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1. Introduction

Many contributions (e.g. [1]..[6]) on the contents and structure of the MACe/es PDU have already been submitted/discussed. After the second Stage-2 telephone conference, this resulted in 2 main open issues:

1) Will the C/T field be kept as part of every MACd PDU, or should it be taken out and included once for a number of MACd PDU’s ?

2) Up to what extend do we want to group the MACd-flow-Id, Re-ordering queue ID, Logical channel ID and MACd PDU size information into one (or more) identities ?

In this contribution we try to answer the above questions. Rather than only focussing on some detailed aspects of the MACe/es PDU structure, we also try to come to a complete proposal for the MACe/MACes PDU structure by trying to take the best from all proposals submitted so far. 

One important additional aspect that should be taken into account is how to signal the TB size on the E-DPCCH. Since it is expected that only a limited number of sizes can be indicated (e.g. 6 bits E-TFI: 64 sizes, or 7 bits E-TFI, 128 sizes), many (small) MACe-PDU size optimisation might not lead to any transmission rate reduction but just to an increase in padding. Therefore size optimisations are only helpful when we expect they can be used by the E-DPCCH E-TFI signalling. As a result, the MACe- and MACes-PDU structure definition should be considered in conjunction with the E-TFI definition.
2. Service Scenarios to consider
Choices made will heavily depend on the service scenarios which we consider most important for EDCH. In this respect, the following service scenarios are considered most relevant:


1) High rate background/streaming/interactive service on EDCH, DCCH on DCH:
· Many MACd PDU’s in one MACe-PDU
; EUDCH will support something like up to 34 320bit-RLC-PDU’s in a 2ms TTI, and around 115 320bit-RLC-PDU’s in a 10ms TTI [1];
· Typically only PDU’s from one logical channel in 1 MACe-PDU;


2) Low rate conversational service on EDCH, DCCH on DCH:
· Only 1 MACd PDU in one MACe-PDU (1 logical channel);
· Typical MACd PDU size assumed to be around 200bits (10kbps/20ms samples);


3) High rate background/streaming/interactive service and DCCH on EDCH:
· Compared to 1), logical channel multiplexing on one MACd flow, not on the other MACd flow;


4) Low rate conversational service on EDCH, DCCH on EDCH

· Compared to 1), logical channel multiplexing on one MACd flow, not on the other MACd flow;
Focussing on the above scenarios, this means we assume we will e.g. not have to optimise the MACe/es PDU structure for cases with more than 2 MACd flows in the MACe PDU (typically only 1).
3. Leave C/T field in the MACd PDU ?

Rationale

Whether or not to leave the C/T field in the MACd PDU, or put it in the MACe header has no significant impact for scenarios 2) & 4), since in both cases typically only 1 (of a few) MACd PDU’s are present. So we focus on cases 1) & 3).

In case 1), up to 34/115 MACd PDU’s can be present in one MACe PDU. Only including the C/T field once, will result in a maximum size reduction of 132/456 bits (assuming 320bit PDUs) or 66/228bits for 640bit-PDU’s. Although relatively large savings from an absolute point of view, it is true that percentage wise this are not big numbers: (1.25% / 0.625% for 320/640 respectively). From this one could argue that there is no big need to move the C/T field out of the MACd PDU.
An additional drawback exists if we keep the C/T field in the MACd PDU: Given that we will have a 6- or 7-bit E-TFI, we might be lucky if we can realise a granularity of 1 MACd PDU in the length field. Then if we look at scenario 3 where one MACd flow does include a C/T field, and the other does not, the UTRAN will have to choose to which MACd flow it wants to optimise the E-TF field. Assuming it optimises for the high rate MACd flow, the case of a MACe PDU containing several MACd PDU’s for DCCH (either combined or not combined with other MACd PDU’s) will probably result in very unfortunate padding ratios. This is in general true for the case in which some MACd flows do have logical channel multiplexing, and some others do not.
Proposal
Considering that:

· not taking out the C/T field adds a C/T field overhead of around 1% to MACe PDUs containing MACd flows which use logical channel multiplexing;

· not taking out the C/T field adds a padding overhead of at least 1% to MACe PDUs containing a MACd flow not configured with logical channel multiplexing when other MACd flows for this UE are configured with logical channel multiplexing;
· taking out the C/T field should be a relatively simple operation, only impacting UE and SRNC;

=> Proposal 1) 
It is proposed to take the C/T field out of the MACd PDU.
4. What identities to combine ?
Rationale

In the MACe PDU, 4 separate identification parts have to be included:

· MACd flow ID

· Re-ordering queue ID

· Logical channel ID

· MACd PDU size identification

From the Stage-2 conference calls it is clear that one re-ordering queue is only used for one MACd flow. Therefore when we indicate the re-ordering queue, we have implicitly also indicated the MACd flow. This reduces the identification to only consist of 3 parts:

a. Re-ordering queue ID
· Based on latest agreements, it is clear that field needs to have a size of 3-bits.

b. Logical channel ID
· Assuming that logical channel multiplexing is supported to the same extend as on Rel99/4/5 channels, 4 bits are needed.

c. MACd PDU size identification
· For HS-DSCH, the “SID” field (which is unique per re-ordering queue) has a size of 3-bits. Assuming that we do not need more flexibility than in the HS-DSCH case, 3 bits should be sufficient.
As a result, if we include the 3 fields separately, a total of 10bits will be needed.
Several contributions have advocated combining these identification parts: [2] suggested a 4-bit identity for combining all three fields together. We expect that 4 bits is not sufficient. E.g. assume VoiP where the application of ROHC and different AMRrates could easily result in 6 or more PDU sizes (see [3]). This combined with the 4 values required for DCCH, only leaves a few values for interactive/streaming/background services . 
As a result, we expect that at least 5 bits are needed for the Mux-id, meaning that a 5 bit reduction would be possible for each logical channel  included in the MACe PDU
. 

When looking at the maximum lengths of  the MACe PDU (11500/38000 [1]), saving 5 or 10 bits does not seem essential. Nevertheless, again here the E-TF limitation “kicks-in”: it is assumed that in order to limit the padding, a fixed MACe/es header size (or more correcly “overhead” will have to be considered when defining the E-TF), it is more important to get the number of included MACd PDU’s correct, then to optimise towards the MACe/es header size. I.e. the same MACe/es header size will be taken into account regardless if e.g. 1 or 2 logical channels are present in the MACe PDU. Thus in cases where sometimes MACd PDU’s for 2 logical channels are included in the MACe PDU, probably we end up always taking into account a header size required for including 2 logical channels. Then it is important to limit the overhead per logical channel as much as possible.
Proposal
=> Proposal 2) 
It is proposed to multiplex the re-ordering queue id, the C/T field and the RLC-PDU size identification together in one common 5-bit field. In this contribution we will call this field “Mux-Id”.
5. Other MACe/es header fields
In addition to the fields mentioned so far, several other fields have to be considered: this includes the TSN and the “N”-field, indicating the number of MACd PDU’s present.

5.1. TSN

Rationale
As was agreed based on [5], MAC-es in the SRNC will perform the re-ordering based on a UE originating TSN, and a Node-B originating “timestamp”. The size of the proposed TSN has so far varied quite widely and from 7 bits [2], “6- or 7-bits” [5] down to 4 bits [6]. Based on our latest insights, the TSN would primarily be needed to detect a number of consequtive misses in a Node-B which is otherwise contributing significantly to the MACe reception. For this purpose, we propose to have as a working assumption to have 4 bits for the TSN.
Proposal

=> Proposal 3) 
It is proposed to have as a working assumption, a 4-bit TSN size.

5.2. Number of MACd PDU’s “N”
Rationale
The number of MACd PDU’s present for a certain logical channel needs to be signalled. Proposals vary from a fixed number of 7-bits ([1]), to more advanced solutions ([6]) in which the number of bits would depend on the RLC-PDU and MACe PDU sizes. Since in many cases, the MACe PDU size will only leave the option of including one RLC-PDU, it does indeed seem a waste to include 7-bits always. E.g. for a 200 bits payload, including 7 unnecessary bits means increase the total transmission size with more than 3%.Therefore we support a flexible “N-field size”.

Two “obvious” schemes to reduce the number of bits depending on the situation were identified:
1) Configure the N-field-size per Mux-Id.

2) Derive the N-field-size with a simple formula based on MACe PDU and MACd PDU sizes.

Scheme 1:
- Relatively simple: for each Mux-Id, or group of mux-id’s, the size of the N-field size is configured. 

Scheme 2:
- As a first rule, the number of bits for the N-field could e.g. be set to the smallest Nnr for which
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Given the size indications provided earlier, and considering that when only 1 RLC-PDU can be included in the MAC-e PDU, the N-field will have a size of 0-bits,  the Nnr could have a size anywhere from 0 to 8 bits.
We assume that as a first step, scheme 1 could be agreed. This is the only scheme that results in the inclusion of e.g. a 0-bit N-field for a fixed rate VoiP service which is multiplexed with MACd-PDU’s of other services. It remains to be seen whether as an optimisation, also scheme 2 should be considered. 

Proposals
=> Proposal 4) 
It is proposed to use a variable size for the “N” field

=> Proposal 5)
It is proposed to use scheme 1 as the way to configure the size of the N-field.
6. Transmission of Control information

Rationale
It seems clear from different discussions that a MACe PDU can also be used to include control information (e.g. rate request signalling) which is to be taken into account by the Node-B. We assume that multiplexing of this control information together with MACd PDUs is required, since otherwise RoT wastage in case of sending control information will be the result.

In this contribution we do not address the question of how the control information contents should look, however we do try to address the question of how to include the control information in the MACe PDU. We considered two approaches:

a) 
Inclusion of a separte “Control Information Present” bit in the MACe header;

b)

Usage of reserved “Mux-Id” field value(s);

In approach a), the control information (when the bit is set) will be included as part of the MACe header, in approach b), the control information is part of the MACe payload.

We see two benefits for approach b):
1) Lower overhead
The “Control Information Present” bit will have to be present in every MACe PDU (in most MACe PDU’s just to indicate that no control information is present. Comparing this 1-bit overhead in every MACe PDU, to a 6-bit
 overhead which is only present when needed, and assuming that control information is less frequently transmitted then once every 6 TTI’s, solution b) results in the lower overhead.

2) PDU Structure consistency
Approach a) will result in a separate bit in the MACe header, and a separate MACe header layout when control information is included. 
This approach will make the structure of the MACe PDU more complex, leading to more “unexpected” size deviations.

In order to facilitate Node-B operation, the usage of the reserved Mux-Id could be limited to only the first Mux-Id(s) included in the MACe PDU.

Proposals

=> Proposal 6) 
It is proposed to reserve a Mux-Id for Node-B terminated control information (e.g. 0x1F);
=> Proposal 7) 
It is proposed to define the control information as much as possible in a way such that it will result in a size similar to the otherwise used MACd PDU’s. The detailed MACe control information contents is left FFS.

7. MACe/MACes structure
Rationale
Some contributions ([4]) have tried to bring a “hierarchy” into the MACe PDU, where the Node-B could skip the details of the different logical channels and re-ordering information. In principle we support such a structured approach, but it should not limit the optimisations discussed earlier.

When discussing ref[4], questions were raised whether such an approach would be useable in the RLC-UM case where potentially the RLC-PDU size could vary from PDU to PDU. Ref [3] showed that even in case of VoiP, probably only a limited number of RLC-PDU sizes needs to be configured. Furthermore, we assume that in these cases, typically only 1 RLC-PDU for that logical channel would be present in one MACe PDU.

Thus we agree with the proposal from [6] that we can tolerate the full “re-ordering queue overhead” (resulting in the unneccesary inclusion of one “Mux-id” and one “TSN”; 6-bits) whenever a new Mux-id needs to be used.
We assume it should be acceptable for the Node-B to store a maximum of 32 size entries per UE (typically less),  and thus do not see a need for a “double level length indication”: the Node-B can work directly with the lengths indicated by the Mux-Id table.
Proposal
=> Proposal 8)
Conform [6], it is proposed to tolerate the full “re-ordering queue overhead” whenever a new Mux-id needs to be used, resulting in a 1-bit “F” field.
8. MACe / MACes proposal
[image: image1]As a result of the above proposals, the MACes/MACe structure as shown in figure 1 is coming forward. Figure 1 shows an example of the MAC-e PDU containing both control information and some MACd PDU’s.
Figure 1: Proposed MACe PDU structure
Proposals
=> Proposal 9)
It is proposed to have the MACe PDU consist of a MACe header and a MACe Payload;
=> Proposal 10)
It is proposed to have the MACe header consist of K times (“Mux-Id”, “N”, “F”);
=> Proposal 11)
It is proposed to have the MACe payload consist of up to one MACe Control SDU, followed by 0 or more MACes PDU’s 

=> Proposal 12)
It is proposed to have the MACes PDU consist of a TSN followed by N times an RLC-PDU;

9. E-TF size table definitions
Currently the working assumption is that in the specifiction we will define a number E-TFS tables, each indicating a TB-size for each of the possible E-TFI values. The question is how we should define these E-TFI tables.

As shown in figure 1, the MACe is proposed to consist of a MACe-header and a MACe payload. The configured TB size should thus allow a sensible combination of MACe header size and MACe payload size.

The length of the MACe payload should be the sum over all Mux-Id’s of the number of RLC-PDU’s (with a size corresponding to that Mux-Id) that is expected to be included with this E-TFI, plus a TSN for each separately included “Mux-Id”.
When definining the MACe header sizes, the characteristics of the different services that are expected to be caried over EDCH and whether/how they are likely to be multiplexed in one MACe PDU has to be taken into account in more detail.

The above proposals have resulted in a quite simple MACe header structure, with a very limited size. In all realistic situations, the total MACe header size will be smaller than the smallest RLC PDU size included in the MACe PDU.

10. Conclusion
This contribution included the following proposals:

C/T field:
=> Proposal 1) 
It is proposed to take the C/T field out of the MACd PDU.

Identity combinining:
=> Proposal 2) 
It is proposed to multiplex the re-ordering queue id, the C/T field and the RLC-PDU size identification together in one common 5-bit field. In this contribution we will call this field “Mux-Id”.
TSN size:

=> Proposal 3)
It is proposed to have as a working assumption, a 4-bit TSN size.

“N” field size:

=> Proposal 4) 
It is proposed to use a variable size for the “N” field

=> Proposal 5)
It is proposed to use scheme 1 as the way to configure the size of the N-field.

Inclusion of control information:

=> Proposal 6) 
It is proposed to reserve a Mux-Id for Node-B terminated control information (e.g. 0x1F);

=> Proposal 7) 
It is proposed to define the control information as much as possible in a way such that it will result in a size similar to the otherwise used MACd PDU’s. The detailed MACe control information contents is left FFS.

F-field size:

=> Proposal 8)
Conform [6], it is proposed to tolerate the full “re-ordering queue overhead” whenever a new Mux-id needs to be used, resulting in a 1-bit “F” field.

MACe PDU structure:

=> Proposal 9)
It is proposed to have the MACe PDU consist of a MACe header and a MACe Payload;

=> Proposal 10)
It is proposed to have the MACe header consist of X times (“Mux-Id”, “N”, “F”);

=> Proposal 11)
It is proposed to have the MACe payload consist of up to one MACe Control SDU, followed by 0 or more MACes PDU’s 

=> Proposal 12)
It is proposed to have the MACes PDU consist of a TSN followed by N times an RLC-PDU;

E-TFI calculation and header padding:

=> Proposal 13) 
It is proposed to define the E-TFS tables with for each E-TFI an value for the TB size and the MACe header size.

=> Proposal 14) 
It is proposed that the UE shall apply padding after the end of the used header bits (after and “F” flag indicating “no more Mux-Id’s”, up to the end of the configured MACe header size.
It is proposed to discuss each of these proposals individually and see up to what extend they can be agreed.
The possible resulting update to the TS (if all proposals are accepted) is shown in the figure on the next page.
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� 1500 byte IP packet results in 38 320-bit RLC PDU’s;


� Assuming that we do not optimise for logical channels belong to the same re-ordering queue.


� 5-bit Mux-Id field + 1 bit F-field
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