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Considerations on LLC Unack mode improvements
Due to strict delay requirements, streaming services will probably need to operate in LLC unack mode. The drawback of this solution is that LLC unack mode is unable to cope with the packet losses that may happen during cell changes involving Routing Area Updates or BSC changes. 

Though, introducing some mechanism that offers the possibility to resume the transmission, in the new cell, from the first frame that could not be transmitted in the old cell, LLC unack mode may still provide good results, as shown in [1].

Some possible solutions have already been outlined in [2] and [3]. In the following, some considerations about the suggested improvements as well as some new proposal are presented.

1. Loss-less strategies

In [2,3] a “packet recovery” mechanism that is able to cope with packet loss at cell changes is outlined. The basic idea is that unsent LL-PDUs could be sent back to the SGSN (as part of the FLUSH ACK message) so that they can be resent to the new cell (belonging to a different RA/BSC). This can be seen as an extension of the BSC internal re-routing mechanism, which is currently possible for intra-RA, intra-NSE cell changes (even inter-NSE if “Inter-NSE re-routing” is supported).
Anyway, there are some major concerns with this approach:

· Extra traffic on the Gb interface towards the SGSN (to resend LL-PDUs back to the SGSN)

· how is the buffer with the unsent LL-PDUs transferred back to SGSN? even if there is only a comparatively low number of LL-PDUs in the BSS buffer, it doesn’t seem a feasible solution to simply attach these PDUs to the FLUSH Ack message (streaming LLC PDUs usually are long) 

· what happens in case the RA changes? normally during RAU security functions (with re-negotiation of ciphering) are performed before the data transfer is resumed; does the SGSN then de-cipher the received LLC-PDUs with the 'old' ciphering key and apply the new ciphering before sending the LLC-PDUs out to the new BSS? (a similar problem may exist with compression in case of inter-SGSN cell changes). 

Therefore, a few alternative proposals have been investigated.

· Solution 1 “BSC-controlled LLC restart”

Instead of actually transmitting unsent LL-PDUs back to the SGSN, the BSS could simply send an indication about the “first unsent UI frame” as a new IE of the FLUSH ACK message [4]. More precisely, if the BSC is able to internally re-route the LL-PDUs (i.e. for intra-RA, intra-NSE case) it will communicate to the SGSN that the PDUs were transferred, otherwise it will inform that the PDUs were deleted at the old BVCI (normal behaviour) together with the indication of the “first unsent UI frame” (proposed enhancement).

Table 1 outlines the proposed modifications to the FLUSH LL ACK PDU message.

Table 1: FLUSH LL ACK PDU content

	Information elements
	Type / Reference
	Presence
	Format
	Length

	PDU type
	PDU type/11.3.26
	M
	V
	1

	TLLI
	TLLI/11.3.35
	M
	TLV
	6

	Flush Action
	Flush Action/11.3.13
	M
	TLV
	3

	BVCI (new)
	BVCI/11.3.13
	C (note 1)
	TLV
	4

	Number of octets affected
	Number of octets affected/11.3.41
	M
	TLV
	5

	First  Unsent UI Frame
	First  Unsent UI Frame/ 11.3.xx
	C (note 3)
	TLV
	1?/2?

	NSEI (new)
	NSEI/11.3.48
	C (note 2)
	TLV
	4

	NOTE 1:
BVCI (new) is included only if Flush action indicated that LLC-PDUs are transferred.

NOTE 2:
NSEI (new) is included only if BVCI(new) is included and NSEI (new) is received in the FLUSH-LL PDU.

NOTE 3:
First  Unsent UI Frame is included only if Flush action indicated that LLC-PDUs are deleted at old BVCI


The further assumption is that the SGSN holds in memory the LLC frames also during LLC unack mode operation. If this is the case it will be able to resend, in the new cell, the buffered LLC frames that could not be transmitted in the old one (eventually applying the new ciphering if the RA is changed).

The LLC frames should be stored for a time comparable to the negotiated “transfer delay” (there is no need to resend LL-PDUs once the acceptable transfer delay has expired!). In other words: LLC frames should be first buffered and then removed either when a "transfer delay" timer expires or upon reception of the “first unsent UI frame” indication. Therefore the storage capability for a given streaming session would be in the order of “guaranteed bit rate” x “transfer delay”.

To deal with inter-SGSN cell changes, N-PDUs should be buffered as well (at SNDCP layer)! N-PDUs should be retained until LLC layer informs SNDCP that the corresponding LLC frames have been removed from the LLC buffer (e.g. due to “transfer delay” timer expiry or upon reception of the “first unsent UI frame” indication). In case of an inter-SGSN cell change, the old SGSN should forward all the unsent
 buffered N-PDUs to the new SGSN. (a clarification in 23.060 about Flush handling after SGSN Context Ack may be required: to reduce delay, the old-SGSN shouldn't wait for Flush Ack before forwarding N-PDUs to the new-SGSN).

Notice that, since the “First Unsent UI Frame“ should contain the LLC N(U) sequence number of the first unsent UI frame, this means that the BSC has to look inside the LLC header of incoming DL UNITDATA PDUs!

Pros:
- loss-less behavior (as for [2], but without the outlined drawbacks)


- inter-SGSN cell changes can be handled

Cons:
- needs buffering capability (at LLC&SNDCP layers) even in LLC ADM. PDUs should be retained in SNDCP&LLC buffers for a time period comparable to “transfer delay” only. The same mechanism used in LLC ABM to confirm the delivery of an L3-PDU would be needed (i.e. an LL-UNITDATA.confirm service primitive sent to SNDCP layer when some LLC frame is removed from the buffer)

- the BSS has to “learn” the LLC protocol (it adds a sort of LLE Transit entity)

· Solution 2.1 “MS-controlled LLC restart”

As regards SGSN impacts, solution 2 is very similar to the first one. In this case it is the MS that informs the SGSN about the status of LLC receiver by including the indication of the “Last Received UI Frame” when performing Cell Updates / Routing Area Updates. 

After receiving such information, the SGSN will send the FLUSH message to the old BVCI. If it will be informed (by the FLUSH ACK) that LL-PDUs were transferred, it will neglect the information coming from the mobile, otherwise it will start transmitting towards the new BVCI starting from “Last Received UI Frame”+1.

This solution moves any impact from the BSS to the MS, and could be more accurate
. In this case, the MS provides a sort of acknowledgement, with the difference that it provides information only on the last received frame (and not on the frames possibly lost in between) so that no (possibly useless) retransmission is performed. In this way the LLC frames transmission can be resumed exactly from where it was suspended in the old cell. 

The procedure to handle inter-SGSN cell changes would be slightly different (with respect to solution 1). In such cases, the new SGSN should first send the information about the “Last Received UI Frame” back to the old SGSN, so that it would be able to re-route all (and only!) the needed N-PDUs to the new SGSN. 

Pros:
- same as solution 1 (since it is MS-controlled, the procedure could be even more accurate)

- no need for the BSS to “learn” the LLC protocol

Cons:
- there is still the need for some buffering capability (at LLC&SNDCP layers) even in LLC ADM. PDUs should be retained for a time comparable to “transfer delay” only. Interactions between LLC and SNDCP would be needed to confirm the delivery of N-PDUs (as in solution 1) 

- handling of inter-SGSN cell changes is slightly more involved
· Solution 2.2 “MS-controlled SNDCP restart”

In a modified version of the previous proposal, the MS sends the indication of the “Last Received N-PDU sequence number” when performing Cell Updates / Routing Area Updates.

Notice that this is similar to the procedure used in Ack mode during RAUs
. In this case the information should be transferred:

1. even during Cell Updates

2. in the RAU-request rather than in the RAU-complete message, in order to speed up DL data transmission during RAUs (see also [5])

Pros:
- same as solution 2.1 +

- LLC Unack mode does not need to be changed! Buffering has to be provided at SNDCP layer only (N-PDUs should be stored for a time period comparable to the “transfer delay” only)

- Inter-SGSN cell changes could be easily handled. The procedure foreseen for LLC Ack mode could be reused. The new SGSN retrieves all the N-PDUs buffered at the old SGSN and then starts the transmission in the new cell from the “Last Received N-PDU sequence number”.
Cons: 
- modifications to Cell Update procedure with inclusion of “SNDCP related” information

- buffering at SNDCP (for LLC ADM) still needed. Furthermore SNDCP should be modified: the functionalities foreseen during (inter-SGSN) Routing Area Updates should be re-used during normal Cell Updates (in a sense, SNDCP plays the role of LLC in this case) 

· Solution 2.3 “MS-controlled LLC/SNDCP restart”

This is a mix of solutions 2.1 and 2.2. 

During Cell Updates, the LLC information “Last Received UI Frame” is sent to the SGSN, while, during Routing Area Updates, the MS informs the SGSN about the SNDCP status indicating the “Last Received N-PDU sequence number”.

Pros:
- same as solution 2.1 (i.e. loss-less behavior + no impact on BSS) +

- easy handling of inter-SGSN cell changes . The procedure foreseen for LLC Ack mode can be reused (as for solution 2.2).

- no inclusion of SNDCP information in Cell Updates

Cons:
- buffering at LLC and SNDCP layers (for LLC ADM) still needed. Interactions between LLC and SNDCP would be needed to confirm the delivery of N-PDUs (as in solution 1 and 2.1) 
2.  Suspend/Resume procedure

An alternative solution to reduce packet loss at (inter-BSS) cell re-selection is outlined in [3]. The idea is that “when the BSS detects that the MS (in CCN mode) is planning to make a cell change to a cell in another BSS, it will send a BSSGP suspend command (new message) to the SGSN. The SGSN will then temporarily stop the downlink transmission of LLC PDUs on the Gb interface. The BSS then has time to finish all downlink LLC PDUs it has in its buffer for that particular MS. When the buffer is empty the BSS can let the MS go to the target cell (either automatically or by sending a PCCO). When the MS enters the target cell it will perform a cell update. The cell update will be considered as an implicit resume to the SGSN and it then will start the downlink transmission in the target cell”.
To be effective, the suggested BSSGP suspend/resume procedure should imply some buffering capability during the “suspend” phase. LLC PDUs should be buffered in an un-ciphered way, in order to eventually apply a new ciphering, e.g. if the RA is changed after the resume command. Therefore, from a logical point of view, buffering should be performed (at least) at LLC layer. In fact, to deal with inter-SGSN cell changes, N-PDUs should be buffered!

Again, to avoid – after the resume procedure - the possible transmission of already “expired” N-PDUs, these should be retained in memory in any case only for a “transfer delay” time period.

Therefore, the outlined “loss-less” strategies and the “BSSGP suspend/resume” procedure described in [3] don’t look too different in terms of impacts on the SGSN, at least as regards the SNDCP layer (as already noticed, only solution 2.2 may require significant changes to the SNDCP layer). In all the cases some N-PDUs buffering capability (in LLC ADM) is needed: throughout the packet session for solutions outlined in section 1, only during “suspend” phase for the latter proposal. In any case the amount of memory per session is the same (i.e. in the order of “guaranteed bit rate” x “transfer delay”), though used less frequently in the suspend/resume procedure case.

If the BSSGP suspend/resume procedure is used, it should be clearly stated that, during the “suspend” phase, PDUs must be buffered at the SGSN, at SNDCP layer (i.e. N-PDUs should be buffered) if inter-SGSN cell changes must be handled.

Pros:
- This is felt as an intermediate, less complex procedure (compared to the “loss-less” ones). No impacts on the LLC layer

- easy handling of inter-SGSN cell changes . The procedure foreseen for LLC Ack mode can be reused (as for solutions 2.2 & 2.3).

Cons:
- this cannot be considered as a loss-less procedure because it cannot be assured - under all circumstances - that BSS buffer can be emptied before sending the PCCO

- cell change failure handling is ffs

- buffering at SNDCP (for LLC ADM) still needed. In any case N-PDUs should be stored for a “transfer delay” time period only.

3. Concluding remarks

A few alternative proposals have been presented to enable LLC unack mode to cope with packet loss at cell change. Any of them requires some buffering capabilities at the SGSN even when using LLC Unack mode. 

The Suspend/Resume procedure may require less changes to currentimplementations, and could be considered as the first option to improve LLC Unack mode behaviour during cell changes. Nevertheless, the issue regarding the BSS buffer to be emptied (before sending the PCCO) requires further investigations.

From performance point of view, loss-less procedures may provide better results. If one of these strategies is needed, the most straightforward seems solution 2.3 since it re-uses most of currently available procedures (i.e. it re-uses the “useful” features foreseen for LLC Ack mode).

All the proposals could be useful even for non-real time services. Anyway, since the SGSN knows the Traffic Class of a given service, it may decide to use the proposed enhancement (and therefore buffer N-PDUs) accordingly: it should always use it for streaming services, while it could optionally use it for non-real time services (e.g. if there is enough memory available).
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� if the “first unsent UI frame” corresponds to a segment of a N-PDU (and it is not the first one!), it is ffs whether such N-PDU should be forwarded to the new SGSN. 


� It is not guaranteed that the “First Unsent UI Frame” coincides with the “Last Received UI Frame”+1. In other words, it is not guaranteed that the “last sent UI frame” at the BSS coincides with the “Last Received UI Frame” at the MS! This depends on:


how the BSS determines the “First Unsent UI Frame” (i.e. if upon RLC acknowledgements, or simply looking at the first not-yet-segmented LLC frame in the BSS buffer)


the possible mismatch between the last RLC acknowledgement sent by the MS (in the PDA/N) and what is effectively received at the MS when the PCCO is received.


� If the procedure for Ack mode is re-used, probably it will not be possible to exchange the whole "12 bits" N-PDU sequence numbers (used in Unack mode). This is not a big issue: exchanging the 8 less-significant bits would be enough.








