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1 Introduction

In this contribution we present an overview of possible changes required to the L2 protocols needed in order to fulfill the requirements of the “Improved L2 support for high data rates” work item. The proposals in this contribution form a solid base of Stage 2 decisions, upon which the actual protocol specification work can be built on.

Some of the proposals have already been documented in ‎[2], and most of the other improvements have also been proposed in various RAN2 contributions. For this reason, the discussion for the individual proposals has been kept at minimum level.
2 Flexible RLC PDU sizes
In order to avoid RLC window stalling, the RLC PDU size needs to be larger than e.g. 336 or 656 bits. However, simply increasing the RLC PDU size could lead to extensive padding for small packets. Furthermore, having a very large RLC PDU size (e.g. 1500 bytes) could lead to poor retransmission efficiency, as described in e.g. ‎[3]. Therefore, it is beneficial to have a new RLC PDU format, which could be called Flexible Acknowledged Data (FMD) PDU. The FMD PDU is characterized  by having a flexible RLC PDU size and a maximum size configured by higher layers, i.e. the FMD PDU size can vary from no payload data to the maximum PDU size on TTI to TTI basis.
Proposal 1: It is proposed to agree on a new AM PDU format, Flexible Acknowledged Data (FMD) PDU, which is characterized by a flexible PDU size and a maximum size configured by higher layers.

When using RLC PDU sizes larger than 126 octets, corresponding to 1008 bits, it is necessary to use a 15-bit Length Indicator. In order to support data rates introduced by 64QAM and MIMO, it is often necessary to use larger PDU sizes in order to avoid RLC window stalling (see e.g. ‎[3]). Thus, a single LI field is as long as the total RLC AMD PDU header. Furthermore, with the flexible RLC PDU size, it can be expected that the RLC PDU size varies from TTI to TTI. This makes it necessary to either use always the 15-bit LI when the maximum PDU size is larger than 126 octets, or use some means to detect if a 7 or 15-bit LI is used for the PDU, as observed in ‎[4]. 
It is possible to avoid this complexity by not allowing concatenation for FMD PDUs and by introducing a segmentation indicator (consisting e.g. 1-2 bits), thus removing the need for Length Indicators. 

The header overhead of repeating the full RLC header without Length Indicators is expected to be equal to the header overhead for using concatenation with 15-bit length indicators. For example, if two or more SDUs are to be transmitted in a single TTI, the header overhead would be equal for both options.
As a consequence of this, the possibility to use piggy-backed status reports is lost. However, as the FMD PDU size is flexible, the RLC Status reports can be sent with much smaller padding that with fixed PDU size, the need for piggy-backed status reports should also be smaller.
Proposal 2: It is proposed that RLC concatenation functionality and the Length Indicators are not supported for FMD PDUs.
3 MAC-hs multiplexing and segmentation
As discussed in section 2, the RLC PDU size needs to be reasonably large in order to avoid RLC window stalling. Depending on the available physical layer data rate, the RLC PDU size may actually be too large to be transmitted with a reasonable number of HARQ retransmissions on HS-DSCH. For this reason the MAC-hs protocol should be updated to include segmentation functionality.
Proposal 3: It is proposed that the MAC-hs protocol is extended to include segmentation functionality.

As more services and bearers are mapped to the HS-DSCH, an efficient support of multiplexing data from several bearers becomes increasingly important. The current MAC-hs protocol supports transmission only from a single priority queue for each UE each TTI. As described in e.g. ‎[6], this can result in reduced air interface efficiency and increased delay when small high priority packets need to be transmitted over HS-DSCH. For example, the transmission of a single control PDU or a VoIP frame will prohibit transmission of other data to the UE for a single scheduling occasion. 
The introduction of higher order modulation (64QAM) and MIMO in the downlink will allow the transmission of larger transport blocks to users in good radio environment. Especially for such users, wasting a full TTI to transmit a single control PDU or a VoIP frame leads to wasted system capacity.

In order to guarantee that the HS-DSCH can support efficiently multiple simultaneous services and bearers, it is proposed to extend the MAC-hs header to allow transmission from many priority queues in a single TTI at the same time as the support for the segmentation functionality is introduced. 

Proposal 4: It is proposed that the MAC-hs protocol is extended to include possibility to transmit data from several priority queues in one TTI. 
The support of high data rates places requires efficient implementation of the link layer functionality in both the user equipment as well as in various network nodes. Thus one goal of the L2 enhancements to support high data rates should be to allow fast processing of both header and data. 
As described in ‎[5] for LTE, having non-octet aligned headers forces shifting of the entire payload, leading to reduced processing efficiency. The required instructions per 32 bit word are two read, two shift, one OR and one write operations. Since these instructions are performed per 32 bit, the required processing time increase linearly with the size of received packet. These operations can be performed either in the software or by special hardware. This leads to either increased processing time, or increase hardware costs. Designing octet aligned headers would allow the alignment to be performed with standard processors without excessive operations.

For this reason it is proposed that the MAC-hs header should be aligned. The octet alignment can be achieved e.g. by designing a header, which is always (even when all optional components of the header are present) octet aligned, or by padding the header to the closest full octet.

Proposal 5: It is proposed that the MAC-hs header is octet aligned

If the MAC-hs header is designed to be octet aligned, the handling of the payload would be simplified if also the payload is octet aligned. If multiplexing of data from several priority queues is supported, the use of the MAC-d multiplexing (C/T mux) may lead to non-octet aligned payload, requiring all payload after the MAC-d multiplexed data to be shifted. 
In addition, if the possibility to transmit data from several priority queues is introduced, the MAC headers would support multiplexing on both MAC-d and MAC-hs. This could be streamlined in order to reduce the total MAC overhead. In ‎[4] it was argued that the main benefit of not having C/T-field would be for MAC-hs segmentation. When doing the MAC-hs segmentation the segmentation function would become clearly simpler if the segmentation would always work on octet aligned PDUs and we would not need to specify how four bit C/T-field would be handled as potentially one MAC-hs PDU could contain MAC-hs SDUs segments with and without C/T-field. 

However, if each logical channel is mapped directly to a separate priority queue, the number of priority queues in the Node B will increase significantly. The SRBs alone would need 4 priority queues compared to a single priority queue with MAC-d multiplexing. Most of these would be empty in any given TTI. Managing a large number of priority queues could lead to increased processing requirements and memory usage in the Node B as the state of each queue (e.g. the T1 timer status) would need to be stored and maintained. For this reason, it is beneficial to maintain the concept of the priority queues, and to allow several logical channels to be mapped to a single priority queue.

The mapping of the logical channels to the priority queues would need to be signaled to the UE, in order to guarantee the same priority queue state (e.g. T1 timer status) both in the network and in the UE.
The removal of the MAC-d multiplexing should not lead to an increased number of transport network connections between the RNC and the Node B. However, it is assumed that it should be possible to maintain the multiplexing of several logical channels to one transport network connection, similarly to maintaining the priority queue concept for the MAC-hs scheduling.
Proposal 6: It is proposed that the MAC-d multiplexing (C/T mux) is removed, but that the possibility to map many logical channels to a single priority queue by higher layer signaling is retained.

Provided that the Enhanced CELL_FACH state uses HS-DSCH as the transport channel, the optimizations for the MAC-c header proposed in ‎[7] would lead to a removal of explicit TCTF and UE-id fields from the MAC-c header. This would allow introduction of a single enhanced MAC-hs header format for both Enhanced CELL_FACH state and the CELL_DCH state. 
A single header for both Enhanced CELL_FACH and CELL_DCH states would allow state transition between CELL_FACH and CELL_DCH states without the need for explicit reconfiguration of the UE MAC header format. There would be no need to stop the downlink transition during the channel switch procedure, and the UE would continue to receive using the same H-RNTI in both CELL_FACH and CELL_DCH states. 
Proposal 7: It is proposed that if the HS-DSCH is chosen as the transport channel for Enhanced CELL_FACH state, the MAC headers are aligned for Enhanced CELL_FACH and CELL_DCH states.
4 Configuration

The benefits of introducing the enhanced L2 protocols are not only applicable for high data rates. For example, the flexible RLC PDU sizes will reduce the amount of padding, and the octet alignment of the MAC-hs header will simplify the processing both for low and high data rates. Thus, from performance point of view, it would be beneficial to be able to support the L2 enhancements also for UEs, which do not support the high data rate enhancements such as 64QAM and MIMO.

Furthermore, in order to reduce the amount of configuration options, implementation complexity as well as the amount of conformance testing, it would be beneficial to avoid the mixing old and new header formats.
Finally, if the header format of the Enhanced CELL_FACH state is aligned with the CELL_DCH header, the new header formats would need to be mandatory for all UEs that support the Enhanced CELL_FACH state. 
Proposal 8: It is proposed that the support for FMD and the new MAC-hs PDU format is mandatory for all Release-7 UEs, and that the FMD RLC PDU and new MAC-hs PDU formats can only be used together.
5 Conclusion

The contribution contains following proposals for RLC

Proposal 1: It is proposed to agree on a new AM PDU format, Flexible Acknowledged Data (FMD) PDU, which is characterized by a flexible PDU size and a maximum size configured by higher layers.

Proposal 2: It is proposed that RLC concatenation functionality and the Length Indicators are not supported for FMD PDUs.

In addition the contribution contains following proposals for MAC

Proposal 3: It is proposed that the MAC-hs protocol is extended to include segmentation functionality.

Proposal 4: It is proposed that the MAC-hs protocol is extended to include possibility to transmit data from several priority queues in one TTI. 

Proposal 5: It is proposed that the MAC-hs header is octet aligned

Proposal 6: It is proposed that the MAC-d multiplexing (C/T mux) is removed, but that the possibility to map many logical channels to a single priority queue by higher layer signaling is retained.

Proposal 7: It is proposed that if the HS-DSCH is chosen as the transport channel for Enhanced CELL_FACH state, the MAC headers are aligned for Enhanced CELL_FACH and CELL_DCH states.
Finally, it is also proposed that the configuration of the new L2 protocols is restricted in such a way that
Proposal 8: It is proposed that the support for FMD and the new MAC-hs PDU format is mandatory for all Release-7 UEs, and that the FMD RLC PDU and new MAC-hs PDU format can only be used together.
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