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1 Introduction

A multi-channel stop-and-wait (SAW) approach has been proposed as the scheme to implement HARQ. Its advantages include simplicity from a protocol standpoint and low signalling overhead with the choice of the right stop-and -wait scheme. However, it has been pointed out that one of the issues with multi-channel SAW is the potential to cause out-of-order delivery. In case of UM mode, this causes a problem with the way the RLC protocol is defined in R99 and also has an impact on ciphering. This contribution expands on the proposals listed at the previous meeting. 

2. 
Potential Solutions

In order to remedy the out-of-order delivery problem, it is proposed that a hard-memory reordering buffer be used to store out of order packets for in-order release to the higher layers.  
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Figure 1 Reordering Buffer

Figure 1 depicts the configuration of the TX buffer, N-channel HARQ buffer and reordering buffer.  The reordering buffer stores blocks released from HARQ until all preceding blocks have been successfully received. Reordering at the receiver requires that sequencing information is present to the reordering mechanism.   Therefore, the reordering mechanism must take advantage of existing sequence numbering in RLC layer (UM mode data PDUs do carry sequence numbers) or add additional sequence information at the MAC-hs layer.   

Three architecture options exist for the reordering scheme -

1. MAC-hs can perform the reordering. This would require the use of additional sequence numbers since the MAC protocol does not itself require sequence numbers. 

Three further options are possible in case the MAC-hs do the reordering

· Method A - Control channel SN: A sequence number is sent on the shared control channel to facilitate this reordering by the MAC-hs.  However, this information is only used after the HARQ attempt that has been successfully decoded.  Therefore, it is unnecessary to repeat this information with each HARQ retransmission attempt. Furthermore, it is imperative to keep the overhead on the signalling channels to a minimum in order to maximize the remaining power and OVSF code space available for data transmission.

· Method B - MAC TSN: Another option would then be to add a sequence number to the transmission over a TTI per UE, i.e. a MAC TSN - transmission sequence number is added on the HS-DSCH. A MAC transmission over a TTI can be seen to consist of multiple PDUs depending on the choice of modulation and coding by the scheduler. All these PDUs are identified by a single header sequence number. The MAC-hs at the receiver in turn will release the successfully received RLC PDUs contained within a MAC transmission in order. The MAC-hs receiver would need to keep track of the next expected MAC TSN.

Methods A-B above have the benefits of being applicable to all three RLC modes without any modification to the R99 RLC specification. Method B has the additional benefit of HARQ as the MAC TSN is transmitted on the HS-DSCH. In addition RLC control PDUs can also be treated though this mechanism and ensured in-sequence delivery.

2. MAC-hs can perform the reordering but is allowed to use the RLC sequence number. This obviously violates the layering rules and is therefore considered inappropriate. More importantly as described later, in UM mode, there is not a sufficient sequence number range to permit this scheme unless the bits allocated for sequence number are increased. Also this cannot be applied to the TM mode.

3. RLC performs the reordering: In this scheme, a reordering buffer in the RLC reorders the PDUs, performs the reassembly and them sends them to the upper layers. This ensures that the PDUs received so far belonging to an SDU are not discarded as soon as a PDU is received out of order.  This scheme would require the addition of sequence numbers on RLC control PDUs. In addition in the case of UM mode, R99 limits the RLC sequence number to 128 (7 bits) and 4096 (12 bits) for the AM mode. With the enabling of high peak rates through HSDPA, it is very well likely that the range for sequence numbers defined in R99 may not be sufficient for HSDPA. 

R2-011631 demonstrates possible set of data rates achievable with various PDU sizes for various code allocations and modulation and coding schemes. For the case of PDU size of 480 bits, it is easily seen that with peak rates of 10.8 Mbits/sec the PDU sequence numbers can cycle through the maximum permitted in R99 quite easily. (For example with a PDU size of 480 bits, we have 10.8 Mbits*120 ms/480 bits PDUs within one roundtrip delay on the Iub assuming a 120ms round trip delay.) 

In order to permit the full flexibility of configuring RLC as permitted by R99 along with a lower HARQ layer in HSDPA, it seems necessary for HSDPA to increase the number of bits allocated to the RLC sequence number. One approach to resolve this would be through the use of larger PDU sizes. However, in order to ensure maximum frame utilization and enable code division multiplexing of users, it is important to enable small PDU sizes (for sending a TCP ACK for e.g.). Table 1 below shows the possible PDU sizes that cab be achieved with the modulation and coding schemes being considered by WG1. A SF=16 is considered in line with the WG1 decision. Increasing the RLC sequence number size would require that the same sequence number increase also apply to the DCH case. Hence all REL-5 UEs capable of HSDPA reception would support the larger UM mode sequence number on the downlink. This would ensure that the transport channel switching function is not affected.

With the increase in RLC sequence numbers it is a trivial step to add the re-ordering function within RLC. This has the additional advantage of being to effectively use the logical channel de-multiplexing function without any additional delays from the re-ordering functionality. Thus PDUs (and SDUs) destined on a radio bearer can be release as soon as in-sequence delivery is assured without waiting for all PDUs destined for other radio bearers multiplexed on the same Hs-DSCH transport channel

2.1
Proposal:  

Either option 1B (MAC TSN) or 3 are preferred. While the MAC TSN approach has a little more overhead compared to option 3, option 3 could also require the modification to the RLC protocol. In addition option 3 would not apply to TM mode. If it is intended that RLC shall be able to be configured as in R99 above the HARQ layer then it will be essential to increase the sequence number in order to accommodate the ability to configure any number of maximum number of retransmissions. In this case the RLC entity shall be capable of handling the reordering. If however the intention is not to permit a configuration of the RLC entity spanning the range of possibilities as in R99 then  option 1B could provide the necessary mechanisms for the reordering function with minimum impact. 

3.
Implementation of Method 1B: Reordering at the MAC-hs using MAC TSN.

As described above two options present themselves with the third (MAC peeking into RLC sequence number) not being considered for now. 

3.1
Sequence number on the Data channel

In this scheme, a MAC sequence number (TSN - transmission sequence number) is transmitted every frame on the HS-DSCH. The sequence number is utilized for reordering purposes only and therefore can be decoded after HARQ is successful. There is added advantage to sending the sequence number on the data channel since it has little if any incremental cost and it acquires the advantage of HARQ. Thus there is less potential for corruption of the sequence number in this case (compared to the case described below where the sequence number is transmitted on the control channel). Here again two possibilities present themselves:

· In one approach, a MAC super PDU is created by concatenating the RLC PDUs to be sent in the TTI and a header containing the sequence number is then added. Keep in mind that from an implementation standpoint this does not add anything new since in Layer 1 concatenation of the transport blocks is necessary before coding. Also keep in mind that there is only one CRC per frame and therefore the process of concatenation and adding a header at the MAC fits in rather well with the subsequent steps at Layer 1.

· The second option is to create a MAC control PDU which contains the sequence number for the frame and is sized to the PDU size for that TTI.

In both cases the MAC-hs utilizes the MAC TSN to reorder the frames after successful transmission. The PDUs within the frames are expected to be in-sequence. 

3.2 Sequence number on the Control channel

In this scheme the MAC sequence number is transmitted on the control channel. This information is required only after successful decoding of the HARQ attempt and thus need not be repeated for every attempt. Note however that if it is repeated for every attempt this then also enables Asynchronous operation in the downlink, with the sequence number acting additionally as a channel identifier. 

4
Reordering Buffer sizing

While the addition of a reordering functionality to the receiver is a simple solution to the problem of SDU discard on out-of-order PDU reception, it is important to address the sizing of this receive buffer and the rules that enable its functionality. This is necessary to ensure that the reordering buffer is of a finite and practical size. Note that the reordering buffer is not envisioned to be a separate physical buffer - it is merely a logical entity. R2-011727 addresses the sizing of the reordering buffer required.

5
Conclusions

This contribution has proposed that a hard-memory reordering buffer be used to store out of order packets for in-order release to the higher layers.  Two viable alternatives have been identified placing the reordering mechanism in the MAC-hs or in the RLC.  The preferred MAC-hs based alternative requires a MAC TSN be added to each HARQ attempt on the HS-DSCH to enable reordering at the receiver.  Finally, a robust reordering operation may be achieved through a combination of well-defined receiver discard procedures and transmitter procedures that prevent reordering overrun.
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