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1 Introduction

In the last RAN plenary, a new work item ‘FDD Enhanced Uplink’ was initiated [1]. In this paper we discuss some L2 issues to start discussion in RAN2 and in RAN1/RAN2 joint session. Topics discussed are number of E-DCH transport channels, MAC level multiplexing, numbering of MAC PDUs for reordering and related MAC header examples. Some of these issues are already discussed in the study item TR [2].

2 E-DCH transport channels

Introduction of physical/MAC layer HARQ requires changes to transport channel coding chain, e.g., changes to rate matching and addition of HARQ functionality. Therefore, we believe that the easiest way to introduce these enhancements is to introduce a new enhanced uplink transport channel, which we call here E-DCH (Enhanced DCH). Also, possible introduction of shorter TTI probably requires a new transport channel.

2.1 Number E-DCH transport channels

There are at least two alternatives for the number of E-DCH transport channels:

1) Only one E-DCH per UE, 
MAC-e multiplexing is used to multiplex several MAC-d flows to one E-DCH (cf. HS-DSCH and MAC-hs multiplexing)

Advantages:

· Less overhead from MAC header and CRC for very high data rates

Disadvantages:

· More complex MAC header with MAC-d PDU sizes, number of MAC-d PDUs, priorities

· Priority handling and TFC selection require new specification (different from Rel99)

· New outband signalling is needed to tell the transport format parameters

2) Several E-DCHs allowed per UE and per TTI
MAC-e multiplexing is not needed, i.e., each MAC-d flow can be mapped to own E-DCH

Advantages:

· Priority handling and TFC selection can be the same (or very similar) as in Rel99

· Multiple priorities per TTI easy to handle

· Simple MAC header (MAC-e header not necessarily needed)

· TFCI can tell the used TFC (no new outband signalling needed for transport format parameters)

Disadvantages:

· More CRC overhead if several TrCHs are transmitted within one TTI

It should be noted that even if multiple TrCHs are allowed per TTI, often only one TrCH is transmitted in each TTI. 

Figure 1 shows these alternatives. Alternative 1) is shown in Fig.1a and alternative 2) in Fig. 1b. 


[image: image1.wmf]MAC-d

MAC-e

logical channels

MAC-d flows

transport channels

DCHs

E-DCH


a)

[image: image2.wmf]MAC-d

MAC-e

logical channels

MAC-d flows

transport channels

DCHs

E-DCHs


b)

Figure 1 Different alternatives for E-DCH(s): a) One E-DCH per UE with MAC-e multiplexing; b) several E-DCHs per UE without MAC-e multiplexing.

2.2 Discussion

The MAC/physical layer HARQ is easiest to implement if only one ACK/NAK is sent per TTI and the whole TTI is retransmitted when needed (the same as in HSDPA). This can be implemented with both alternatives: with several transport channels per TTI, all transport blocks (=MAC PDUs) are retransmitted if any of them is in error; and with single transport channel this is also true, all MAC PDUs are retransmitted if the CRC fails. Several transport channels (and CRCs) has the advantage that a correctly received MAC PDU can immediately be forwarded to higher layers even if it is retransmitted due to errors in other transport channels. 

Both one and several E-DCHs are viable solutions. Several E-DCH allows simpler MAC headers. The amount of overhead due to MAC headers depends on the number of MAC-d flows in both solutions. Priority handling and TFC selection are easier (similar to Rel99) if multiple E-DCHs per UE are supported.

3 MAC multiplexing

Following issues need to be studied in relation to MAC multiplexing:

· MAC-d multiplexing of several logical channels into one MAC-d flow

· MAC-e multiplexing of several MAC-d flows into one E-DCH transport channel

We discuss these a bit more in detail in the following subsections.

3.1 MAC-d multiplexing

In Rel99/4/5 several logical channels can be multiplexed into one transport channel (DCH) or into one MAC-d flow (HS-DSCH). This is done by adding the logical channel number as MAC-d header to each MAC-d PDU. Different logical channels may have different priorities and therefore, different priorities are allowed within one transport channel (or MAC-d flow).

We assume that MAC-d multiplexing is supported also with enhanced uplink DCH (E-DCH).

3.2 MAC-e multiplexing

In Rel99 each MAC-d flow is mapped to a transport channel, i.e., there is no other MAC level multiplexing besides MAC-d multiplexing. In HSDPA, MAC-hs multiplexing was introduced since there is only one HS-DSCH transport channel. For enhanced uplink DCH both alternatives are possible depending on the number of E-DCH transport channels.

If several E-DCH transport channels are allowed, then MAC-e multiplexing is not needed. Each MAC-d flow can be mapped to own E-DCH transport channel. No MAC-e header is needed, since the MAC-d PDU size and the number of MAC-d PDUs can be available in TFCI, similar to Rel99.

If only one E-DCH transport channel is specified, then MAC-e multiplexing is needed in order to be able to support several MAC-d flows within one TTI. This could use an HSDPA like structure with a single MAC-e PDU and E-DCH transport block per TTI. In this case a variable length MAC-e header is needed to tell the sizes and the number of MAC-d PDUs similar to MAC-hs header.

4 Numbering for reordering

Due to MAC/physical layer ARQ, RLC PDUs are not received in order and have to be reordered. The reordering requires numbering of the PDUs. There are several possibilities for the numbering and reordering:

· RLC reordering based on RLC PDU numbers

· MAC-d PDU numbering

· MAC-e PDU numbering

We discuss these a bit more in detail in the following subsections.

4.1 Reordering at RLC

Leaving the reordering for RLC would have the following advantage:

· RLC PDU numbering could be reused, less overhead

Disadvantages:

· Requires changes to RLC (the study item TR [2] assumes that there are no changes to RLC)

· RLC control PDUs are not numbered, therefore, cannot be reordered

It is beneficial to have RLC untouched.

4.2 MAC-d PDU numbering

Numbering MAC-d PDUs, i.e., the logical channels separately, has the following advantages:

· No extra priority information is needed since the reordering would be done separately for each logical channel

· No MAC-e header needed, if MAC-e multiplexing not supported

Disadvantages:

· Sequence number has to be added to each MAC-d PDU, thus slightly increasing the overhead

4.3 MAC-e PDU numbering

If the numbering is added at MAC-e level, i.e., after logical channel multiplexing (C/T mux), then there should be a priority distribution function before the numbering, since the numbering should be separate for each priority. Furthermore, a priority index (or equivalently a reordering queue index) in addition to the sequence numbering has to be added in the MAC-e header.

Advantages of MAC-e PDU numbering:

· If MAC-e multiplexing is introduced, then only one sequence number per TTI is enough. Thus the overhead due to sequence number can be slightly reduced. (On the other hand, the MAC-e multiplexing requires additional header, which increases the overhead.)

Disadvantages:

· Requires priority queue distribution before sequence numbering

· Priority index has to be sent over the air

5 MAC header examples

The MAC headers (MAC-d and MAC-e) depend on the selected multiplexing scheme as well as the selected sequence numbering (MAC-e, MAC-d or RLC). In this section, some MAC header examples for different MAC alternatives are presented and discussed.

For reordering purposes, there should be a new sequence number (MAC TSN) added to each ‘transmission unit’ (a transport block or a transport block set) (one TSN per TTI), or to each MAC-d PDU. In the former case the reordering is done for ‘transmission units’ (like in HSDPA) and in the latter case for MAC-d PDUs. If TSN is added after C/T mux so that several priorities are allowed within one transport channel, then also the priority needs to be signaled in the MAC header. MAC-d PDU size and the number of MAC-d PDUs needs to be signaled in the MAC-e header only if MAC-e multiplexing is used.

We consider here three alternatives: 1) numbering done at MAC-d, no MAC-e multiplexing, 2) numbering done at MAC-e, no MAC-e multiplexing and 3) numbering done at MAC-e with MAC-e multiplexing.

5.1 Numbering at MAC-d, no MAC-e multiplexing

The sequence number for reordering is added for each logical channel before the optional C/T mux. Since MAC-e multiplexing is not supported, no MAC-e header is needed. TSN is added to each MAC-d SDU. If MAC-d multiplexing of several logical channels into one MAC-d flow is supported then also C/T field (=logical channel number) is added to each MAC-d SDU. These MAC-d PDUs are then passed to MAC-e for transmission.
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Figure 2 MAC-d header when numbering at MAC-d, no MAC-e multiplexing

In order to shorten the TSN field, same TSN value can be given to those PDUs sent within the same TTI. This is possible if the whole TTI is always retransmitted by the HARQ, meaning that the PDUs within one TTI always remain in correct order. 

This alternative is very much Rel99/4/5 type solution:

· Several E-DCHs allowed per UE and per TTI 

· Several priorities allowed per E-DCH

· MAC header (TSN and optional C/T field) added to each MAC-d PDU

· The number of MAC-d PDUs per TTI and the size of the MAC-d PDU could be signaled by TFCI

5.2 Numbering at MAC-e, no MAC-e multiplexing

Here, the TSN is added after possible C/T mux. MAC-d adds the optional C/T field if MAC-d multiplexing is used. If MAC-d multiplexes several priorities into one MAC-d flow to be transmitted on one E-DCH transport channel, then priority queue distribution is needed before addition of TSN, since different priorities should be numbered separately. This leads to the following MAC header structures.
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Figure 3 MAC-e header a) without C/T mux, b) with C/T mux

For those logical channels that are directly mapped to MAC-d flows (transport channels) without C/T mux, only TSN needs to be added, Fig 3a. If C/T mux is used, then an optional reordering queue id (QID) is needed if the logical channels multiplexed together have different priorities, Fig. 3b. The QID is optional since different MAC-d flows are still mapped to different transport channels and thus the receiver knows based on the transport channel whether QID is used or not (cf. optional C/T field in Rel99).

This alternative is also a Rel99/4/5 type solution:

· Several E-DCHs allowed per UE and per TTI 

· One MAC-d PDU per MAC-e PDU

· Several priorities allowed per E-DCH

· MAC-e header added to each MAC-d PDU. The header would contain TSN and optional priority

· The number of MAC-d PDUs per TTI and the size of the MAC-d PDU could be signaled by TFCI
The drawback of this alternative compared with the previous one is that priority queue distribution is needed before numbering and addition of QID.

5.3 Numbering at MAC-e with MAC-e multiplexing

In this alternative, MAC-e multiplexing is introduced, i.e., all MAC-d flows are multiplexed into one E-DCH transport channel. This leads to a HSDPA like structure, Figure 4a. If only one priority per TTI is allowed (as in HSDPA), then a single queue id (QID) and single TSN per MAC-e PDU is needed. On the other hand, the channel may not be fully utilized if only one priority is allowed per TTI. In addition to QID and TSN, MAC-e multiplexing requires that the header tells also the size(s) of PDUs as well as the number of them.

If several priorities are allowed per TTI, the header structure is shown in Figure 4b, where the header structure of Figure 4a is repeated for each priority.

If the allowed transport block (set) sizes are limited to a fixed set (like in HSDPA), this structure may require padding at the end of the MAC-e PDU (similar to HSDPA).

It should be noted that MAC-d PDUs in Figure 4 contain the C/T field for those MAC-d flows which support MAC-d multiplexing.
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Figure 4 MAC header for MAC-e multiplexing, a) one priority per TTI allowed (same as HSDPA), b) several priorities per TTI allowed (QID=queue id, TSN=transmission sequence number, SID=MAC-d PDU size index, N= number of MAC-d PDUs, F= end flags)

This alternative is an HSDPA like solution:

· Only one E-DCH per UE

· Only one transport block (=MAC-e PDU) per TTI

· One or several priorities allowed per E-DCH and per TTI

· Several MAC-d PDUs per MAC-e PDU

· Several MAC-d PDU sizes per MAC-e PDU

· One MAC-e header per TTI, i.e., added to each MAC-e PDU; containing queue id, TSN per queue, SIDs per queue, number of MAC-d PDU per size and queue, end flags

6 Conclusions

In this paper we discussed some L2 issues to initiate the discussion of the new work item ‘FDD Enhanced Uplink’in RAN2. Topics discussed were the number of E-DCH transport channels, MAC level multiplexing, numbering of MAC PDUs for reordering. Several alternatives were described and pros and cons given to each. Finally, examples of  related MAC headers were given in order to show how different alternatives could be implemented.
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