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Implications of the Introduction of the Flexible Layer One Architecture to the GERAN RLC layer
1. Introduction

This document is intended as an initial investigation in how introducing the Flexible Layer One (FLO) concept to GERAN will affect the GERAN RLC layer. The document is intended as a discussion paper, listing topics for further investigation.
2. general concepts

In general, the GERAN RLC layer has the following attributes
:

· The RLC layer can operate in one of three different modes:

· Transparent mode (TM). In transparent mode, the RLC layer has no functionality and does not alter upper layer PDU’s.

· Unacknowledged mode (UM). In unacknowledged mode the RLC layer segments/concatenates upper layer PDU’s into RLC PDU’s, adds an RLC header with information such as the block sequence number, and performs ciphering. RLC unacknowledged mode does not contain any retransmission protocol, and therefore cannot guarantee data delivery.

· Acknowledged mode (AM). In acknowledged mode the RLC layer performs all the functions of unacknowledged mode, and in addition contains an automatic repeat request (ARQ) mechanism. Operating in acknowledged mode, the RLC layer  offers error-free packet delivery to upper layers. When operating in EGPRS acknowledged mode, the ARQ mechanism is further advanced by the introduction of incremental redundancy (IR) techniques. IR techniques enhance the performance of traditional ARQ methods by combining recently received information with that received previously, and thus attempting to incrementally decode erroneous data, rather than requiring its complete retransmission.

· Generally, the RLC layer can perform any of the following functions (dependant on what mode it is operating in)

· Segmentation, reassembly and concatenation of upper layer PDU’s into RLC blocks.

· Padding of any RLC PDU’s that require it.

· Discard erroneous blocks.

· In-sequence delivery of PDU’s to higher layers.

· Ciphering.

· Guaranteed delivery using ARQ techniques.

· Link adaptation.

Considering FLO, it can be seen that many of these RLC functions are removed from behaviour at the physical layer, and thus will not be affected by FLO’s introduction. However, three areas can be identified that will be affected by the introduction of FLO: FLO will affect the issue of link adaptation in GERAN, FLO will have some effect on the RLC layer segmentation performance, and FLO will also affect how the ARQ mechanism is implemented in GERAN. These are further discussed below.

3. Link Adaptation issues

The aim of link adaptation (LA) techniques is to adapt the transmission coding schemes in use across the radio interface to the current channel conditions- strong (highly redundant) coding techniques are used in poor channel conditions, and weaker (but higher throughput) schemes in favourable channel conditions. 

The RLC layer controls the link adaptation procedure. In the current implementation of GERAN, the LA control mechanism chooses from a range of modulation and coding schemes the transport format that is most suitable to the current channel conditions. The set of modulation and coding schemes available to a particular channel is predetermined in the specifications, chosen to match the transport requirements of the traffic expected on that channel.  

FLO introduces a much more flexible variety of transport formats available to the MAC layer, in that the transport formats available to the MAC are not predetermined, rather, they can be changed at all times. With FLO, the set of transport formats available to the MAC at any particular time is configured by higher layers in the network, based on user QoS conditions, system traffic measurements, MS capabilities, and so on.

For optimal link adaptation performance, care should be taken when selecting the set of available transport formats, in order to avoid selecting transport formats that are not optimal for link adaptation. The layer interactions for link adaptation are shown in figure 1. 

As can be seen, for well performing link adaptation, when configuring the transport format set, the network should consider not only the traffic and QoS requirements, but also the current channel conditions. The interaction between RLC layer and the network is implementation specific- for ideal link adaptation performance, such interaction should ensure that the network is aware of poor channel conditions, and can thus adapt transport formats appropriately.

4. Segmentation issues

The GERAN RLC layer is responsible for segmentation of upper layer PDU’s into RLC PDU’s. The maximum size of an RLC PDU is determined by the transport format to be used for this particular PDU. FLO introduces further flexibility here, in that with FLO a variety of transport formats can be used to carry RLC data, and this variety of transport formats can also be changed at the command of the network. 

This may influence the segmentation behaviour of the RLC layer, in that the RLC segments upper layer PDU’s based on the transport format they are intended for. If the range of transport formats changes, any already-segmented PDU’s may be incorrectly sized for the new transport format in use (We assume the PDU’s have been segmented, and are lying in an RLC buffer awaiting transmission). The most flexible solution to this is to ensure the RLC can completely reassemble and then re-segment any incorrectly sized RLC PDU’s, where the re-segmentation ensures PDU’s are a size appropriate for the new transport format.

Such behaviour, and the signalling between the MAC layer (which is aware of the transport formats available) and the RLC layer (which needs to be aware of the transport formats currently available, in order to segment correctly), needs further study. 

5. ARQ ISSUES- Block sequence numbering and incremental redundancy

Another RLC area that will be affected by the introduction of FLO to GERAN is that of the automatic repeat request (ARQ) mechanism. In considering ARQ mechanisms, a number of essential functionalities can be listed:

· Some sort of sequence mechanism is necessary to uniquely identify blocks and thus allow for explicit retransmission requests.

· Considering incremental redundancy, the physical layer needs to be aware whether an incoming block is a retransmission, and thus should be combined with data previously received, or is a completely new transmission. This awareness can be implemented in two general ways: 

· The physical layer can examine a sequence number that uniquely identifies an incoming block, and by searching its memory for this sequence number, determine if this block has been previously received or not.

or

· The transmitter appends a “new data indicator” flag to any blocks that it has not previously transmitted. This new data indicator flag allows the physical layer to determine if it has previously received a block or not.

· Implementation of an IR mechanism involves a number of layers in the system, including the physical, RLC, and MAC layers. These layers need to be tightly integrated with IR- whilst the physical layer will perform incremental decoding functions, generally a higher layer will control subsequent retransmission requests, coding scheme changes, and so on.

As well as influencing individual system implementation, these issues are relevant to standardisation work, as they may influence the actual architecture of FLO with GERAN. Thus, it is worthwhile considering how these issues are currently implemented in GERAN and UTRAN:

5.1 BSN & IR in GERAN

· Upper layer data is assembled into RLC/MAC blocks at the GERAN RLC/MAC layers, and an RLC/MAC header added to the block. A block sequence number (BSN) is placed in this header. The RLC/MAC header is protected by strong encoding and its own CRC. 

· At the physical layer, RLC/MAC blocks are coded into radio blocks. There is no multiplexing of RLC/MAC blocks into radio blocks- only RLC/MAC blocks from the same logical channel are carried in one radio block.

· The RLC layer (operating in acknowledged mode) is responsible for controlling IR retransmissions. If the RLC layer determines that a retransmission should occur using a different modulation or coding scheme, then it will perform any necessary segmentation or padding of the block to be transmitted, format the RLC/MAC header to indicate the new modulation and coding scheme to be used, if necessary indicate that this block has been split, and send the new block(s) on to the physical layer.

· The physical layer in the GERAN receiver is able to decode the RLC/MAC header inside a radio block. In decoding the RLC/MAC header, the physical layer can read details such as the BSN, and thus determine if it has previously received the current block. If so, the physical layer can perform IR and combine the current information with that in its buffers in order to correctly decode the current block. Therefore, in performing IR, there is no complex interaction necessary between the RLC and physical layers.

5.2 BSN & IR in UTRAN

· The introduction of high-speed downlink packet access (HSDPA) brings the concept of IR to UTRAN. Rather than significantly alter the functionality of the UTRAN RLC layer, IR is introduced by adding an additional MAC entity- the MAC-hs, which takes care of controlling the HSDPA functions. Inside MAC-hs, the HARQ entity takes care of all IR functionality. HSDPA data is transmitted on special high-speed downlink shared channels (HS-DSCH). 

· As in GERAN, the UTRAN RLC/MAC layers add a header with a block sequence number to the PDU’s from higher layers. However, this BSN is not used for incremental redundancy purposes. Rather, for IR purposes RLC/MAC blocks to be transmitted on HS-DSCH are given another header, a MAC-hs header. This header contains a sequence number unique to the MAC-hs, called the transmission sequence number (TSN). The TSN is used for re-ordering MAC-hs blocks before delivery to the RLC layer (see below).

· The HARQ entity uses a “new data indicator” (sent on the control channel associated with a HS-DSCH) to indicate to the physical layer whether the transmitted block is a new transmission, or a retransmission. If the new data indicator indicates the data is a retransmission, the received data is combined with the data already in the physical layer’s data buffer, and decoding attempted on this combined data. If the new data indicator indicates the data is a new transmission, the received data replaces the data in the physical layer’s received buffer. 

· UTRAN does not allow multiplexing of multiple transport channels onto one physical HS-DSCH. Only one MAC block is allowed per HS-DSCH physical block, and only one HS-DSCH is allowed per UE. Thus, when using HSDPA, multiplexing of traffic intended for one UE must occur at the MAC layer, where logical channels are multiplexed onto one transport channel. Such multiplexing can only occur for traffic with the same QoS requirements.

· The MAC-hs entity functions entirely separately to the UTRAN RLC layer. Because the IR functionality is performed at the MAC-hs, independently of the RLC layer, the RLC layer can operate in both acknowledged and unacknowledged modes with HSDPA, whilst still having IR functionality provided by MAC-hs. Thus, as the RLC layer is effectively unaware of the IR performance, the MAC-hs entity must re-order incoming data and transmit them to the RLC layer in order. If this was not done, the RLC layer would either discard an out of order packet (if in unacknowledged mode), or incorrectly assume a packet was not received correctly (and thus NACK this packet), when it may just be out of order (when operating in acknowledged mode).

5.3 BSN & IR with FLO on GERAN

The implementation of incremental redundancy in GERAN is complicated by the introduction of FLO. The new physical structure introduced by FLO will need to include techniques for the basic IR functionalities mentioned above, as well as a way of coping with the extra flexibility offered by FLO. Considerations include:

· Considering the IR techniques currently used in GERAN, it can be seen that a similar ARQ/IR structure should work in GERAN with FLO. The “new data indicator” and similar mechanisms used in UTRAN are unnecessary to the GERAN IR implementation- IR in GERAN with FLO will work if the physical layer can decode the BSN, and determine for itself if a block is retransmission or not. Mechanisms such as the BSN will need to be placed in a header (decodeable by the physical layer) - the header architecture with FLO, overhead involved, and similar issues, deserve further consideration.

· With FLO, the physical layer offers a set of transport channels, of various transport formats, to the MAC layer. The actual transport formats that this set comprises are determined by higher layers, based on the level and types of traffic currently carried by the system. As mentioned in section 3, the set (or variety) of transport formats currently available may not be well suited to link adaptation and incremental redundancy purposes, decreasing system performance. Avoiding this situation will require well performing link adaptation and available transport format combination controls.

6. Conclusions

In general, the effects of FLO on the GERAN RLC layer will be fairly minimal. The three areas that will be affected are the block sequence number and incremental redundancy mechanisms, segmentation, and link adaptation.

For ARQ/IR purposes the physical layer needs to be aware of whether arriving physical blocks are retransmissions or new transmissions. This can be implemented using a block sequence number “awareness” as in the current GERAN, or alternately, using a “new data indicator” as in UTRAN. We believe that the current ARQ/IR mechanism in GERAN is well-suited to FLO, and thus a “new data indicator” is not necessary, although the implications of the BSN & required header architecture deserve further study.

Regarding segmentation, when segmenting upper layer PDU’s, the RLC layer segments them based on the transport format they are to be transmitted with. If this changes, some already segmented PDU’s may be incorrectly sized, and thus will require re-segmentation. This issue, and the interaction with the MAC layer, deserves further investigation.

Lastly, regarding link adaptation, with the network controlling the available transport formats in FLO (based on expected system traffic types), and the RLC layer choosing from these available formats for the purposes of link adaptation (based on channel conditions), system performance may suffer as a result of the network configuring transport format choices that are not ideal for link adaptation purposes. Management of this situation will require higher layers to consider both traffic requirements as well as channel conditions, and this issue deserves further consideration. 

It is worth noting that most of these issues are dependant on what traffic classes FLO is applied to. For example, if FLO is applied only to conversational class traffic, which we assume would not operate with link adaptation, then the complications introduced by using FLO with this mechanism can be avoided.

Consideration of these issues, and how to address them, should include an awareness of the complexity potential techniques may introduce, whilst also trying to maintain the inherent flexibility that FLO provides. Techniques at higher layers such as the RLC should also be future proof- if techniques used at layers above the physical layer are not flexible or future proof, then the advantages introduced by FLO will be negated. Further, consideration of RLC issues should include an awareness of the difference between network and MS RLC entities- whilst some functionalities may be worthwhile introducing to a MS (and should thus be included), they may be too complex to introduce at the network (and should thus be optional), or vice-versa.
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RRC configures transport formats available, alerts MAC


RRC alerts RLC of available transport formats


RLC notifies MAC of transport format required for current block (implied through block size/source rate)
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RLC notifies RRC that available transport formats are not ideal for channel condition (implementation dependant)





Figure 1: Inter-layer communications for link adaptation. Red lines show relevant link setup procedures, black lines show user traffic flow, blue lines show link adaptation feedback.








� These functionalities are common to GERAN Iu and A/Gb modes. Additionally, it is worth noting that a review of UTRAN’s RLC functionalities was also completed in preparing this document. In general, the RLC functionalities of UTRAN and GERAN are very similar, and, although UTRAN already possesses a “flexible” layer one, there are no RLC functions unique to UTRAN because of such a layer.
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