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1. Introduction

In the previous WG1 meetings there have been several papers discussing possible channel structures for E-DCH. Some of the papers have explained how to do the time multiplexing of E-DCH and DCH. Some of the papers have discussed issues related to code multiplexing. Some of the papers have concentrated on discussing only 2ms TTI, and certain multiplexing structure.

In the offline discussions in the previous WG1 meeting, there was some interest raised to list all the schemes currently on the table, and describe them as clearly as possible in the TR. This would help to make sure that people have understood the possible channel structures in the same way.

This is what this contribution tries to do - explain the channel structures that are currently on the table as generically as possible, nothing else. So we have not listed any pros and cons of the schemes, since it might make sense first to try to get a consensus what are the schemes on the table. After those are agreed, then only after that we could start discussing what are the pros and cons of each scheme. 

2. Text proposal to physical layer structure chapter in time domain

So, as explained in the introduction , this contains a text proposal to the TR 25.986. Proper place in the TR for it could be e.g. 8.3. Multiplexing alternatives. What we had in mind, what should be described in this chapter, is the physical channel structure from time perspective. Whether there are certain subframes within 10 ms, and how they are created in the transport channel multiplexing. I.e. that would be describing, how the structure is done from TS 25.212 point of view. Also if there are some schemes where the structure needs to be modified between consecutive frames, due to some reasons, they are explained in this chapter.

There is a separate contribution [1] containing a text proposal to the TR, discussing the physical channel structures from spreading point of view, ie. how the schemes would be in the end described in TS 25.213, so we thought the physical channel structures from that perspective should not be described here.  The main target is to keep the text as clear as possible, and to allow different issues to be discussed separately from each other.

----------text proposal to section 8.3. Multiplexing alternatives starts here ------------------------------

8.3. Multiplexing alternatives
Currently there are physical channel structures under study both with 10 ms TTI and with 2 ms TTI. Here all the possible structures are explained shortly, and also the main difference compared to other structures.

The main assumptions are :

· The maximum possible data rate allocated to DCH simultaneously with E-DCH can be anything, up to 2Mbit/s, as long as UE capability supports the combination of DCH and E-DCH with the simultaneously allocated bit rates. Thus no restrictions for the simultaneous data rates of E-DCH and DCH have yet been agreed.

These assumptions should be taken into account in the channel structure descriptions in the below subsections.

Issues to be considered when any channel structures are studied and benefits and drawbacks of them are compared further are listed below: 

· What is the maximum data rate that UE is able to utilise for E-DCH simultaneously with DCH. And what is the maximum data rate that UE is able to utilise for DCH simultaneously with E-DCH. This type of analysis should be made for different UE capability categories.

· What is the PAR for a certain UE capability with different structures. When PAR is analysed and compared for different structures, it should be compared so that the total data rate for E-DCH and DCH that UE supports is the same with both structures.

· Is it possible to utilise 8PSK in these structures, i.e. what does time multiplexing and code multiplexing of EDCH and DCH mean in relation to 8PSK. 

· What is the desired structure when thinking about how the network side can allocate TFCS in an accurate way to the UE so that UE is able to utilise maximum allocation most of the time during the allocation period.
8.3.1 Physical layer structures in time domain (TS25.212 )

8.3.1.1 General structures describing only how to multiplex DCH and E-DCH

8.3.1.1.1 Physical Layer Structure Supporting minimum TTI of 10ms
8.3.1.1.1.1 Code multiplexing between DCH and E-DCH
This could be considered, if there is a desire to have totally separate processing , i.e. rate matching etc., for E-DCH and DCH. There are two possibilities for defining code multiplexing between E-DCH and DCH, explained below. 

a) Code multiplexing between DCH and E-DCH, with separate UE capabilities for DCH and E-DCH data rate, with the assumption that UE is able to support the combination of these data rates simultaneously. Here it is assumed that UE capability is defined so that DCH with certain data rate is assumed to be possible to send code multiplexed simultaneously with E-DCH, when E-DCH is transmitted at maximum data rate that UE supports for E-DCH. Figure 1 depicts this case with an example. 

This scheme assumes that there are two CCTrCHs, one carrying DCHs , the other carrying EDCHs.
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Figure 1. An example showing code multiplexing with separate UE capabilities for DCH and E-DCH , with minimum TTI=10 ms for E-DCH. Here the transmission of DCH does not decrease the data rate of E-DCH.
b) Code multiplexing between DCH and E-DCH assuming there are following UE capability parameters defined:

· UE capability for the total data rate of DCH and E-DCH  

· UE capability for the total number of codes that UE supports being common for DCH and E-DCH. 

This scheme assumes that there are two CCTrCHs, one carrying DCHs, the other carrying EDCHs.

This means that  there are certain limitations how DCH and E-DCH can occur simultaneously. If e.g. DCH would have higher priority than E-DCH, it would mean that DCH can occur any time, but data rate for E-DCH needs to be clearly reduced in the frames when DCH is transmitted. 
Figure 2 depicts this case with an example, where it is assumed that DCH is assumed to fit to one DPDCH code channel, while in a generic case the maximum data rate of DCH could be anything depending on UE capability and TFCS. Another assumption as an example in this figure is that DCH would have higher priority than EDCH. In this example the transmission of DCH means that data rate is decreased for E-DCH in the same TTI.
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Figure 2. An example showing code multiplexing with UE capabilities defined in a combined fashion for E-DCH and DCH, with minimum TTI=10 ms for E-DCH. 
8.3.1.1.1.2 Time multiplexing between DCH and E-DCH
This could be considered if it is seen acceptable to have processing of E-DCH and DCH done together, in rate matching etc. This means that there is no need to change the Rel5 physical layer structure and no need to change the Rel5 TFC selection algorithm. Thus one CCTrCH carries both DCH and E-DCH. Figure 3 depicts this with an example.

It is to be noted that in this structure, similar to rel99/rel4/rel5, if data for both DCH and E-DCH exist in the frame it depends on the number of bits and which TrCH number is selected for DCH on which and how many DPDCHs there are DCH bits and on which and how many DPDCHs there are E-DCH bits. This is if the current uplink TrCH multiplexing structure is assumed. 

As an example, if DCH is carried on the first TrCH, TrCH1, and if the maximum number of channel bits for DCH in the TFCS is such that it always fits to one DPDCH with SF=4, then in the figure 3, only DPDCH1 carries both E-DCH and DCH bits, and DPDCH2 – DPDCHi carry only E-DCH bits. 

As another example, if DCH is carried still on the first TrCH, TrCH1, and if the maximum number of channel bits for DCH in the TFCS is such that it always fits to two DPDCHs, then in the figure 3,  it will vary from TTI to TTI, depending on what is the transport format of DCH used in that TTI, which DPDCHs will carry DCH bits and which DPDCHs will carry EDCH bits. In this example, in the TTIs in which DCH has the transport format referring to maximum data rate of DCH, both DPDCH1 and DPDCH2 will carry DCH bits. If the transport format of DCH does not totally fill DPDCH2, then DPDCH2 also carries some of E-DCH bits, and the rest of the E-DCH bits are carried on DPDCH3-DPDCHx. In TTIs where DCH has zero data rate, all DPDCHs may carry E-DCH bits.
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Figure 3. Time multiplexing with minimum TTI=10 ms for E-DCH.
8.3.1.1.2 Physical Layer Structure Supporting minimum TTI of 2ms 

8.3.1.1.2.1 Code multiplexing between DCH and E-DCH

This could be considered, if there is a desire to have totally separate processing , i.e. rate matching etc. , for E-DCH and DCH and allow 2 ms TTI for E-DCH. There are two possibilities for defining code multiplexing between E-DCH and DCH, explained below. 

a) Code multiplexing between DCH and E-DCH, with separate UE capabilities for DCH and E-DCH data rate, with the assumption that UE is able to support the combination of these data rates simultaneously. Here it is assumed that UE capability is defined so that DCH with certain data rate is assumed to be possible to send code multiplexed simultaneously with E-DCH, when E-DCH is transmitted at maximum data rate that UE supports for E-DCH. Figure 4 depicts this case with an example.

This scheme assumes that there are two CCTrCHs, one carrying DCHs, the other carrying EDCHs.
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Figure 4. Code multiplexing with separate UE capabilities for DCH and E-DCH , with minimum TTI=2 ms for E-DCH. Here the transmission of DCH does not decrease the data rate of E-DCH.
b)Code multiplexing between DCH and E-DCH assuming there are following UE capability parameters defined:

· UE capability for the total data rate of DCH and E-DCH  

· UE capability for the total number of codes that UE supports being common for DCH and E-DCH. 

This scheme assumes that there are two CCTrCHs, one carrying DCHs, the other carrying EDCHs.

This means that  there are certain limitations how DCH and E-DCH can occur simultaneously. Assuming as an example that DCH would have higher priority than E-DCH, it would mean that DCH could occur any time, but data rate for E-DCH needs to be clearly reduced in the frames when DCH is transmitted. 
Figure 5 depicts this case with an example, where it is assumed that DCH is assumed to fit to one DPDCH code channel, while in a generic case the maximum data rate of DCH could be anything depending on UE capability and TFCS. Another assumption as an example in this figure is that DCH would have higher priority than EDCH. In this example the transmission of DCH means that data rate is decreased for E-DCH in the same TTI.
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Figure 5. An example showing code multiplexing with UE capability defined in a combined fashion for E-DCH and DCH, with minimum TTI=2ms for E-DCH.
8.3.1.1.2.2 Time multiplexing between DCH and E-DCH
Figure 1 is valid also here, in the context when it is analysed what code channels can be used in different frames for carrying DCH and E-DCH. So it is copy pasted here and renamed as figure 6. Also the same assumptions as were explained for figure 1 are valid here.Figure 6 depicts this with an example.
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Figure 6. Time multiplexing between 2 ms TTI E-DCH with 10ms TTI E-DCH.

The difference here compared to time multiplexing with minimum TTI of 10ms is that here there can be different possibilities in terms whether there is only one CCTrCH carrying both DCH and E-DCH, or whether there is a separate CCTrCH carrying DCH and a separate CCTrCH carrying E-DCH. Also there are different possibilities how to do the time multiplexing. The proposals currently available for describing the actual multiplexing of DCH and E-DCH and issues related to number of CCTrCHs are explained below:
. 

a) Utilising place holder bits in the transport channel multiplexing. This is described with the figure 7 below. The idea in this is that if the EDCH(s) are the first transport channel(s) in the TFCS, the bits in the frame after 2nd interleaving will be in known positions. Thus it is proposed here that so called E-DCH ‘place holder bits ‘ will be run through TrCH multiplexing, to reserve place in these known positions. After the 2nd interleaving the bits from EDCH(s) replace the ‘place holder bits’. This method assumes a fixed TFC during 10 ms radio frame. It is for ffs, whether fixed TFC during 10ms radio frame will be feasible.
This scheme assumes that one CCTrCH carries both DCH and E-DCH.
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Figure 7. Time multiplexing of E-DCH (2ms TTI) and DCH (10ms TTI) with place holder bits.

b) Utilising SF reduction. This is described in the figure 8 below. The idea here is to utilise SF reduction to create gaps in the 2ms TTI(s) in which EDCH is desired to be transmitted . This could be defined either with two separate CCTrCHs or with one CCTrCH carrying both DCH and EDCH.
This method could be defined either with fixed TFC during radio frame, or fixed TFC during 2 ms. It is ffs whether TFC should be fixed during radio frame or during 2 ms .


[image: image8.wmf] 

EDCHs

 

DCHs

 

10 ms frame

 

Mapped to single 

set of DPDCH(s)

 

2 ms sub

-

frame

 

DCHs transmitted 

using reduced SF

 

”Gap” used for 

E

-

DCHs trans.

 

Power increased 

to compensa

te 

for SF reduction

 

2 ms sub

-

frame

 

Only DCHs 

transmitted

 

Both E

-

DCHs

 and 

DCHs

 

transmitted

 

Non

-

compressed 

transmisssion of 

DCHs

 

slot

 


Figure 8. Time multiplexing of E-DCH (2ms TTI) and DCH (10ms TTI) with SF reduction. Whether TFC is fixed per 10 ms or per 2 ms is ffs.

8.3.1.2 More detailed structures defining how to multiplex L1 signaling (HSDPCCH, DPCCH, EDPCCH) with DCH and E-DCH 

There are following possibilities:

· Time multiplexing at least some of the L1 signaling code channels with DCH and/or E-DCH

· Code multiplexing between L1 signaling channels and E-DCH/DCH

More detailed structures under study will be added here later on. These should be defined here so that the both possibilities, code multiplexing  or time multiplexing between E-DCH and DCH are considered. 

8.3.2. Physical layer structures in code domain (TS 25.213) 

-----------------------text proposal ends here ----------------------------------------------------------

3. Conclusion

We have provided here a text proposal to the TR, listing the main channel structures in time domain that have been discussed until now. We think it might help further discussions, if we would first agree clearly what are the schemes under discussion. 

The other note here , to avoid any possible misunderstandings, is that the channel structures for 2ms TTI should naturally only be adopted for Enhanced Uplink DCH, if the 2ms TTI will show clear benefits and consensus will be reached on that. 
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