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1. summary and recommendations

We examine the buffering requirements for soft combining alone and a hybrid buffering method that supports both selection and soft combining.  We determine the number of information bits that can be supported based on the hybrid method.  The hybrid method has the following characteristics:

· The memory required, and therefore the number of information bits that can be supported, is the same for both modes when the maximum delay between any two soft or selection combined radio links is less than 1 TTI.  This is reasonable when a mix of soft or selection combining is possible, since a common RLC entity is shared by the cell group, and it is also beneficial because allows independent decoding of each radio link.

· The memory required is reduced when the maximum delay between any two soft combined radio links is greater than 2 TTI.  The buffering method assumes transport blocks delayed more than 1 TTI can be soft combined with previous transmissions, eliminating the need to store the soft information for these transport blocks.

Since the network must be able to determine the number of information bits the UE can receive for the purposes of UE capability, we recommend that the equation for soft buffer size developed herein be used as the basis for determining UE capability if soft buffering and selection combining are supported in the standard.

2. Soft combining Buffering size
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Figure 1: Timing for LLR Accumulation

Figure 1 above shows an approach that accumulates the soft symbols for a transport block as they arrive from the radio links. We assume the symbols are buffered radio frame by radio frame (as will be discussed below), and so the accumulation is done at the radio frame rate.  We assume that the TTI buffer is allocated a whole TTI at a time, and so a delay of a fraction of a TTI requires buffering of a whole TTI.  The earliest radio link’s symbols are stored in a buffer and as the latest link’s symbols arrive, they are accumulated in the same memory as that of the earliest link’s.  The final accumulated transport block is available after the latest link’s last radio frame is completely received.  Therefore, the memory required in the TTI buffers for soft combining when at least two radio links are assumed is:
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Where:

· LSB  is the number of LLRs of physical channel bits to store in the TTI soft buffer.

· “Max Relative Delay” refers to the maximum delay between the start of the earliest arriving radio link (macro diversity branch) and the start of the latest arriving radio link, in TTIs.

· TTI Bits is the number of physical channel bits in one TTI.

3. buffering approach for both soft and selection combining

Figure 2 below (based on Figure 1 of [
]) illustrates a buffering approach that supports both soft and selection combining.  Two soft or selection combined radio links are shown.  Solid lines indicate operation needed for selection combining, dashed lines show added operation for soft combining when delays are less than 1 TTI, while the dotted lines indicate what is needed when delays are less than 2 TTI. 

Figure 1: Receiver Buffering Method for Both Soft and Selection Combining

In all cases, the log likelihood ratios of the physical channel data on each radio link are stored in a (10 ms) radio frame buffer.  When complete radio frames are received, the LLRs of the transport channel of interest are extracted.  The LLRs for the transport channel are then either stored (in the case of selection combining) or accumulated and stored (in the case of soft combining) in a TTI soft buffer.  Once the TTI soft buffer is full (and in the case of soft combining, enough radio links have been accumulated), it is passed on to the remainder of the decoding chain (not shown).

We first consider selection combining.  In this case, only two transport blocks need to be buffered, and the LLRs of the channel bits received on radio links 1 and 2 are stored in the corresponding buffers.  We note that each selection combined radio link requires its own TTI soft buffer.

Next, when soft combining is used and the delays are less than 1 TTI, the information bits on the radio links are the same (although at a different delay), and the data from the frame buffers may be accumulated with either TTI soft buffer (as shown with the dashed lines).  Here again two full TTIs are used to store the LLRs, which may be more than what is needed.  Much of the two transmissions on the radio links overlap, and their sum will be stored instead of independently storing the LLRs as in the selection combining case.   

When soft combining is used and the delays are less than 2 TTIs, an extra transport block must be buffered (in the box with the dotted lines) since the UE must store the transport blocks until the late radio link transmission arrives.  In this case, 3 full TTIs are buffered, and the LLRs from either radio link may be accumulated with any of the 3 transport blocks.

4. determining ue capability

Given the architecture above, the number of soft symbols the UE must buffer in order to support both soft combining and selection combining is:
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Eq. 1

Where:

· LSB  is the number of LLRs of physical channel bits to store in the TTI soft buffer.

· “Max Relative Delay” refers to the maximum delay between the start of the earliest arriving radio link (macro diversity branch) and the start of the latest arriving radio link, in TTIs.

· TTI Bits is the number of physical channel bits in one TTI for a given transport block size.

Therefore the network can determine the number of data bits the UE can receive per TTI as:
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Where:

· NTTISC is the number of data bits the UE can receive before overflowing the UE’s soft buffer

· LSBdata is the number of data bits that can be represented in the UE soft buffer

5. conclusion

As discussed above, the memory usage in this dual soft and selection combined approach is conservative for soft combining when inter radio link delays are small, which means memory may be inefficiently used.  However, there are some advantages as well:

· Selection combining and soft combining both require the same amount of soft buffer when the delay is small.  Since a UE may see a mixture of soft and selection combinable radio links, the network will have to limit its transmissions to match that of the method with the greatest requirement.  

· UEs may occasionally wish to decode a radio link without combining.  On reason it may wish to do so is in order to resynchronize the links [
].  A simple way to resynchronize is to selectively combine the desynchronized legs until the RLC sequence numbers can be determined. (Note that there are other approaches to resynchronization that do not require selective combining as well.)  This buffering scheme allows soft or selection combining to be used interchangeably.

We feel that, given the network constraints and the UE implementation flexibility, the benefits of having the same memory required for selection combining and soft combining outweigh any lost memory efficiency.
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