouring cells. Even though there is enough gain of rake combining of neighbouring cells, the signalling overhead should be simple and small. Then, we think that the simplest signalling would be adding rake combinable group id to the neighbouring cells’ SCCPCHs in the neighbouring cell list for selective combining if they can be rake combined. 
The UE can verify which SCCPCH of cells in the neighbouring cell list for selective combining can be rake combined by the rake combinable group id, i.e. selective combining (current cell, rake combining (neighbouring cells with same rake combinable group id), remained neighbouring cells). 
For the signalling overhead point of view, assuming 4 bits assigned to rake combinable group id and 8 neighbouring cells with 2 SCCPCHs are given for selective combining, it requires 64 bits in the worst case. The average required bits would be 32 bits. The signalling overhead would be quite small portion compared with total required bits for MBMS NEIGHBOURING CELL PTM RB INFORMATION. We assume it is acceptable from the signalling point of view. 
To be concluded, we propose to support rake combining of neighbouring cells using rake combinable group id in MBMS NEIGHBOURING CELL PTM RB INFOMRATION. 
3. Conclusion

In this document, for rake combining of neighbouring cells, we propose rake combinable group id to neighbouring cells’ SCCPCHs which are used for selective combining. If the above proposal is acceptable, we would like to reflect the attached CR for the corresponding change to the TS 25.331.
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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 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
	
	

	Neighbouring cell identity
	MP
	
	Integer (1..X)
	Assumption is to use a short index eg. pointer to SIB 11/ 12
	

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

	>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
	

	>Rake combinable group id
	OP
	
	Integer  (0..15)
	Rake combining may be performed between neighbouring cells for which the same identity is provided
	

	>CHOICE combining method
	
	
	
	
	

	>>Full L1 combining
	
	
	
	
	

	>>>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 L1 combining is performed. Note that this applies exaclty the same configuration, so no further info is needed
	

	>>>Type of L1-combining
	MP
	
	Enumerated (Rake, Soft)
	
	

	>>Other combining
	
	
	
	Partial L1- combining or L2- combining
	

	>>>MBMS L1 combining schedule
	OP
	
	MBMS L1- combining schedule
	If  included partial layer 1 (Soft) combining applies, in which case this IE indicates when L1- combining applies. If the IE is absent, L2- combining applies
	

	>>>CHOICE L2 configuration
	MP
	
	
	
	

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

	>>>>>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
	

	>>>>Different
	
	
	
	
	

	>>>>>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
	

	>>>>>FACH carrying MTCH list
	MP
	1 to <maxFACHPCH>
	
	
	

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

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

	>>>>>>RB information list
	MP
	1 to <maxRBperTrCh>
	
	
	

	>>>>>>>MBMS short transmission ID
	MP
	
	MBMS Short transmission identity 10.3.9a.10
	
	

	>>>>>>>MBMS logical channel identity
	MP
	
	Integer (1..16)
	This identifier is used to distinguish different MTCH mapped on to a TrCh (within the MAC header)
	

	>>>>>>>L1 combining status
	MP
	
	BOOLEAN
	Value TRUE means that L1 combining is used for this radio bearer
	

	>>>>>Scheduling information
	OP
	
	
	
	

	>>>>>>FACH carrying MSCH
	MP
	
	MBMS Common TrCh identity 10.3.9a.4
	Transport channel carrying MSCH
	

	>>>>>>MSCH configuration information
	MP
	
	MSCH configuration information 10.3.9a.16
	
	


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.
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