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1. introduction 

In the RAN2 #45 meeting, an efficient method to indicate the inter-cell delay for L1 soft combining was proposed [
].  The method reduced the number of bits required to indicate the inter-cell delay by selecting the nearest possible radio frame to a frame on the current cell, and by noting that a TTI must start at particular radio frames (those that satisfy CFN mod Fi = 0 [
]).  Since there may not be one start time on the neighbor cell that is clearly the nearest, it was also proposed to indicate if the neighbor cell starts prior to or after the current cell.  

We think that this idea of using the TTI starting frame constraint is sensible, and can reduce signaling overhead.  In this contribution, we propose a slightly modified method with improved robustness and low implementation complexity in both the network and UE.

2. discussion

We illustrate some timing conditions where the selection of the neighbor cell frame to combine can be ambiguous, consider various approaches to signaling that can resolve the ambiguity, and discuss the implications on UE capability. 

2.1 signaling requirements to resolve timing amiguity 

The figure below illustrates conditions where the UE must have additional information in order to determine inter-cell delay. We consider the current cell, whose L1 soft combining period starts at radio frame number (CFN) 32, and would like to determine which frames start the L1 combining period on on neighbor cells 1 and 2
.   Since the network must synchronize soft combinable transmissions to one TTI plus 1 slot, the UE need only consider frames that are within a “combining window” that is 2 TTI + 2 slots wide: 1 TTI + 1 slot earlier and 1 TTI + 1 slot later than the start of the L1 combining period in the current cell.  Furthermore, the UE need only consider particular frames in the combining window, since TTIs must start at an integer number of radio frames in a TTI (those that satisfy CFN mod Fi = 0, where Fi is the number of radio frames in a TTI). 



Key:

M (NCSI): M is the CFN of each cell; 

NCSI is a neighbor cell start indication that will be described in section 3.

          : Thick lines indicate potential soft combining start times;

           :  A normal line indicates the frame start;

          :  An arrow indicates a soft combining period start time.

Note: we assume the TTI size is 8 radio frames in this example.

We observe that the start times on neighbor cell 1 are not unique: start times 112 and 120 both fall in the combining window. An indication of whether the neighbor cell is prior to or after the current cell can resolve this ambiguity.  However, for neighbor cell 2 (which is closely time aligned with the current cell), there are three starting times (216, 224, 232) that all fall in the combining and the prior/after indication can not identify the intended starting time.  Therefore some additional means of resolving ambiguous start times on neighbor cells is needed.

One way to resolve ambiguous start times [1] could be to first choose the closest start TTI, and then to use the prior/after information.  If this is done, then the situation shown in the figure above is resolved.  

However, there are other problems when the transmissions from the cells are nearly synchronized.  If we assume the current cell transmits before neighbor cell 1, the network will signal to the UE that neighbor cell 1 is “after” the current cell.  However, due to the jitter in the network from various sources and/or propagation delay, when UE receives the two radio links, the timing as received at a UE could be that neighbor cell 1 is received “prior” to the current cell, even though the network signals “after”. This could lead the UE to combine the wrong frames. 

Indicating prior/after also seems more complicated from a network point of view.  The network would have to take into account the cell and S-CCPCH time offsets (of up to 1 radio frame each).  We would prefer an approach that requires the UE to keep track of the starting radio frame (instead of the starting chip time) on each cell, which is simpler and consistent with signaling approaches already used in 3GPP signaling (which base timing on the SFN of each cell, instead of the a differential time between cells).

The prior/after information can also be ambiguous or self contradicting, as shown below (and observed in [
]: 

We observe that 1) all soft combinable cells must be both a “current cell” a “neighboring cell” and 2) all cells to be soft combined must have a single transmission schedule (since each transport block to be soft combined is transmitted once on each cell).  In the figure above, assume cell 2 is the current cell, and the start of its L1 soft combining period is 224. If we select the nearest start time, 48 should be chosen for cell 1, and 120 should be chosen for cell 3.  But then if cell 1 is the current cell and its start time is 48, the nearest start time criterion would select 112 for cell 3, contradicting the start time the UE would calculate assuming cell 2 is the current cell. This makes it difficult for the network to choose the correct start time for the radio links.  Note that prior/after information is used only when the potential start times are nearly equally distant (say, less than a radio frame apart), so it does not help here.

2.2 UE capability implications

The working assumption agreed in RAN1 [
] is that the delay between transmissions on S-CCPCH that may be soft combined is less than or equal to a TTI plus one slot
.  If the smallest TTI on the S-CCPCH that may be soft combined were used to determine when the L1 combining period starts on a neighbor cell, then there will be more possible start times than for the larger TTI (since there are more radio frames which satisfy CFN mod Fi = 0 for smaller Fi, where Fi is the number of radio frames per TTI).  At least half of these start times are not valid start times for a larger TTI, and so applying the rule based on the smaller TTI will often lead to incorrect start times whenever the larger TTI is used.  

This use of the larger TTI to determine neighbor cell start times is consistent with the working assumption of UE capability.  The limit on inter-cell delay is intended to limit the number of physical channel bits the UE must soft combine and buffer, and so the working assumption on UE capability is a function of both the spreading factor and the TTI.  Since the spreading factor is set semi-statically and the inter-cell delay can be adjusted only by about 1 TTI, the network must already meet the worst case requirement on the UE soft buffer, which is set by the largest TTI size on the S-CCPCH.

We therefore recommend that the largest TTI on all S-CCPCH to be soft combined be used to determine the potential start times on the neighbor cell.  Note that the UE can determine the TTI sizes of all S-CCPCHs that may be combined from the neighbor cell information.  Also, note that this assumption implies that the L1 combining periods must start on a CFN that is an integer multiple of the largest TTI size on the S-CCPCH.

PrOPOSAL

We propose that the network signal the delay between S-CCPCH to be combined by indicating the start of the L1 combining period on the neighbor cell.   Since it must be within ((1 TTI + 1 slot) of the start of the L1 combining period on the current cell, and the L1 combining period must start at an integer multiple of the number of radio frames in the largest TTI on the S-CCPCH, only a little information (2 bits) is required to identify a unique start time.  This neighbor cell start indication (“NCSI”) can be calculated as:
NCSI = (Neighbor_Start / {Max_TTI_Size}) mod 4 

Where:

· Neighbor_Start is the CFN of the neighbor cell where that cell’s L1 combining period starts.  

· "Max_TTI_Size" is the largest TTI size on all neighbor cells’ S-CCPCHs that may be combined.

The UE can use the NCSI to determine the start of the L1 combining period on the neighbor cell by comparing the potential start times (those with delay less than 1 TTI + 1 slot, and which satisfy CFN mod Fi = 0), with the NCSI.   In other words, the starting CFN on the neighbor cell is the ith potential CFN start (“CFN_Start(i)”) that satisfies: 

(CFN_Start(i) / {Max_TTI_Size}) mod 4 = NCSI

In the example of section 2.1, the network will set the NCSI to “2” for neighbor cell 1 and “0” for neighbor cell 2. The UE can then unambiguously determine the starting CFNs of neighbor cell 1 and neighbor cell 2, which are 112 and 224, respectively.

As it is necessary to signal delay in the full L1 combining case as well, it has been suggested that partial soft combining and full soft combining should use the same parameters to signal the delay.  In the full combining case, since any CFN which could start a TTI can be used as a combining period start, the method will set Neighbor_Start to the CFN of the neighbor cell corresponding to CFN=0 on the current cell.

3. conclusion 

We propose a soft combining signalling optimization that has the following characteristics:

· Signaling uses two bits to indicate the start of L1 combining periods on neighbor cells.
· Inter-cell delay is calculated in the network and UE by simple arithmetic operations on CFN.  The UE need not factor in L1 chip delays, such as SCCPCH.
· The maximum size TTI is used to determine neighbor cell start times, satisfying the current UE capability working assumption.
· The UE may unambiguously determine inter-cell delay for all network timing cases.   

· Delay signalling is supported for both the full and partial soft combining cases with a single IE and calculation method.

The proposed approach is expressed in CR format in [
].
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� Much of the following discussion focusses on finding the start times of the L1 combining period.  This is because once the start times of the L1 combining period are known, the delay between S-CCPCHs is known (since the delay between TTIs that are to be combined is semi static). 


� Note that there have been no discussions in RAN1 on how to handle the case when there is more than one TTI on an S-CCPCH.  
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