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1. Introduction

In this contribution we provide a high level overview of how one can think of modelling RLC. In WCDMA, three RLC modes had been designed (TM, UM and AM), each for different services and usages.

In LTE, we propose to avoid discussing of RLC modes at the start and instead discuss which functions are needed for which services. RAN2 may finally decide to have modes as in WCDMA but it would be a conclusion rather than a starting point.
In this contribution we start by listing the RLC functions and analyze how these functions may be used by the different services that are carried by RLC. We then propose to qualify RLC functions depending on the supported services.
2. Discussion
2.1. Analysis of RLC Services and Functions
The main services and functions of the RLC sublayer as listed in [1] include:
1. Transfer of upper layer PDUs supporting AM or UM;

2. TM data transfer;

3. Error Correction through ARQ (CRC check provided by the physical layer, in other words no CRC needed at RLC level);

4. Segmentation according to the size of the TB: only if an RLC SDU does not fit entirely into the TB then the RLC SDU is segmented into variable sized RLC PDUs, which do not include any padding;

5. Re-segmentation of PDUs that need to be retransmitted: if a retransmitted PDU does not fit entirely into the new TB used for retransmission then the RLC PDU is re-segmented;

6. The number of re-segmentation is not limited;

7. Concatenation of SDUs for the same radio bearer;

8. In-sequence delivery of upper layer PDUs except at HO in the uplink;

9. Duplicate Detection;

10. Protocol error detection and recovery;

11. Flow Control between eNB and UE (FFS);

12. SDU discard;

13. Reset.
Let us revisit each of these functions and try to derive what are the impacts on the RLC header structure and sub-functions:

· 1 and 2: The separation of the different assumed modes of operation indicates that for a given RLC entity, it should not be possible to mix those different modes together.

· Impact on RLC header structure: RLC mode type field isn’t needed in the header. We can assume the RLC mode is configured at the setup of the entity. This requirement seems to apply for any service.
· 3, 5, 6 and 9: If error correction needs to be supported, a number of RLC features have to be defined among which:

· Sequence Number: It can be large or small depending on the number of retransmissions that is expected.
· Status reporting (status reports, polling): this function seems to be required independently of the service. It should be noted however that functions other than error correction may use this function (for example: data forwarding at HO).
· SDU discard: This method could be attempt-based or timer-based. It should be noted that the function may be needed even in absence of error correction mechanism.
· 4: Segmentation requires the following:
· Length field: It can be large or small or even pre-defined depending on the expected size of the SDUs

· Sequence Number: It can be large or small depending on the number of retransmissions that is expected.

· 7: Concatenation requires the following:

· SDUs concatenation: this function may or may not be required depending on the type of service

· 8: In sequence delivery: Since PDCP performs in sequence delivery, it is questionable whether in sequence delivery is required or not at the RLC level.
· 12: SDU discard: This method could be attempt-based or timer-based. It should be noted that the function may be needed even in absence of error correction mechanism.

2.2. Characteristics of services carried by RLC
In the table below we list the different RLC functions identified above and how those would be configured for the main types of services carried by RLC:
	Entries
	BCCH(1)
Static/Dynamic
	Multicast
	VoIP
	RT Gaming
	IM
	Video calling
	Browsing
	Up/ Downloads

	Sequence Number
	No/Small
	Large
	Small
	Small
	Large
	Small
	Large
	Large

	Status reporting
	Errors
	No/No
	No
	?
	Yes
	Yes
	Yes
	Yes
	Yes

	
	Data Fwd
	No/No
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Length Field
	No/Large
	Large
	Small/Predefined
	Small
	Small
	Large
	Large
	Large

	SDU Concatenation
	No/Yes
	Yes
	Maybe
	Yes
	Yes
	Yes
	Yes
	Maybe

	SDU discard
	No/No
	No
	Timer-based
	Timer-based
	Timer-based
	?
	Attempt-based/Timer-based
	Attempt-based/Timer-based

	In-sequence delivery(2)
	?
	?
	?
	?
	?
	?
	?
	?


Table 1: RLC functions required by different services
(1): Transmission of BCCH on the static BCH should not require any form of RLC header or function however transmission of BCCH on the dynamic BCH may require the same RLC support as any other service.

(2): [1] states that in-sequence delivery is required from RLC at all time except HO whereas in-sequence delivery from PDCP is required at least during HO. Since an RLC SDU is a PDCP PDU which is also a PDCP SDU (no concatenation-segmentation is done at PDCP) we should be able to reconcile both functions.
2.3. Initial conclusions
The contents of table 1 would need to be discussed further in RAN2 to arrive to a conclusion however at this stage it is already possible to identify a few regions in the table (copied below) that can be characterized as follows:
Flexible RLC format: these services require RLC to be very flexible in terms of number of required retransmissions, incoming packet sizes… As a result, it is expected that the final RLC header format is large and the number of different configurations is large.
Optimized RLC format: these services offer some possibility to optimize a number of RLC header fields and limit the amount of different configurations. If enough commonality is found between the RLC header fields that can be optimized (Sequence Number, Length field…).

Fixed RLC format: these services are very specific and can be largely optimized.
	Entries
	BCCH(1)
Static/Dynamic
	Multicast
	VoIP
	RT Gaming
	IM
	Video calling
	Browsing
	Up/ Downloads

	Sequence Number
	No/Small
	Large
	Small
	Small
	Large
	Small
	Large
	Large

	Status reporting
	Errors
	No/No
	No
	?
	Yes
	Yes
	Yes
	Yes
	Yes

	
	Data Fwd
	No/No
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Length Field
	No/Large
	Large
	Small/Predefined
	Small
	Small
	Large
	Large
	Large

	SDU Concatenation
	No/Yes
	Yes
	Maybe
	Yes
	Yes
	Yes
	Yes
	Maybe

	SDU discard
	No/No
	No
	Timer-based
	Timer-based
	Timer-based
	?
	Attempt-based/Timer-based
	Attempt-based/Timer-based

	In-sequence delivery(2)
	?
	?
	?
	?
	?
	?
	?
	?


3. Conclusion

In this contribution we proposed a method to classify the different RLC functions and evaluate whether it is sensible to define RLC modes and what these modes would consist of. 
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