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Insertion of DTX indication bits in downlink

1. Introduction

In the downlink, DTX is used to fill up the frame. The insertion point of DTX indication bits depends on whether fixed or flexible service positions are used for the transport channels. 

With fixed positions scheme, it has been decided already earlier, that the insertion point of DTX indication bits is just before 1st interleaving.  However, the details of the method are still missing from TS 25.212. The second issue is the DTX insertion with flexible position scheme. This paper discusses what is the most sensible place in the transport channel multiplexing block diagram to insert the DTX indication bits in flexible position scheme. There are two possible places, either before or after the 2nd interleaving.

At the end of the paper there is a detailed text proposal for  DTX insertion method in both fixed and flexible position schemes for TS 25.212. 

2. DTX insertion with fixed position scheme

With fixed positions scheme, it has been decided already earlier, that the insertion point of DTX indication bits is before 1st interleaving.  However, the details are still missing from TS 25.212. We think that the most straightforward way to specify it is that in each transmission time interval the DTX bits are placed after the encoded and the rate matched bits.

3. DTX insertion in flexible position scheme

There are two possible places to insert the DTX indication bits in flexible position scheme, either before or after the 2nd interleaving. Let's look at the pros and cons of both of those possibilities.

Alternative1) DTX indication bits are inserted before 2nd interleaving

Benefits:

1) 2nd interleaver size is fixed even if the connection is variable rate. This allows optimisation in the processing + memory access. Interleaver can be e.g. stored in the memory for the duration of the connection and does not have to be regenerated in each frame. 

2) No extra processing is needed in normal mode for determination of the DTX placement in the frame. For UE this means that battery life can be saved, because normal mode exists most of the time and thus minimising processing needs in normal mode is the dominant feature that optimises the battery life in UE. For base station this means, that  total number of DSPs for serving one UE can be minimised. Extra DSPs reserved for compressed mode processing can be shared between several UEs, since different UEs are assumed to be in compressed mode at different times. 

Drawbacks:

1) A third value is needed for DTX indication purpose in addition to +/-1 values to be input to the interleaver. This means that the memory required for the 2nd interleaver is doubled. However, it should be understood that UE has to support both fixed position and flexible position scheme. And in fixed position scheme the 2nd interleaver can always contain DTX indication bits. So the memory requirements for UE will anyway be such that the existence of DTX indication bits has to be taken into account in 2nd interleaver. Our opinion is that if memory requirement is okay for terminal, it should be okay also for base station.

Alternative2) DTX indication bits are inserted after 2nd interleaving

"Benefits" (= comments and counterarguments to the issues that are said to be the benefits of this insertion point):

1) There has been some comments from some WG1 delegates, that by having the same insertion point for DTX in normal mode and compressed mode, we could simplify the multiplexing scheme. Since then we could  use the same algorithm for inserting the DTX block in certain place/s of the frame in normal and compressed mode. However, it should be understood that in normal mode the DTX has to be placed so, that there is little bit of DTX at the end of each slot, in order to maintain the best possible interleaving gain. In compressed mode N slots in the frame will be put to DTX, and the data will be fitted to the rest 15-N frames. So it is actually not the same algorithm at all, which would be used in normal and compressed mode, even if the insertion point would be the same. Dividing the DTX evenly to 15 slots in normal mode will require much more processing, than making one DTX period of length N slots in compressed mode. Thus the processing needs of the algorithm is minimised if DTX insertion after 2nd interleaving is only done in compressed mode. 

2) If base station supports only flexible position scheme, the double size memory is not needed for 2nd interleaver, since there are then no DTX indication bits input to 2nd interleaver. Double size memory is, however, needed for UE, since UE has to support also fixed position scheme. On the contrary, more processing is needed, since parameters need to be updated 

Drawbacks:

1) The size of the 2nd interleaver is not fixed during variable rate connection. This means that the idea of storing the  interleaver matrix into memory for the duration of the whole connection, and optimising the memory access, is not possible.

4. Proposals

For fixed position scheme, the proposal is that DTX bits are placed after the encoded and the rate matched bits. See the detailed text proposal below.

For flexible position scheme, the proposal is that in normal mode DTX indication bits are inserted before the 2nd interleaver. In this way the size of 2nd interleaver can be fixed, and thus it is possible to optimise its usage and memory access. Also with this insertion point there is no extra processing needed in normal mode to spread DTX evenly in the frame. By minimising the processing, the number of DSPs can be minimised in base station, and battery life is increased for UEs. 

See the detailed text proposal below for inserting DTX indication bits both with fixed and flexible position scheme.

5. Text proposal to TS 25.212

4.2 Transport-channel coding/multiplexing
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Figure 0‑1. Transport channel multiplexing structure for downlink.
4.2.7 Insertion of discontinuous transmission (DTX) indication bits

In the downlink, DTX is used to fill up the frame. The insertion point of DTX indication bits depends on whether fixed or flexible positions of the transport channels are used in the radio frame.  It is up to the UTRAN to decide whether fixed or flexible positions are  used during the connection for each transport channel. . DTX indication  bits only indicate when the transmission should be turned off, they are not transmitted. 
4.2.7.1  Insertion of DTX indication bits with fixed positions
This step of inserting DTX indication bits is used only for those transport channels which use fixed position scheme. With fixed position scheme a fixed number of bits is reserved for transport channel in the radio frame. 
Denote the bits from rate matching block by r1, r2, r3, …, rN, where N is the number of these bits per L*10 ms, which is the transmission time interval. r1 is the first input bit to this block and rN is the last input bit into this block. Denote the number of bits reserved from one radio frame for this transport channel (or fix rate TrCHs with the same transport format attributes) by M. After inserting the DTX indication bits, there are three valued symbols sk. They can be described as follows:

sk = rk
k=1,2,3,…,N

sk = x
k=N+1, N+2, N+3, …, LM

where DTX indication bits are denoted by x. Here rk ({0,1}and x ({0,1}. s1 is the first output symbol from this block and sLM is the last output symbol from this block.
4.2.7.2 Insertion of DTX indication bits with flexible positions

This step of inserting DTX indication bits is used only if transport channels use flexible position scheme. In flexible position scheme transport channels have been concatenated one after another in the 2nd multiplexing step. The DTX indication bits shall be placed at the end of the frame, after all the encoded data bits. 
Denote the bits from physical channel segmentation into one physical channel by p1, p2, p3, …, pN, where N is the number of these bits per one radio frame. p1 is the first input bit to this block and pN is the last input bit to this block. Denote the number of bits that can be fitted to DPDCH field of one radio frame by M. After insertion of the DTX indication bits, there are three valued symbols sk. They can be described as follows:

sk = pk
k=1,2,3,…,N

sk = x
k=N+1, N+2, N+3, …, M

where DTX indication bits are denoted by x. Here pk ({0,1}and x ({0,1}. s1 is the first output symbol from this block and sM is the last output symbol from this block.
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