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1. Introduction

Selective Combining as a way to reduce downlink power consumption has been discussed in RAN WG1. Simulation results on 64 kbps MBMS service show gains as below table [1]. 
	Coverage @ 1% BLER
	TTI length
	1 RL (HHO hys = 3dB)
	SC (2RLs)

	90%
	20ms
	-5.1dB (30.9%)
	-9.8dB (10.5%)

	
	40ms
	-5.9dB (25.7%)
	-10.1dB (9.8%)

	
	80ms
	-7.3dB (18.6%)
	-10.6dB (8.7 %)

	95%
	20ms
	-3.8dB (41.2%)
	-8.8dB (13.2%)

	
	40ms
	-4.6dB (34.7%)
	-9.1dB (12.3%)

	
	80ms
	-5.9dB (25.7%)
	-9.6dB (11.0%)


We see that over 3 dB gain is expected even in the worst case, where time diversity gain narrows the selective combining gain in 80 ms TTI case. 
LS from RAN 1[2] also asks RAN2 to investigate signaling requirements for the selective combining mechanism. 
This contribution analyzes the signaling requirements of the selective combining to initiate the discussion on the issue in RAN2. 
2. Discussion

Roughly speaking, selective combining operation could be summarized like below.

· UE establishes one more link with other than serving cell. Call it the second link.

· UE performs ordinary processing over the second link, and if a transport block from the first links is corrupted then UE has the second chance to get the correct transport block from the second link. 

Since having another chance from the second link gives above performance gains, UE is required to identify which transport block from the second link is the same transport block from the first link. 

2 ways of identifying the same transport blocks from different links are presented below. Signaling requirements for each scheme also presented at the end of relative chapter.
2.1  Selective Combining based on CFN difference 
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Figure 1 Selective combining based on CFN difference

In this scheme, UE recognizes the identity of transport blocks based on the CFNs they are received over each link. 

Figure 1 illustrates selective combining scheme based on CFN information. 

UE maintains links from the target cell as well as the serving cell, and somehow knows that transport block received at CFN 11 in the serving cell is same with the one received at CFN 85 in the target cell. 

If CFN difference between the target cell and the serving cell, 74 in the figure, is kept same during a session, then a UE could select correctly received transport blocks among those received from both cells. 

For this, network is required to co-ordinates delays for transport blocks over neighboring cells, to keep the CFN difference same. 

Figure 2 illustrates the processing of a PDCP PDU until it is transmitted over the target cell and the serving cell to identify network requirements for selective combining.
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Figure 2 Delay components from PDCP to PHY

When data arrives at PDCP, header part of the data is compressed and then distributed to the RLC of the target cell and the RLC of the serving cell, where the data is buffered until it is requested by each cell’s scheduling block resided in the MAC entity. The data will be sent over Iub to the serving cell and the target cell, when it is scheduled for the transmission. Let’s assume the data is sent to the serving cell and the target cell at the same time, say RFN 0, then the data will be processed at the physical layer of each cell and then transmitted over each cell and UE will receive those transport blocks containing the data in CFN Y in the serving cell and in CFN Z in the target cell. 
We observe 4 delay components from the above operation.

· Buffering delay in RLC: data will be buffered in RLC buffers before they are requested by and transmitted to MAC.

· MAC processing delay: This is the needed time for MAC entity to make transport block and encapsulate them into data frame of FACH FP. [3] assumes 5 msec of RNC processing delay, and MAC processing delay would be less than that. 

· Iub delay: This is the delay from a moment a transport block is put into the Iub interface to the moment the transport block arrives concerned cell. 

· Node B processing delay: This is the needed time for a transport block to be processed and placed over the air. [3] assumes this delay as 2 msec.  

Above delays then are categorized into controllable part and uncontrollable part. 

Buffering delay, MAC processing delay and Node B processing delay are controllable in a sense that these delays are determined by the resource allocated to each cells and those resources are under CRNC’s control.  

If target cell and serving cell have the same radio resource allocated to the MBMS service, then buffering delays of those cells will be same, because MAC entities of both cells will request RLC PDUs at the same rate.

MAC processing delay and Node B processing delay are relative small ones, and they are not expected to contribute a lot to delay variation. CRNC may even eliminate this small variation by allocating same MAC resources, and defining the same channel coding scheme for cells to be selectively combined. 

On the other hand, Iub delay is uncontrollable because network topology and physical distance between RNC and Node B affect this delay. To make Iub delays between 2 cells identical, RNC needs to know the difference between them and compensate them by applying additional delay to one of them. This is a difficult task to achieve in UTRAN where absolute timing is not available. So controlling Iub delay is not the option for selective combining scheme.
One possible and easier way is for UE to recognize the CFN difference between cells and apply it upon receiving transport blocks over the air interfaces, provided that controllable delays are kept same between cells, which mean that same transport blocks depart CRNC at the same time and experience the same Node B processing delays. 
2.1.1 CFN difference calculation using Node Synchronization procedure
CFN difference between adjacent cells is easily measured with the already well-defined node synchronization procedure. 
When CRNC communicates with its Node B, CRNC needs to know of which BFN a transport block will arrive the Node B, which is sent at a certain RFN. This is the RFN-BFN difference, and Node synchronization may be used to get this information. Figure 3 illustrates the node synchronization procedure between a RNC and Node B-1 and Node B-2. Followings are the example of achieving CFN difference information using a node synchronization procedure.  
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Figure 3: RNC-Node B Node Synchronization.
When a MBMS service is setup and CRNC establishes radio bearers over Cell-1(controlled by Node B-1) and Cell-2(controlled by Node B-2), CRNC performs a node synchronization procedure with Node B-1 and Node B-2. 

Through node synchronization procedure with Node B-1, RNC get the information of T1-1, T2-1, T3-1 and T4-1. For example in the figure, let’s assume that T1-1 is 1471.125 and T2-1 is 29445.625.
 This means that a transport block sent at 1471.125 of RFN arrives Node B-1 at 29445.625. In other words, a transport block sent at RFN 0 arrives Node B-1 at 27974.5 of BFN.
 Regarding Node B-2, let’s assume T1-2 is 1467.75 and T2-2 is 40030.125. So the RFN-BFN difference with Node B-2 is 38542.375, meaning that a transport block sent at RFN 0 arrives Node B-2 at 38562.375 of BFN. Since selective combining is performed per TTI, values less than 10 msec is useless. Thus we can simplify RFN-BFN difference by the unit of 10 msec. RFN-BFN difference of Node B-1 is 2945 and that of Node B-2 is 3857 then.     

Then let’s assume that PDCP copies and distributes a PDCP PDU to Cell-1 and Cell-2 at a certain time, that the PDCP PDU is encapsulated into a RLC PDU and a transport block in each RLC/MAC, and that the transport blocks containing same PDCP PDU depart to Node B-1 and Node B-2 at the same time of RFN (x). The transport block will arrives Node B-1 at BFN(x + 2945) and Node B-2 at BFN(x + 3855) respectively. So the thing for UE to know for SC between Cell-1 and Cell-2 is that the transport block at SFN (y) at Cell-1 is the same one at SFN (y + 910), and this information is SFN difference between cells
. Please note that CFN difference is [SFN difference] mod 256, so there is no difference between using CFN and SFN. 

RNC could multicast RFN-BFN difference of a cell over the MCCH of the cell, and UE could compute CFN difference by subtracting serving cell’s RFN-BFN difference from target cell’s RFN-BFN difference, and applies modulo 256 operation to it. 
2.1.2  Requirements on network side

For CFN based selective combining to work, below requirements shall be fulfilled on the network side.

1. RLC PDU size shall be same over the cells to be selectively combined. This guarantees identical transport blocks over those cells.

2. Controllable part of delay shall be kept same during the session over the cells. This includes RLC buffering delays, MAC processing delays and Node B processing delays. 

3. Those cells not fulfilling above conditions shall be excluded from selective combining. An indicator can be broadcasted for this purpose. 

4. RNC shall measure RFN-BFN difference of cells, and multicast it in each cell.

5. Iub transport bearers shall have the same data rate.
2.1.3 UE operation

With above network requirements fulfilled, UE operation can be summarized as below.
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1. UE checks whether selective combining is possible between the serving cell and target cell.

2. If selective combining is possible, UE establishes the second link. It means that UE establishes physical layer and MAC layer for the target cell. If MAC header is not configured for the MBMS service, then MAC layer will be null function block.

3. UE obtains CFN difference between the target cell and the serving cell and feed this information to the selective combining block.

4. After then, both signals from the target cell and the serving cell are processed up to MAC layer, and delivered to SC block. 

5. Selective Combiner discards duplicate transport blocks and deliver only correctly received blocks to RLC layer, based on the CFN difference information. If transmission difference between 2 links is more than 2 TTIs, then transport blocks shall be reordered before they are delivered to RLC entity.
UE operation looks simple in the selective combining operation, and difficulties mainly lies in the network part, where numbers of requirements shall be fulfilled.
2.1.4 Signaling Requirements

The information UE has to know for selective combining is summarized below.
· Whether selective combining is allowed or not for a service (denoted as selectivity hereafter)
· Selectivity is basically defining the relationship between cells, so there could be multiple instances of selectivity for a service. For example, if service X is provided in the adjacent cells a, b, c, d, e, f and g. Then selectivity of X in cell a should be defined between cell a and b, between cell a and c, and so on.
· Selectivity is just one bit indicator. Considering that other MBMS related information is in the rage of hundreds of bits, overhead introduced by selectivity is not serious. 

· RFN-BFN difference
· RFN-BFN difference has just one instance for a service and a cell. 

· RFN-BFN difference is in the range of [0,..,4095], so additional 12 bit overhead would be introduced in MCCH per service.    

So additional signaling introduced for selective combining would be less than 30 bits per service, and this seems moderate overhead comparing to the gain SC brings.  
2.2  Selective Combining based on RLC Sequence Number
Selective combining using CFN difference provides significant gain in terms of downlink transmission power but poses restrictions at the same time. The restriction mainly comes from the fact that transport blocks are identified by implicit timing information. 

Considering that we already have a good identity for a transport block in RLC sequence number, the burden on the network side is not really necessary. 

If transmission difference between the serving cell and the target cell is not bigger than 64 PDUs, then UE unambiguously identifies RLC PDUs from different cells with sequence number. So network does not need to keep all the controllable delays same over neighboring cells, but only needs to check if the transmission difference is bigger than 64, and informs it to the UEs who selectively combines. 


[image: image5.emf]Selective combining based on RLC SN RNC

Cell 1

Cell 2

MBMS data

MBMS data

11

12

13

14

15

RLC SN

9

10

11

12

13

RLC SN

X

RLC PDU with SN x

Selective combining


Figure 5 Selective combining based on RLC SN
In figure 5, an operation of RNC SN based selective combining scheme is illustrated. In this scheme, network does not need to care about delays over neighboring cells, but ensure that identical RLC PDUs shall be transmitted over cells. The requirement is merely subset of the requirement that identical transport block shall be transmitted over cells. 
2.2.1 Requirements on network side

For selective combining with RLC SN to work, below requirements shall be fulfilled.

1. RLC PDU size shall be same over the cells to be selectively combined. This guarantees identical RLC PDUs over those cells.

2. RLC PDUs shall be unambiguously identified over neighboring cells, using RLC SN or some other means. If transmission difference between the serving cell and the target cell is less than 64 PDUs, then RLC PDUs from both the serving cell and the target cell are identified with 7 bit RLC SN unambiguously. If the difference is bigger than that, some other means shall be provisioned to assist selective combining.

3. The cells where UE can not identify RLC PDUs unambiguously shall be excluded from selective combining

RNC needs to monitor each RLC’s transmission status but all the requirements regarding delay does not exist any more.
2.2.2 UE operation

With above network requirements fulfilled, UE operation can be summarized as below.
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Figure 6 UE structure for RNC SN based selective combining
1. UE checks whether selective combining is possible between the serving cell and target cell. RNC will indicate service X could be combined over cell A and cell B, if transmission difference between these cells is less than 64 PDUs. 

2. If selective combining is possible, UE establishes the second link. It means that UE establishes physical layer and MAC layer for the target cell. If MAC header is not configured for the MBMS service, then MAC layer will be null function block.

3. After then, both signals from the target cell and the serving cell are processed up to MAC layer, and delivered to Selective Combining block. 

4. Selective Combining block shall discard duplicate RLC PDUs and deliver only correctly received RLC PDUs to RLC layer, based on the RLC SN of received RLC PDU. If transmission difference between 2 links is more than 2 RLC PDUs, then RLC PDUs shall be reordered before they are delivered to RLC entity. 

There is no significant difference on UE operations between CFN based and RLC SN based selective combining. Only difference is that Selective Combiner identifies data using RLC SN in this scheme.
2.2.3 Signaling Requirements

The information UE has to know for selective combining is summarized below.

· Whether RLC PDUs could be unambiguously distinguished or not for a service (denoted as distinguishability hereafter)
· distinguishability is basically defining the relationship between cells, so there could be multiple instances of selectivity for a service. For example, if service X is provided in the adjacent cells a, b, c, d, e, f and g. Then distinguishability of X in cell a should be defined between cell a and b, between cell a and c, and so on.

· distinguishability is just one bit indicator. Considering that other MBMS related information is in the rage of hundreds of bits, overhead introduced by selectivity is not serious. 

So additional signaling introduced for selective combining would be less than 20 bits per service, and this seems moderate overhead comparing to the gain SC brings.
3. Proposal
It is proposed to discuss the signaling support for selective combining, and send response LS to RAN1 based on the analysis on signaling requirements and network requirements of this contribution. 
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� T1/T2/T3/T4 are measured in 0.125 msec, and RFN/BFN is a counter increasing one every 10 msec.


� RFN-BFN difference is measured with DL Node Sync control frame. If the control frame is sent over the transport bearer assigned for the FACH FP of the concerned MBMS service, then RFN-BFN difference would be same for the transport blocks over the data frame of FACH FP.


� BFN and SFN is offset by T_cell parameter, which ranges from 0 ~ 0.667 msec. So BFN and SFN are same in the unit of radio frame.





