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Discussion & Decision
1
Introduction

Multimedia telephony configurations on HSUPA were introduced in 25.993 clauses 7.6.3 and 7.6.4 (see [1]90, CR 68 approved at RAN#31) and in 34.108 clause 6.10.2.4.6.6 (see [2] approved at RAN#32), with the following characteristics:

2> RLC-UM and multiple RLC PDU size, with 12 packet sizes ranging from 88 to 336 bits
3> minimum E-TFCI value specified in 25.993 (allows at least 1 RLC PDU of 336 bits)
4> usage of grants

· non-scheduled, with any value (as per a note in CR68 to 25.993)
· not specified (as per CR517 to 34.108)

With this configuration, we would like to discuss and clarify the intended/allowed UE behaviours with regards to segmentation of RLC SDUs into RLC PDUs.

2
Discussion

2.1
Text in specifications
2.1.1
Issue 1 : RLC segmentation and TB size

RLC-UM is specified in 25.322 as follows:
11.2.2.2
Submission of UMD PDUs to the lower layer

If one or more SDUs have been scheduled for transmission according to subclause 11.2.2, the Sender shall:

-
inform the lower layer of the number and size of SDUs scheduled for transmission;

-
segment, and if possible concatenate the SDUs according to the PDU sizes indicated by the lower layer (see subclause 9.2.2.9);
In 25.321, primitive description indicate that MAC indicates RLC PDU size to RLC, at every TTI:

MAC-STATUS-Ind/Resp:

-
MAC-STATUS-Ind primitive indicates to RLC for each logical channel the rate at which it may transfer data to MAC. Parameters are the number of PDUs that can be transferred in each transmission time interval and the PDU size; it is possible that MAC would use this primitive to indicate that it expects the current buffer occupancy of the addressed logical channel in order to provide for optimised TFC selection on transport channels with long transmission time interval. At the UE, MAC-STATUS-Ind primitive is also used to indicate from MAC to RLC that MAC has requested data transmission by PHY (i.e. PHY-DATA-REQ has been submitted, see Fig. 11.2.2.1), or that transmission of an RLC PDU on RACH has failed due to exceeded preamble ramping cycle counter.
This text does not specify how MAC determines the number of PDUs that can be transferred in each TTI and the PDU size.
Looking further into text for E-TFC selection, we find the following statements:

-
The data allocation shall maximize the transmission of higher priority data;

-
The amount of data and corresponding MAC-e/es headers from MAC-d flows for which non-scheduled grants were configured shall not exceed the value of the non-scheduled grant;

…

-
The E-TFC resulting in the smallest amount of padding for the selected MAC-es PDUs and corresponding MAC-e/es headers, shall be selected including the case when the Scheduling Information needs to be transmitted.
These statements could be interpreted as a requirement that impacts choice of a particular PDU size, however, this is not clearly specified.
2.1.2
Issue 2 : Scheduling information reporting

Scheduling information reporting is specified in 25.321:
9.2.5.3.2
Scheduling Information
-
Total E-DCH Buffer Status (TEBS):
The TEBS field identifies the total amount of data available across all logical channels for which reporting has been requested by the RRC and indicates the amount of data in number of bytes that is available for transmission and retransmission in RLC layer. When MAC is connected to an AM RLC entity, control PDUs to be transmitted and RLC PDUs outside the RLC Tx window shall also be included in the TEBS. RLC PDUs that have been transmitted but not negatively acknowledged by the peer entity shall not be included in the TEBS.

Total E-DCH Buffer status (TEBS) is calculated from amount of RLC PDU size. It contains RLC header and RLC padding implicitly. But in the case of variable RLC UMD PDU size configuration, it cannot be calculated exactly because UE does not know which RLC size to be used until E-TFC selection is completed. 
2.2
Possible interpretations

We see the following possibilities, in order to choose number and size of RLC PDUs in one TTI:
a. largest PDU size below selected E-TFC, in order to reduce unnecessary RLC header

b. smallest PDU size, in order to reduce MAC padding

c. largest value of ‘PDU size X number of PDUs’ below selected E-TFC, in order to maximise data
2.3 Scenarios

In 34.108, the possible PDU sizes are 88, 104, 136, 152, 168, 200, 216, 280, 288, 304, 336 bits.

2.3.1
Example 1

Supposing a UE has only 256 bits to send in one TTI, it could use either one RLC PDU with 280 bits payload (i.e. 296 bits of RLC PDU), two RLC PDUs with 136 bits payload (i.e. 304 bits of RLC PDU) or three 88 bits PDUs (i.e. 312 bits) . In this case, it is possible to prefer minimising RLC PDU size, i.e. one RLC PDU with 280 bits payload.

If UE has only 172 bits to send in one TTI, it could use either one RLC PDU with 200 bits payload (i.e. 216 bits of RLC PDU) or two RLC PDUs with 88 bits payload (i.e. 208 bits or RLC PDUs). Here, the difference is very small.
Conclusion 1: if data to transmit is below 336 bits, or if the grant is below 336 bits, there is little difference whatever UE choice, and options a. and b. perform equally well.
2.3.2
Example 2
Supposing UE has a lot of data in buffer, and the selected E-TFC is 569 bits.
UE could transmit one RLC PDU of payload 336 bits, two RLC PDUs of payload 216 bits (432 bits payload), three RLC PDUs of payload 152 bits (456 bits payload). Option a. result in sending only 336 bits, option b. result in sending 440 bits but with additional overhead of 4 RLC headers, and option c. allows to send 456 bits with additional overhead of 2 RLC headers, as illustrated below.
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RLC data          440         416       408        456      336        400         432        280       288       304       336  

RLC SDU size     88          104       136        152      168        200        216        280       288       304       336  

M A X     E T F C I  

569 bits  


Figure 1 : Possible RLC PDU size combinations for E-TFC 569 bits
Also, option c. has more complexity as the UE should evaluate several possibilities.
Conclusion 2: if data to transmit is above selected E-TFC, and above 336 bits, there can be a large difference in throughput according to UE implementations.

2.3
Inter working issues

2.3.1
UE does a, network expects c
If UE always uses largest TB size when segmentation is necessary, for certain grant values, less data will be sent than expected by the network.
In the case when non-scheduled grants are used, this will lead to a lower bit rate of the service than normally expected by the network, which may cause to poor service to the user and waste of radio resources. However, it is questionable whether the UTRAN really needs to configure non-scheduled flows with grant values which are not multiple of the maximum RLC PDU size.

In the case when scheduled grants are used, this will lead to less data transmitted in one TTI, so that there could be remaining data after allocation of a grant according to previously reported SI. At next reporting of SI, Node-B will provide additional grant, but some delay may occur in the data transmission.

Conclusion 3: if networks expects that UEs dynamically select TB size for RLC SDUs larger than 336 bits, bandwidth loss will occur for configurations with non-scheduled grants, or delay may occur for configuration with scheduled grants.
2.3.2
UE does b, network expects a
In this case, a fixed RLC overhead of 16 bits for 88 bits is used, though only 16 bits for 336 bits overhead would be possibly used. The additional overhead is around 13 %, which is rather significant.

Conclusion 4: if UE always uses minimum size in order to avoid MAC padding, 13 % bandwidth is wasted, especially for high data rate cases.
2.3.3
UE does c
This option may not be used for calculation of TEBS in scheduling information, because UE cannot obtain TB size before ETFC selection is completed. 
Supposing option a. is chosen to determine TEBS in the UE, if UE behaves for RLC segmentation according to option c., the reported TEBS may become inaccurate, as detailed below:
In the example 2 discussed above, UE evaluates RLC header with 336-bits RLC SDU but uses 152-bits RLC SDUs. Assuming a 500 bytes video packet comes in, if segmented into 12 336-bits RLC PDUs, the TEBS is 528 bytes, so UE reports TEBS index 15 (401 < TEBS ≤ 533).

But if the UE uses 152-bits RLC PDUs at every TTI, 27 152-bits RLC PDUs are used, i.e. amount of data sent is 567 bytes, which is significantly above UE buffer expected by the Node-B, just for one single IP packet.
In the worst case, the network may drop UE grants at the last packet, so that a full IP packet is delayed until another SI is sent.
Conclusion 5: if UE reports TEBS based on max RLC PDU size but selects RLC PDU size in order to optimise data transmission for certain grant values, reporting inaccuracy may cause significant delay.
3
Possible solutions
One possibility would be to require all UEs to behave as per option c, and report TEBS without RLC header size. However, as E-DCH specification has been stable for some time, it is questionable that all UEs will follow these requirements, so that the UTRAN should anyway try to take into account UEs behaving according to other options such as options a. or b.
We suggest to look at the severity of each issue, and how UTRAN can restrict RB configurations mapped to E-DCH channels in order to remove or limit the effects described in the previous section.
3.1
Non-scheduled flows

For the case of non-scheduled data, the grant size is fixed by the RNC, which can also configure the RLC PDU sizes. If the RNC wishes to change the non-scheduled grant, it can reconfigure the RLC PDU sizes using the same RRC configuration message.

In order to allow option a. to be more efficient, the UTRAN may configure the RLC PDU sizes and the non-scheduled grant so that the non-scheduled grant is a multiple of the maximum RLC PDU size.

Option b. is less efficient because of RLC headers, but can reduce the amount of overhead for certain amounts of data. UTRAN may also configure the non-scheduled grant so as to be a multiple pf the minimum RLC PDU size.

With the existing configuration, in order need to used multiple of the smallest common multiple of both values, i.e. 4576, which means a bit rate of 457.6 kb/s, so this is not flexible at all

Using a max RLC SDU size of 400 bits would make the max RLC PDU size an integer multiple of the min PDU size, there is still an overhead of 9.8 % for high bit rates.

Another option is to define a size of 72 bits. In this case, the overhead is 12.1 % compared with PDU size of RLC.
Conclusion a: when using non-scheduled grants, UTRAN may optimise so as to avoid padding by adapting the grant to the maximum PDU size.

Conclusion b: when using non-scheduled grants UTRAN may optimise so as to avoid padding by setting a maximum and a minimum PDU size and a grant that is a multiple of both sizes.

3.2
Scheduled flows
For scheduled flows, it is difficult to constrain the grant value, because it is not under the control of one Node-B only, and also because the available grant values may not well be aligned with available PDU sizes.

For the range of grant values allowing 1 RLC PDU of 336 bits, option b. is clearly better than option a.
For the range of grant values allowing 2/3 RLC PDUs of 336 bits, option b. and option a. perform almost equally well.

For the range of grant values above 4 RLC PDUs, option a. perform significantly better, especially from 5 RLC PDUs onwards, i.e. 210 bytes.
Conclusion c: there is no possibility for UTRAN to optimise for both options identified in the UE, and in general, the UTRAN may also not be able to optimise for any one of option a. or option b, so that it may prefer to avoid this type of configuration.

As for TEBS reporting, as shown in 2.3.3, if multiple PDU sizes are allowed for RLC-UM with scheduled grants, TEBS index may be shifted by one, thus resulting in scheduling mistake, that will be corrected only by a later scheduling information, and in some case may cause extra delay, or waste of resources.

Conclusion d: if configurations with multiple RLC PDU sizes and scheduled grants are considered valid, TEBS reporting in the case of multiple RLC PDU size should be aligned with either maximum RLC PDU size, minimum RLC PDU size, or not take into account RLC headers.
4
Conclusion
In radio bearer configurations using RLC-UM over E-DCH with multiple PDU sizes such as [1] and [2], choice of RLC PDU size and number RLC PDUs is not clear in the specification, and several UEs implementations may have different behaviours, such as 3 options described in this document.
Also, TEBS reporting is ambiguous in this case.

In order to accommodate with most likely UE implementation options and clarify UE requirements, it is proposed to take into account identified alternative UE behaviours:

1. clarify in 25.322 and 25.321 that, for configurations with multiple PDU sizes and more than one PDU of one size allowed, the UE may choose a RLC PDU size only determined by the buffer size, and not selected E-TFC

2. distinguish between usage of scheduled and non-scheduled grants in [1] and [2] by either

a. leaving only the case of non-scheduled grants or
b. duplicating the configurations, one for scheduled grants and one for non-scheduled grants

3. optimise configurations using non-scheduled grants according to conclusions a and b.

4. for configurations with scheduled grants, clarify TEBS reporting

5. for configurations with scheduled grants, when voice and video flows are separated into different radio bearers, use only one PDU size for video

Alternatively, it is possible to require UE to dynamically select the RLC PDU size according to option c, but we would prefer to not introduce such a requirement at such a late stage.
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