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1 
Introduction
A new Work Item has been opened on GERAN Physical Layer evolution ([1]), where one of the prime targets is a smooth evolutionary path. Two high-level papers presented so far ([2], [3]) considered Multi-Carrier GERAN as a potentially viable option in this direction. 

A multi-carrier architecture is being considered also in other standardization fora for similar reasons (e.g. see [4]). One evident aspect of such approach is that most of the changes can be confined to Layer 2 and above. 

While it is difficult to fully explore Layer 2 details until the Layer 1 is completely stable, this paper reviews some basic concepts of Layer 2 operations in a multi-carrier architecture. Section 2 outlines two architectural options, and identifies a preferred one. Section 3 provides further ideas to improve Layer 2 operations for the chosen option. Section 4 describes the impacts associated with such ideas.
2 
Layer 2 aspects of multi-link operations
It is assumed that the basic principle of a multi-carrier GERAN architecture would be to assign multiple carriers to a terminal in order to achieve higher downlink peak data rates and maybe reduced latency. 
As such, data associated with one higher layer flow will be transported on more than one carrier. However, this can take place with different levels of coordination at Layer 2:
1) Split of RLC and MAC. A common RLC buffer is maintained at the network side and at the terminal side, and is mapped over multiple carriers. 

2) Per-carrier RLC/MAC. Higher layer packets are distributed across carriers. Each carrier operates its own RLC/MAC entity independently from the other carriers.
The following table illustrates pictorially the two principles and lists the identified pros and cons. We use a two-carrier example for simplicity.
	Option 1: Split RLC/MAC
	Option 2: Per-carrier RLC/MAC
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	Cons

Artificial holes are created in the Rx buffer by the fact that transmissions & retransmissions proceed at different pace over the multiple carriers.
	Cons

Artificial holes are created also in this Option. However, they are created one layer up, i.e. at LLC, which will result in increased latency

	Pros

Missing packets (“holes”) are handled as close to the antenna as possible, with correspondent latency reduction.
The issue of artificial holes can be tacked by the introduction of a two-level sequence numbering schemes
	Pros

If one carrier is sensibly slower than the others, no effect exists on the other carriers.

	General comments

The existing protocol can be re-used to a good extent assuming a common power control across carriers is enforced
The Rx side maintains a common buffer, window size and IR management
	General comments

The Rx side maintains separate buffers, window sizes and IR per carrier

	Conclusion

Option 1 with a two-level sequence numbering scheme seems the best one


Table 1. Layer 2 architectural options for MC-GERAN
3 Multi-link RLC/MAC
3.1 Two-level sequence numbering scheme

As outlined in the previous section, the Split RLC/MAC architectural option appears preferable. Its main drawback is the artificial creation of additional disturbances in the stream of RLC sequence numbers, which could in turn confuse the receiver. In fact, the receiver would obviously be unable to distinguish between packets that have been corrupted over the air, and packets that are still in transit (e.g. in the MAC buffer of some other carrier).

The problem can be tackled with the introduction of a two-level sequence numbering scheme at the network side. This would mean that two sequence numbers are employed
· A per-carrier sequence number (link_seq) added to the packets sent on each of the multiple links
· The receiver uses link_seq to detect erasures and corrupted packets on that carrier
· The existing RLC/MAC sequence number (called sar_seq for simplicity) to indicate upper layer segmentation and reassembling

· The receiver uses sar_seq in order to reassemble upper layers packets from the RLC buffer
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Figure 1. Multi-link RLC/MAC for MC-GERAN operations
3.2 Length of the sequence numbers
Length of link_seq
· Needs to be long enough not to wrap-around during a burst of error on a carrier. 
Length of sar_seq:
· Needs to be long enough not to wrap around during a burst of error across the carriers
· Needs to be long enough to allow for the maximum “skew” across different links
3.3. Procedures

Receiver procedures
· Missing packets are identified as such from holes in the link_seq sequence 

· The receives communicates missing packets in the Packet Downlink Ack/nack identifying them with their link_seq number and the carrier they belong to

· Receive window procedures & Packet Downlink Ack/Nack format will have to be revised accordingly.
· The receiver reassembles frames out of the RLC buffer by using the sar_seq numbers.
Transmitter procedures
· The transmitter maintains the mapping of link_seq and sar_seq for each link.  
· The transmitter uses this mapping to determine retransmissions
4 Impacts
· MS impact
· New window size management, new buffer size management, new or modified ack/nack messaging. 
· Note that most if not all of such impacts would anyway be present in a multi-carrier GERAN architecture irrespective of the introduction of multi-link RLC/MAC
· BSS impact

· Limited impact in the per-carrier flow management and packetization.

· CN impact

· None

· Specification impact

· TS 44.060

5 Conclusions
This paper has sketched two architectural options for the Layer 2 of a multi-carrier GERAN system. One of the two options (“split RLC/MAC”) has been identified as better that the alternative one. 
Further, in order to overcome the main drawback of the split RLC/MAC options a new technique has been proposed, consisting in the introduction of a multi-link RLC/MAC concept with a two-level sequence number space.

While a number of aspects still need further investigation (e.g. window size management, buffer memory management, ack/nack format, etc), we believe that this high level description fits within the framework of a feasibility study, and as such is it proposed to capture it in the corresponding technical report ([5])
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