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1. Introduction

Mix of soft combining and selective combining is discussed in RAN1 #39. It is support for mixed combining is not required from the UE [1], although the gain of additive selective combining is obvious in the case of the soft combining link weaker than the selective combining link [2]. In this contribution, we would like to discuss the MTCH scheduling which enable UE perform selective combining or mixed combining with little extra capability.

2. Discussion

2.1. Conventional scheduling and combining

RAN 1 has agreed that in case of layer 1 combining the UE should be able to combine transmissions from different cells provided they fall within a time window of 1 TTI + 1 slot. The following figure provides an example of the timing of an MBMS transmission in different cells the UE can apply for L1 combining or selective combining.
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Figure 1 Example 1: Neighbouring time difference scenario

In this example, the grey block is one TTI of 40 ms, which transmits the same MBMS data in each S-CCPCH of different cells. We can see that the time difference of neighbour cell 3 is more than 1 TTI + 1 slot, whereas each of neighbour cell 1 and cell 2 is within UE window. So a UE in the current cell could select neighbour cell 1 or cell 2 to perform soft combining, or it could select neighbour cell 3 to perform selective combining.

MSCH carries the MTCH scheduling information that enables UE to perform discontinuous reception of MTCH. Under current discussion, MSCH is transmitted periodically, and for each scheduling interval it is concluded that following would be transmitted for each service on the S-CCPCH:

· MBMS service identifier

· The start time and duration of a period of data transmission

Keeping to these rules, an example of MTCH scheduling is shown in the following picture:
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Figure 2 Example 2: MTCH scheduling in S-CCPCH
We assume such a situation is satisfied. The S-CCPCH configuration in current cell, neighbour cell 1, cell2 and cell 3 are all the same as in the example 2. The time difference in upper cells is as in example 1. The UE observed in current cell is willing to receive MBMS service 1. Then the selective combining or mixed combining performed in UE receiver would like as follow figure.


[image: image3.wmf] 

S

-

CCPCH 1

 

1: Selective combining

 

MSCH

 

TB 1

 

TB 2

 

TB 3

 

TB 4

 

MSCH

 

…

 

S

-

CCPCH 3

 

MSCH

 

TB 1

 

TB 2

 

TB 3

 

TB 4

 

MSCH

 

…

 

…

 

…

 

Turbo 

Decoder 1

 

Turbo 

Decoder 2

 

S

-

CCPCH 2

 

2: Mixed combining

 

MSCH

 

TB 1

 

TB 2

 

TB 3

 

TB 4

 

MSCH

 

…

 

S

-

CCPCH 3

 

MSCH

 

TB1

 

TB 2

 

TB 3

 

TB 4

 

MSCH

 

…

 

…

 

…

 

Turbo 

Decoder 1

 

Turb

o 

Decoder 2

 

S

-

CCPCH 1

 

MSCH

 

TB 1

 

TB 2

 

TB 3

 

TB 4

 

MSCH

 

…

 

…

 


Figure 3 Conventional scheduling and combining scheme
Figure 3 shows the conventional combining solution under the MTCH scheduling in example 2. Here, the Transmission Block (TB) length equals to 1 TTI.

2.2. Disperse scheduling and combining

In this contribution, we propose a Disperse scheduling in S-CCPCH multiplexing. The “Disperse” means that in every MSCH cycle, MBMS services do not transmit as a mass in line, such as example 1, the transmission blocks of one MBMS service are dispersed in whole MSCH cycle with certain interval. In generally, the interval should be larger than 3 TTI. An example of Disperse scheduling is shown in the following picture:
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Figure 4 Example 3: Disperse scheduling
Also we assume the time difference in upper cells is as in example 1, and the UE observed in current cell is willing to receive MBMS service 1. Then the selective combining or mixed combining performed in UE receiver under the disperse scheduling would be like as in the following figure.
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Figure 5 Combining scheme based on proposed scheduling
If disperse scheduling is applied in UTRAN, MSCH carries MTCH scheduling information that should contain following elements on the S-CCPCH:

· MBMS service identifier

· The start time and duration of a period of data transmission

· The interval of transmission block 

A clash will occur when the selective combining branch soft symbols come to but the soft combining branch data is in Turbo decoder coincidently. Although the clash probability does not seem so small, in fact the clash of data reception in UE receiver would be avoided by buffering. The reception of more than one S-CCPCH can be supported in the downlink on the same frequency by one UE simultaneously [3]. So UE can receive 1 TTI of data block from selective combining branch and store in TTI buffer. As soon as the Turbo decoder is released from current cell data decoding, the buffered data could be processed in sequence. Compare to selective combining or mixed combining in continual transmission, only 1 TTI symbol value would be buffered and only 1 Turbo decoder would be used.

The buffer size in UE receptor are required as in following table which is based on the main factor that MBMS UE is required to receive simultaneously 3RLs with SF=16, TTI=80ms, bit rate per RL ~ 128kbps. For example, buffer size for 3 S-CCPCHs is calculated as

Frame buffer size ( (38400/16)(2[QPSK](3[RLs] = 14400


TTI buffer size ( (38400/16)(2[QPSK]((8+1)[frames](3[RLs] = 129600


Decoded buffer size ( 1280[bits/10ms](8[frames](3[RLs] = 30720

In TTI buffer size requirement, 1 more frame is provided for 20ms Turbo decoding delay.

	
	Frame buffer size
	TTI buffer size
	Decoded buffer size
	Turbo decoder

	Conventional scheduling

	3RLs SC
	14400
	129600
	30720
	3

	2RLs LLR + 1RL SC
	14400
	129600
	20480
	2

	Proposed scheduling (full overlap)

	3RLs SC
	14400
	115200
	10240
	1

	2RLs LLR + 1RL SC
	14400
	115200
	10240
	1

	Proposed scheduling (no overlap)

	3RLs SC
	4800
	38400
	10240
	1

	2RLs LLR + 1RL SC
	4800
	76800
	10240
	1


We can see that less buffer size are needed in proposed scheduling if there is no overlap between service cell and neighbouring cell. In such case, the processing in UE receptor is more like the pipelining, and only 1 Turbo decoder should be deployed. The buffer size will increase according to the increasing of overlap degree among selective combining branches. If there is suitable combining branch whose overlap is less than certain value, even the minimum capability UE can perform the 3RLs selective combining or mixed combining to achieve much higher reception gain.

The minimum UE capability, for MBMS capable UE, shall support selective combining and support soft combining, but the mix of soft and selective combining is not required from UE. UE will perform DRx where a service is bursty or where two or more services are time multiplexed onto a single S-CCPCH. If one transmit block is equal to 1 TTI and the space between adjust block is more than 2 TTI (reserve switch time), the data on current cell S-CCPCH and which on neighbour cell S-CCPCH can be deal with through one tunnel and one Turbo decoder in receiver. Even for the mixed combining, much more extra capability, e.g. memory, is not required from UE. And yet, more complex MTCH scheduling should be considered on services transmission.

3. Conclusions

In this contribution, we discussed the MTCH scheduling in MBMS. A new information element “interval of transmission block” is proposed to be included in MTCH scheduling information message, and the transmission blocks of one MBMS service are proposed to be dispersed in a whole MSCH cycle with a certain interval. So that the data on current cell S-CCPCH and which on neighbour cell S-CCPCH can be treated with through one tunnel and one Turbo decoder in receiver, which enables the UE to perform selective combining or mixed combining with little extra capability.
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