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1.
Introduction
The RLC PDU size is not directly configured. For UL, we rely on the TB size configured for the logical channel to determine what the size should be. It is required that only one size be provided for RBs using RLC AM.

It turns out that the same thing cannot be done for DL because TB sizes are not identified per logical channel but rather only per TrCH. In the case of common channels, since all logical channels are mapped to all transport channels, this is even more severe as it implies that it is impossible to isolate the size used by any given logical channel. 

At the time when the logical channel specific TB sizes were introduced it was assumed that for DL UTRAN could decide on its own what size to use for each logical channel and that the UE would simply handle whatever was sent down. 

Therefore, except for particular cases, it cannot be assumed that the UE will know what RLC PDU size is being used in the downlink. However, there is specific required behavior associated to the RLC PDU size:

· UE buffer size calculation is done based on the PDU size

· RLC AM entities should be re-established when the PDU size is changed

· RLC UM entities should use the LI size corresponding to the largest PDU size that could be used
In this document we provide some background and propose distinct solutions for R’99 and Rel-5.
2.
Background

2.1
Current Implementations
From offline discussions it appears that most UE vendors rely on the size of the first PDU received on the DL to establish the RLC PDU size being used. 
This approach addresses the initialization of RLC AM entities. It does not however address the issue of the LI size in RLC UM or the case of PDU size change. There are no procedures in place to address whether the RLC entity should be re-established or not, and if so, how the HFN should be updated.
2.2
Problem Scenarios
In the case of R’99 there does not seem to be any compelling reasons to support the change of PDU sizes. However, there are obvious holes in terms of specifying how the UE should determine the PDU size for the purposes outlined above.

In Rel-5 however, there are compelling reasons for supporting the 640bit PDU size on the HS-DSCH. This size may only be used in the coverage area supporting HSDPA. Once the UE leaves this area it would need to change to using the 320bit PDU size.
An additional case that should be handled is the possibility of not supporting the 640bit PDU size on FACH, even inside the HSDPA coverage. This may be done initially in order to ensure backward compatibility of early R’99 UEs which were not tested with the 640bit PDU size. 

In that case, HSDPA UEs could be taken directly from CELL_PCH to CELL_DCH, or if they are maintained in CELL_FACH they would not have any DTCH activity since 640bit PDUs could not be transmitted on FACH.

3.
Proposal
4.1
R’99/Rel-4

As explained above, for R’99/Rel-4 there does not seem to be any scenarios in which a change of PDU size would be required during the life-time of a call. Therefore, it proposed to not introduce comprehensive support for RLC PDU size change.

RLC AM PDU size change

It is proposed to disallow the change of RLC PDU size and to align the spec with the current understanding of the group. The UE behaviour would be unspecified if it received PDUs of different sizes on the DL.

As a corollary of this decision, we suggest to also change the MAC spec to clarify that the use of the U-RNTI on the downlink is only meant for SRB1. Currently it is allowed to use the U-RNTI for any SRB carrying DCCH. For SRBs 2, 3 and 4 this would in essence require a change in the RLC PDU size. 

RLC PDU size initialization

It is proposed to state explicitly that the UE needs to rely on the reception of the first RLC PDU to determine the PDU size. As a corollary, we should also eliminate any mention of using the TB sizes configured by RRC to determine the DL RLC PDU size.
RLC UM LI size

On the RLC UM LI size, we can see two alternatives. The first is to mandate that the UE always use the single byte LI. This would essentially preclude the use of RLC UM with PDU sizes larger than 125Bytes (1000bits). This does not constitute much of a loss as there are no RABs defined or in the pipeline using such sizes. The second alternative would be to state explicitly that the UE will use all the RLC PDU sizes configured on the DL in order to determine the LI length for RLC-UM.
We would suggest going with the first one, i.e. only support the 7 bit LI for RLC UM.

4.2
Rel-5

As explained above, for Rel'5 we will need to support RLC PDU size changes, if only for the re-configuration between HS-DSCH and DCH.

There are essentially two classes of solutions. The first is based on RRC signalling (L3 based) and the second is based on the size of received RLC PDUs (L2 based). Below we are going to go through each of these two alternatives and propose a way forward.
Based on RRC signalling
To us this would be the cleanest solution, as re-configurations should be handled at Layer 3. Note that this is essentially what is already in place for uplink RLC size reconfigurations. 

In theory, we could modify the RB Mapping Info IE in order to introduce for DL the same information as is currently used for the UL, i.e. the indices of the RLC sizes included in the TFS that are applicable for each RB. The problem with this approach is that for common channels the S-RNC does not necessarily know how the C-RNC (which could be different) may have configured the TFS. Also, the S-CCPCH structure is not the same as for the RACH, making it difficult to assume that the same RLC PDU sizes will be configured for all FACH TrCHs as they would be for all PRACHs on UL.
Instead of this approach, we propose to explicitly signal the RLC PDU size for AM bearers. This parameter is indeed under the full control of the S-RNC and does not depend on the C-RNC configuration. From a signalling standpoint it is not as efficient because it requires the signalling of the PDU size (10bits or so) twice. However it does remove any interaction between S-RNC and C-RNC. This information could be included in the RLC info IE. We therefore propose to introduce support for the 15bit LI in downlink UM by adding one more bit in the RLC info to indicate which LI size to use.

Of course, as with the current procedures for UL we would need to rely on the START values to re-synchronize the HFNs.

Based on RLC PDU size
As explained above, it seems to be the common understanding that this method is currently used on the DL to determine the PDU size after bearer establishment. However, the use for re-configurations would be a whole different matter.

The current specifications assume that when the RLC AM PDU size is changed, the RLC entity should be re-established. The main reason for this is that after a PDU size change, it might not be possible to re-transmit PDUs using the old size and sitting in the re-transmission buffer because of MAC or physical layer constraints. The handling of multiple different PDU sizes may also have impacts on the receiving entity memory management. However, in theory it is not strictly necessary to require re-establishment during size change. 

With re-establishment

If we stick to the assumption that the RLC entity should be re-established, it may be quite difficult to preserve HFN synchronization during L2 based re-configurations. Indeed, maintaining HFN synchronization requires that peer entities have the same "highest" HFN, both in UL and DL at the time the re-establishment takes place. UTRAN could try to only perform re-configurations when the SNs are far from the roll-over point. However, in certain circumstances it may not have the possibility to time the re-configuration. For example, in CELL_FACH UEs perform cell reselection unilaterally. Once for example the UE re-selects to a cell that does not support the transmission of the old PDU size (e.g. 640bits), UTRAN will be stuck with performing the re-configuration at that SN. 
Furthermore, given that this procedure does not include a three way handshake, there may be circumstances in which the UTRAN would have a very hard time figuring out when the re-establishment has actually taken place. Indeed, if only the DL PDU size is changed, it may be difficult for UTRAN to know which UL PDUs correspond to before and after the re-establishment. This problem may be even more severe in HSDPA where the configured window sizes are expected to be pretty large.

These problems could be mitigated by separating UL and DL re-establishment. Indeed, there does not appear to be any particular incentive for re-establishing both if only the DL PDU size is changed. This would eliminate the interactions between UL and DL, but would still not address the inability of UTRAN to plan the re-configuration.

Without re-establishment

The other alternative would be to not perform re-establishment at all during DL PDU size changes. The transmitter could simply discard the PDUs with the old PDU size and use the MRW procedure to update the receiver state accordingly. This would eliminate the problem of scheduling the PDUs with the old size. However, it would not directly address the issue of memory management at the receiver, as there would still be circumstances where the UE would need to have PDUs of both sizes in its buffers (e.g. if the MRW command is lost).

Such a solution would eliminate any HFN de-synchronization concerns as there would not be a need to increment HFN values independently at the two peer entities.
Proposal

Although the Layer 2 based solution without RLC re-establishment would probably be the solution requiring the fewer changes, it does not address a number of items that we feel are significant:
· Not possible for UE to reject the configuration.
· Difficult to manage the buffers.

· Departure from the current underlying assumption that PDU size changes always require re-establishment.

· Departure from the assumption that Layer 3 manages the configuration (this may come back to haunt us later on).

We feel that the Layer 3 based re-configuration is cleaner and addresses all of the current scenarios as well as providing better forward compatibility prospects.

4.
Proposal

In the sections above, we lay out the basic problem that exists in our specs. We provide a number of scenarios that need to be addressed and we propose a way forward for R’99/Rel-4 and for Rel-5. The CRs implementing these proposals are included in [1], [2], [3], [4] and [5]. 

It is proposed to discuss the problem and to consider agreeing on the proposed CRs as the way forward.
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