3GPP TSG-RAN WG2 meeting #55




R2-062955
October 9th – 13th 2006





Seoul, Korea
Agenda item:
4.2
Source: 
Qualcomm Europe
Title: 
RLC Improvements
Document for:

Discussion
1. Introduction
The inability of RLC AM to reach the highest configurable data rates that will be provided by the DL physical layer when MIMO (and potentially other techniques such as 64QAM) has been identified by many companies and different solutions have been proposed.
In this contribution we describe the approach we followed to find a solution and a possible solution. We further describe how one could operate with the proposed solution.
2. Discussion

2.1. Motivation
The RLC model as it exists today assumes that fixed sized RLC PDUs are created in the RNC and transported to the Node-B. In HSDPA, the scheduler residing in the Node-B transmits multiples of the RLC PDUs depending on the data rate available at the physical layer.

This model works well if the chosen PDU size is small enough to provide sufficient throughput to the edge of cell users and if the number of PDUs that can be transported in a single transmission ensures that very high burst data rates are achievable.
These conditions are realized in a REL5 or REL6 system where the maximum DL data rate cannot pass 14 Mbps. With MIMO and other techniques however it is envisioned that the peak data rate could approach 40 Mbps (for example MIMO with 64 QAM reaches 42 Mbps) at which point the current RLC model becomes quite cumbersome.
With typical assumptions of a 2047 RLC window size, a 100ms round trip delay between RLC and UE and a 40 Bytes RLC PDU size, an error less flow would sustain a maximum data rate of 2047*40*0.1*8 = 6.55 Mbps (13.1Mbps with 80 Byte PDUs). Those numbers are still a factor 3.2 below the 42 Mbps that can be provided by the physical layer (which assume 100ms RNC-UE RTT, an optimistic estimation).
One should note these estimations are only valid for the DL. On the UL side, the only proposal increasing the peak data rate (16 QAM) would increase from 5.76 to 11.52 Mbps. Since with today’s model, RLC can reach 13.1 Mbps we believe the current RLC model is still valid and thus changes are less critical. Other properties of some proposals (as enunciated in [1]) may however have benefits such as reduced processing load and lower overhead, and thus it may make sense to consider them for the UL as well.
2.2. Proposal
The proposal applies to the DL only and can be described as follows:
· RLC transmitter creates one RLC PDU adapted to the each incoming RLC SDU and forwards it to the Node-B

· For a DL flow of 1500 byte SDUs, this is equivalent to increasing the window size by a factor 1500/40 = 37.5 and reducing the RLC overhead from 5% to 0.13%

· RLC can operate in a “lite” mode where segmentation and concatenation isn’t needed

· RLC header format is unchanged

· MAC-hs transmitter concatenates small incoming MAC-d PDUs together (as today) and can potentially segment MAC-d PDUs which are too large to fit in a single MAC-hs PDU

· SID, N, F flags need to be updated to contain the exact size of the MAC-d PDU and an additional flag needs to be added to to indicate whether the MAC-d PDU is segmented or not (SF: Segment Flag)

· MAC-hs receiver reassembles reorders incoming PDUs (as today) and can potentially request a retransmission for a missing MAC-hs PDU. 

· Today’s reordering function can be re-used with extended window and T1 timer value to cover potential retransmission of missing MAC-hs PDU

· A retransmission timer can be added to allow MAC-hs receiver to request for a MAC-hs retransmission: HSUPA’s SI packet format can be re-used for that purpose.
· MAC-hs receiver reassembles re-ordered packets and forwards them to their respective RLC entities

· RLC receiver does not need to reassemble, incoming SDUs are forwarded to higher layers and missing PDUs are requested through existing mechanisms (RLC Nacks).

The proposal is illustrated below:
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Figure 1 Lite RLC with MAC-hs segmentation
2.3. Operation
In this subsection we describe how one can operate the proposed scheme.
As explained throughout the contribution the main issue addressed by the scheme is the inability of today’s RLC to handle the data rates promised in tomorrow’s HSPA evolution. This limitation exists in RLC AM and thus we propose to limit the changes to the acknowledged mode of RLC (the proposal is however compatible with UM as well).
We believe that this proposal addresses specific and identifiable traffic flows which can be treated separately and thus propose to configure RLC entities and MAC-hs priority queues such that:

· Only RLC entities operating in the “Lite” mode can be mapped to a MAC-hs priority queue capable of segmentation

· Other RLC entites can be mapped to regular legacy MAC-hs priority queues without interfering with this process

Further, the configuration of these flows can be performed at L3. Any reconfiguration to a “legacy” RLC AM can be handled with similar procedures as today (single-sided or double-sided re-establishment procedures) and with the same expected impact on retransmission and latency.
The proposed mode of operation is illustrated below:
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Figure 2: Operation of proposed scheme (vivid green)
3. Conclusion
A future-proof and robust mechanism has been presented to address the current RLC shortcoming with substantial benefits as listed below: 
· Fitting RLC SDUs in RLC PDU

· Effectively multiplies the achievable data rate for larger SDU sizes (factor 37.5 for 1500 bytes packets)

· Reduces the RLC overhead for larger SDU sizes (from 5% to 0.13%)

· Operating RLC in “lite” mode

· Reduced processing in both the RNC (no segmentation, addition of LI, concatenation) and the UE (no RLC reassembly, LI interpretation)

· Existing RLC procedures for providing reliability are maintained to cover scenarios where MAC-hs segmentation and retransmission isn’t sufficient (such as cell switching)

· MAC-hs segmentation

· Enables fitting physical layer rate to packet sizes

· MAC-hs retransmission request (MAC-hs NACK)

· Reduces reliance on RLC protocol for fast retransmissions

· Increases responsiveness of retransmissions: Node-B to UE RTT instead of RNC to UE RTT

· Reduces Iub traffic of small high priority packets (RLC Nacks and Acks)

We propose to discuss the merit of the proposed scheme and decide if it can be adopted as a way forward.
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