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Mapping of USF in RTTI configuration
1 Introduction
As stated in the WID for RTTI, the USF should be sent in 20 ms per timeslot in the case of multiplexing with BTTI TBFs, while the RLC/MAC block is sent in 10 ms on a timeslot pair, or the USF should be sent in 10 ms on 2 different timeslots (together with the RLC/MAC block) in the case of no multiplexing with BTTI TBFs. This implies that the USF and the RLC/MAC block could be sent with different TTIs, changing the relative positions of the USF in the bursts. 
Obviously, when the downlink RLC/MAC block is sent in 10 ms, the USF must be coded independently. Positions of the USF in an RTTI configuration are discussed in this paper, and some possible updates of the current coding schemes are outlined. 
2 Description
2.1 Multiplexing with BTTI TBFs
In the case of multiplexing RTTI TBFs with BTTI TBFs, the USF must be sent in 20 ms per timeslot, which ensures the legacy mobile stations can read the USF. The stealing flags shall indicate CS-4, and be sent in 20 ms. 

[image: image1]
Figure 1 Burst mapping for USF sent in 20 ms
As shown in Figure 1, two 10 ms RLC/MAC blocks are sent on the timeslot pair while two 20 ms USFs are sent on the two timeslots in parallel. RLC/MAC blocks are distinguished by different background colors and USFs are distinguished by red and blue. 
On each timeslot, the positions of the USF should be the same as that used for legacy CS-4 coding scheme (MCS1-4 as well), so that a legacy MS can read the USF even though it can’t decode the RLC/MAC block. 
Obviously, the USF positions in the first 10 ms radio blocks are different from the second 10 ms radio block, which means we will have two types of mapping scheme for RTTI radio block. This is unavoidable.
2.2 No multiplexing with BTTI TBFs
In this case, the USF is sent in 10 ms together with a 10 ms RLC/MAC block. 
As shown in Figure 2, it is quite straightforward to use legacy coding and mapping scheme for USF and RLC/MAC block except sending the four bursts on two timeslots in 10 ms rather than on one timeslot in 20 ms.

[image: image2]
Figure 2 Burst mapping for USF sent in 10 ms (without any updating)
However, comparing Figure 2 and Figure 1 we find that the positions of the bits used for USF are different. In the first 10 ms RLC/MAC block, the bit positions are different in the two last bursts while in the second 10 ms RLC/MAC block, the bit positions are different in the two first bursts. 
Consequently, the MS should be informed about the bit positions of the USF when a downlink RTTI TBF is assigned; otherwise, the MS will not know how to decode the RLC/MAC block. 
To summarize the problems we see:1. When a downlink TBF is assigned, the MS should be informed whether the USF is sent in a multiplexing or no multiplexing mode.
2. If during packet transfer mode a PDCH is changed between multiplexing and no multiplexing mode, every MS having a downlink TBF on that PDCH must be informed about the changed USF positions.
3. With different USF mapping schemes in multiplexing mode and no multiplexing mode, we will in total have 3 types of USF mapping schemes.  
Because of the high complexity to indicate to all mobile stations the change of multiplexing mode it is proposed to always keep the USF bit positions in an RTTI radio block the same between multiplexing and no multiplexing mode.

[image: image3]
Figure 3 Burst mapping for USF sent in 10 ms (with updating)
As shown in Figure 3, 6 bit positions differ between Figure 2 and Figure 3. These bits must be swapped in the new mapping scheme of an RTTI radio block [1].
It should also be pointed out that the issue discussed in this paper only exists when GMSK modulation is used. If 8PSK is used, the bit positions reserved for USF in each burst are the same. USF bits can always be inserted into the same positions whether it is sent in 10 ms or 20 ms.
3 Conclusion

In an RTTI radio block, the USF bit positions on each timeslot should be the same as the legacy USF positions in 20 ms CS-4 radio block (This is valid for MCS1-4 as well). When USF is sent in 10 ms, the USF bit positions in the first 10 ms are different from those of the second 10ms. 

The mapping scheme of downlink RTTI RLC/MAC block should be kept the same in either BTTI USF (multiplexing) or RTTI USF (no multiplexing) modes. Sending USF in 10 ms or 20 ms shall not influence the mapping schemes of RTTI RLC/MAC block.
Reference
[1] GP-070169, “Coding Scheme Update of RTTI”, Huawei, GERAN#33
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6 bit positions are different from that shown in Figure 2 in both the first 10 ms and the second 10 ms. 
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