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1
Introduction

This paper discusses certain limitations that have been found in the RLC protocol using the "Out of Sequence SDU Delivery" (OSD) feature (Rel-6).

The feature is defined as a generally available feature in RLC unacknowledged mode. However, the purpose in Rel-6 is specifically intended for the MCCH, where OSD is used to enable the UE to combine RLC PDUs from different repetition periods in order to reconstruct the complete sequence of RLC SDUs transmitted from the network during a modification period.

It has generally been assumed that the RLC UMD sequence number range (0 to 127) allows an OSD Window Size of up to half the total range of the RLC sequence number (SN) to be applied. However, an analysis of the operation of the protocol seems to indicate that this is not true. In order to be sure not to confuse the order of the received RLC PDUs, the OSD Window Size needs to be restricted to something more like one third of the total SN range, i.e., in the order of 40 to 48 RLC PDUs.

2
Discussion

The limitation mentioned in the introduction is due to the need for a protection against SN wrap around during periods where RLC PDUs are transmitted, but not correctly received by the receiving entity. The mechanism deployed for that protection when using the OSD feature is a timer, i.e., the OSD Timer. On MCCH, the OSD Timer is specified with a value equal to the length of one modification period.

The OSD Timer is restarted every time the OSD storage window is advanced, i.e., each time an RLC PDU ahead of the current storage window (SN > VR(UOH)) is received. In this case, the receiver state variable VR(UOH) is assigned the value of SN (thereby advancing the OSD storage window) and the OSD Timer is restarted.

If no RLC PDUs ahead of the current storage window are received, the OSD Timer will expire, which causes the storage buffer to be cleared. In that way, it is prevented that an SN wrap around causes the reordering of the RLC PDUs to be confused. In that respect, it is the responsibility of the transmitting entity not to advance the transmitted SN faster than the total SN range minus the OSD Window size within a time equal to the duration of the OSD Timer. For that purpose, a note has been included in TS 25.322, subclause 11.2.3.2 (cf., extract in table 1 below).

Table 1: Extract from TS 25.322, sub-clause 11.2.3.2

	NOTE 1:
When configured for out of sequence SDU delivery the transmitter shall not, following transmission of a PDU with sequence number SN, including retransmissions, permit VT(US) to advance beyond 128 + SN ( OSD_Window_Size within a time equal to the duration of Timer_OSD.


There are certain concerns about the precise wording of the note in the extract above. There is potentially also a small error, see the attached CR below. However, the general implication of the note is correct.

The problem that might occur could be illustrated by the example given in table 2 below. In this example, an OSD Window Size of 48 is assumed. In the first modification period, the PDUs ranging from SN = 0 to 47 are transmitted. In the next modification period, the PDUs ranging from SN = 48 to 95 are transmitted. Etc.

Table 2: Example of SN utilisation on MCCH

	MP 1
	MP 2
	MP 3

	RP 1.1
	RP 1.2
	RP 2.1
	RP 2.2
	RP 3.1
	RP 3.2

	…
	SN = 0…47
	SN = 48…95
	…
	SN = 96…15
	…


If the sequence numbers in the example are analysed, it can be seen that the restriction implied by the NOTE 1 from 25.322, sub-clause 11.2.3.2 is violated. In the repetition period RP 1.2 the SN = 0 is transmitted. If the OSD Window Size = 48 is used, according to the NOTE 1, the transmitter should not advance the transmitter state variable VT (US) to advance beyond SN = 80 (128 + 0 ( 48) within a time equal to the duration of the OSD Timer. Effectively, that prevents the transmission of SN = 80 to 95 in the second modification period and, in particular, during the repetition period RP 2.1. As we can see from the example, it is not possible to fully utilise an OSD Window Size = 48, if the NOTE 1 shall be obeyed.

(In fact, the transmission of SN = 80 in the example is not a problem. There is a small error in the NOTE 1. However, the transmitter should not advance the transmission beyond SN = 80, i.e., beyond VT(US) = 81, during the second modification period.)

As a justification of the NOTE 1, it is interesting to see what could happen in this example. Assume, for instance, that the UE receives the PDU with SN = 5. That PDU is received the first time in RP 1.2. No PDUs with SN > 5 are correctly received during MP 1. Consequently, when the UE enters MP 2, the OSD Timer is running and it will not expire before RP 2.2. The receiver state variable VR(UOH) = 5. According to the specification, the OSD storage window ranges from SN = 86 to 5 (modulo 128). Assume then, for instance, that the first PDU that is correctly received during RP 2.1 is the PDU with SN = 89. According to the specification, that PDU is then within the OSD storage window. It will thus be treated by the receiving entity as a repetition of something that was originally transmitted before the PDUs in MP 1. The OSD storage window will not be advanced and the OSD Timer will continue to run (not restarted). This is clearly an error, although the exact consequences could be somewhat hard to predict.

From this example, it is clear that the NOTE 1 is justified, if a safe operation of the OSD feature shall be achieved. The implication for the transmitter is also clear: it is not possible to advance the SN more than about one third of the total SN range during each modification period, otherwise it is possible that the SN wraps around and re-enters the SN range of the OSD storage window "from behind", before the OSD Timer may expire.

The OSD Window Size can be selected slightly higher than one third of the total SN range. A value of 48 is possible to use. However, the configured OSD Window Size has to be considered when the transmitter determines the rate of SN advancements. With the use of a larger OSD Window Size, the rate of the SN advancements is even further restricted.

3
Potential enhancements

There seems to be no obvious solution of this problem entirely within the RLC layer, except maybe extending the total SN range. However, extending the SN range would increase the RLC overhead, which is already rather high on MCCH.

One way to circumvent the problem could be to synchronise the RLC operation with the physical layer and force a flush of the OSD storage buffer at every boundary between repetition periods. Effectively that would allow the full SN range to be used during each modification period. In that way, a three-fold increase of the OSD capacity would be achieved. The OSD timer would also be unnecessary and could be removed from the protocol. 

The problem with this kind of solution is that it creates a strong dependency between the protocol layers, which is unfortunate and which needs to be specified in detail for the UE. The OSD feature would also be less useful for other potential applications than the transmission of the MCCH information.

4
Conclusion

It has been found that when using the OSD feature on MCCH as it is currently specified, the maximum number of RLC PDUs that can be transmitted during a modification period has to be restricted to about one third of the total SN range, i.e. less than about 40 to 48 PDUs per modification period, if a safe operation of the OSD feature shall be achieved.

In that respect, it should be noted that if a repetition period of 1.28 s and a TTI = 40 ms are used, there are at most 32 RLC PDUs transmitted within a repetition period. A few of those could contain Access Information. Those are not repeated within the modification period. Consequently, the SN could advance somewhat more than 32 RLC PDUs during the modification period. Nevertheless, this configuration of the MCCH seems to fit within the current limitation. However, with other configurations of the repetition period and the TTI, the limitation discussed in this paper could prevent a continuous transmission of RLC PDUs on the MCCH.

There seems to be no simple solution of the problem entirely within the RLC protocol layer. A potential solution exists, if the operation of the OSD storage buffer is synchronised with the boundaries between modification periods (as determined by the frame numbering at the physical layer).

The RAN2 is kindly asked to consider whether the current limitation of the RLC OSD feature is acceptable, or if measures are needed to enhance the RLC OSD feature.

5
Attachment

A draft CR to 25.322 is attached, proposing a few clarifications of the text in sub-clause 11.2.3.2 specifying the "Out of sequence SDU delivery" feature. Those clarifications are essentially independent of the discussion in this paper; however, they seem to be needed in order to fully understand the limitations of the feature.

3GPP TSG-RAN WG2 Meeting #47
Tdoc (R2-051376

Athens, Greece, 9 – 13 May 2005

	CR-Form-v7.1

	CHANGE REQUEST

	

	(
	25.322
	CR
	CRNum
	(
rev
	-
	(
Current version:
	6.3.0
	(

	

	For HELP on using this form, see bottom of this page or look at the pop-up text over the ( symbols.

	


	Proposed change affects:
(
	UICC apps(
	
	ME
	X
	Radio Access Network
	X
	Core Network
	


	

	Title:
(
	Clarification of the "Out of sequence SDU delivery"

	
	

	Source:
(
	Ericsson

	
	

	Work item code:
(
	MBMS-RAN
	
	Date: (
	04/05/2005

	
	
	
	
	

	Category:
(
	F
	
	Release: (
	Rel-6

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Ph2
(GSM Phase 2)
R96
(Release 1996)
R97
(Release 1997)
R98
(Release 1998)
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)

     Rel-7
(Release 7)



	
	

	Reason for change:
(
	The assignment of the value SN to VR(UOH) advancing the OSD storage window is not clearly specified.

The NOTE 1 does not clearly reflect that the retransmissions of a certain PDU need to be taken into account when determining the rate of SN advancements on the transmitting side. The NOTE 1 also contains a small error in the numerical expression restricting the advancement of VT(US).

	
	

	Summary of change:
(
	The assignment of the value SN to VR(UOH) is clarified.

The NOTE 1 is clarified and corrected.

	
	

	Consequences if 
(
not approved:
	If not approved, the assignment of the value SN to VR(UOH) is not clear.

The NOTE 1 can be misinterpreted.

	
	

	Clauses affected:
(
	11.2.3.2

	
	

	
	Y
	N
	
	

	Other specs
(
	
	X
	 Other core specifications
(
	

	affected:
	
	X
	 Test specifications
	

	
	
	X
	 O&M Specifications
	

	
	

	Other comments:
(
	


11.2.3.2
Out of sequence SDU delivery

To enable the recovery of SDUs from UMD PDUs that are received in different transmissions the receiving function shall store PDUs until all SDUs that are associated with the PDU can be reconstructed or until they are discarded in accordance with the procedures described below. SDUs are transferred to the upper layers as soon as all PDUs that contain the SDU (and any associated PDU containing the special "Length Indicator" "0000 000 or "0000 0000 0000 000") have been received.

Upon delivery of a set of UMD PDUs from the lower layer, the Receiver shall for each PDU (in the following SN denotes the sequence number of each PDU):

-
If the PDU is the first PDU received:

-
VR(UOH) shall be assigned the value SN-1.

-
if VR(UOH) > SN > VR(UOH) – OSD_Window_Size then:

-
if a PDU with sequence number SN is already stored:

-
discard the PDU;

-
else:

-
store the PDU in sequence number order.

-
else:

-
VR(UOH) shall be assigned the value SN, thereby advancing the storage window;

-
store the PDU in sequence number order;

-
remove from storage any PDUs whose sequence numbers, SN, are outside of the storage window VR(UOH) > SN > VR(UOH) – OSD_Window_Size;

-
if Timer_OSD is active then Timer_OSD shall be stopped;

-
Timer_OSD shall be started.

-
if PDU with sequence number SN was stored:

-
taking account of any consecutively numbered stored PDUs (with lower or higher indexes) and using the values of the "Length Indicators", if any, in each PDU:

-
re-assemble the PDUs into SDUs;

-
submit the RLC SDUs to upper layers through the UM-SAP;

-
remove from storage any PDUs for which all associated SDUs have been re-assembled. PDUs containing the special length indicators “0000 000”,  “0000 0000 0000 000” or "1111 1111 1111 011"should not be deleted unless SDUs associated with this length indicator have been recovered or will be capable of recovery. 

NOTE:
If PDUs are removed from storage after SDU recovery then retransmitted PDUs may result in the duplicate transfer of SDUs to the higher layers.

-
if Timer_OSD expires:

-
remove from storage all stored PDUs.
NOTE1:
When configured for out of sequence SDU delivery, following the transmission of a PDU with sequence number SN0, including the retransmissions of the PDU with sequence number SN0, the transmitter should not permit VT(US) to advance beyond 128 + SN0 ( OSD_Window_Size + 1 within a time equal to the duration of Timer_OSD. 

NOTE2:
The transmitter should not concatenate within a single PDU, SDUs or fractions of SDUs that contain MBMS Access Information messages with SDUs or fractions of SDUs that contain other MCCH message types.
