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Considerations on L2 protocol enhancements in HSPA evolution
1 Introduction

This document provides some rationale for the evolution of L2 in the context of HSPA. It also offers some framework guidelines for agreement. 
2 Discussion

Two of the areas of improvement under the HSPA Evolution SI are higher bit rates and capacity enhancements.

Generally, when talking about bit rates one must consider the parameterisation of L2 (MAC/RLC). This parameterisation takes into account the L2 memory available, the maximum RLC window size supported and the RLC Round-trip-time.
In very simple terms it’s easy to see why higher bit rates would affect the RLC RTT – as the number of transmitted PDUs increase, the RLC transmission window will advance itself faster and receiver will generate more ACK/NACKs. Therefore, there has been a drive from R99 to Rel-6 to keep the L2 RTT in a reasonable value, to avoid RLC window to stall and to minimise UL interference and noise rise.
The compromise so far has been achieved with an increased RLC PDU size, and this has been indeed sufficient. However, this poses a problem for our work in evolving HSPA. Any inefficiency currently in MAC/RLC will be magnified according to the bit rate used. Considering the rates being discussed in HSPA evolution by the various schemes being proposed (e.g. MIMO, 64QAM), this means that the L2 overhead will, in absolute terms, be significantly increased. This issue has also been debated in both [1] and [2].
In table 1 we show some examples of the Rel-6 L2 overhead for a 1500 byte RLC SDU.

	RLC SDU Size (bytes)
	PDUSize
	RLC Padding (bits)
	RLC PDUs (bits)
	MAC-hs PDU Size
	L2 Overhead (bits)
	L2 Overhead (%)

	1500
	320
	160
	12768
	12943
	943
	7.86

	1500
	640
	160
	12464
	12488
	488
	4.07

	1500
	960
	480
	12688
	12713
	713
	5.94

	1500
	1024
	288
	12480
	12713
	713
	5.94

	1500
	1296
	960
	13120
	13177
	1177
	9.81


Table 1 – Rel-6 L2 overhead
We consider this inefficiency to dampen the performance of an HSPA evolved system when peak data rates are increased from Rel6 and therefore propose to revisit the RLC operation.
Proposal 1: Consider flexible sizes in RLC-AM for HSPA evolution.
HSPA+ higher bit rate schemes have further implications to the L2 overhead if the link adaption and minimum bit rates are considered.
If we were to continue to use the current Rel-6 MAC/RLC, the granularity provided by the necessary bigger PDU sizes would cause the link adaptation to be inefficient as e.g. RLC PDU size of 1296 bits  would imply that HS-DSCH bitrate can be adjusted in steps of 648 kbps. In addition, if separate MAC-hs transport bloc is generated for each MiMo stream, the bit rate of each stream can only be adjusted by this granularity..

Moreover, the minimum rate allowed by the these bigger RLC PDU sizes may pose a problem depending on the cell coverage being considered. With above assumptions  a HS-DSCH stream would have minimum L1 cell edge rate of approximately 640 kbps (218kbps effective, assuming 2 HARQ re-transmissions). 
A flexi-RLC (as proposal 1) alone could potentially address these issues. However, we feel this would be a sub-optimal method for the following reasons: 

a) the RNC would need to continuously adapt the PDU sizes (slow)

b) due to a) RLC PDU re-transmissions may suffer from non-ideal PDU sizes 

c) due to b) too wide margins would have to be considered in the PDU size control (inefficient)

A more suitable solution would be to have segmentation at the MAC-hs, where the RLC PDUs could be segmented. This would allow the RLC PDUs to be increased significantly, thus allowing minimal overhead, whilst allowing a suitable link adaptation method.
The maximum size of RLC PDUs used would have to be a compromise between L2 overhead per SDU and the overhead of a potential RLC PDU re-transmission.

Proposal 2: Consider MAC-hs segmentation for HSPA Evolution.

These proposals will mean a significant re-work of an outdated L2. Therefore, the complexity of the scheme versus the benefit will need to be considered at every stage.

However, an HSPA+ L2 should be sufficiently efficient for the foreseeable future. The situation where smaller improvements would effectively create different iterated concepts (i.e. several re-designs) must be avoided. Otherwise, this will in practice mean a delayed deployment of the schemes until such time the L2 is ready to support them and is stable.

In addition, a collection of smaller or iterative improvements to L2 would generate legacy issues to be considered, thus implying more complexity to the standard.
Proposal 3: Have a single L2 concept for HSPA Evolution 

3 Proposal

Based on the discussion above, we propose to reflect the above proposals in the HSPA Evolution TR as shown below.
6.2.2
Requirements for the UTRA

a)
Changes that deliver higher spectrum efficiency should be considered, within the constraints specified in the section 8.

b)
Should reduce user plane latency to legacy (R5,6 & 7) & beyond R7 terminals. 

c)
Should reduce control plane latency to beyond R7 terminals and, if low complexity cost effective means can be found, also to legacy terminals.

d)
Should consider how to provide efficient QoS support for all traffic classes preferably in a manner that is backwards compatible with legacy terminals.

e)
Should consider changes that, where it makes sense, deliver benefits to legacy terminals as well as beyond R7 terminals.

f)
Any changes to the terminal should maximally build on the extensive developments and testing efforts of R5, 6 & 7, and should consider forwards compatibility for the foreseeable future.  
9.2 Layer 2 Enhancements
General description

HSPA Evolution is targeting both higher bit rates and spectrum efficiency. However, the current UTRA Layer 2 architecture is not optimised for bit rates higher than 14Mbps (e.g. MIMO, 64QAM). The problem stems from avoiding RLC window stalling and UL activity with increasing RLC PDU size. This rigidity in the Layer 2 protocol means that both link adaptation and cell coverage will be sub-optimal when higher bit rate schemes are being considered. The current Layer 2 overhead also poses a problem for the HSPA Evolved system efficiency.
RLC

The RLC protocol is evolved into supporting flexible PDU sizes. These can be configured up to a maximum that is a tradeoff between overhead of potential RLC PDU retransmissions and RLC PDU headers per RLC SDU.
MAC

The MAC-hs protocol is evolved into supporting RLC PDU segmentation.      
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