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Introduction and Discussion:

In [1] E-TFC selection is determined by either:

· E- TFC restriction based on the remaining power for E-DCH or the minimum set,

· The current scheduled and non-scheduled grants, or

· The available data for transmission considering the allowed combination of the highest priority MAC-d flow

One of these criteria will always be the limiting factor in E-TFC selection.

When either the serving or non-serving cells are at maximum capacity, as long as remaining power is sufficient and there is enough E-DCH data available for transmission, the UE will transmit the maximum the amount of data that is allowed by the scheduled and non-scheduled grants.

In [2] use of the scheduling and non-scheduling grants for multiplexing of the MAC-e PDU is described. If not restricted by remaining power or available data, MAC-d flows are multiplexed in order of priority until the amount of E-DCH data allowed by the scheduled and non-scheduled grants is reached. Then in [1] we specify “among the supported E-TFCs, the UE selects the smallest E-TFC that maximizes the transmission of data according to the non-scheduled grant(s) and the serving grant”. The MAC-e PDU, which was multiplexed according to the scheduled and non-scheduled grants, is then padded to match this selected E-TFC.

In [3] a detailed analysis of E-DCH transport block sizes is provided for the MAC-d PDU size aligned and the exponentially distributed tables. The 127 sizes allowed by the 7 bit E-TFCI forces a granularity of available sizes that for certain cases exceeds common MAC-d PDU sizes. If the amount of E-DCH data multiplexed is limited by the scheduled and non-scheduled grants, padding to the selected E-TFC size may exceed the size of additional MAC-d PDUs available for transmission. This results in a less efficient use of physical resources and unnecessarily reduces the effective data rate.

Possible solutions:

1. When padding required for the selected E-TFC exceeds the MAC-d flow multiplexing block size, padding is minimized by multiplexing of additional MAC-d flow data. If this solution is chosen it is proposed that this rule only applies to scheduled MAC-d flows.

This solution proposes that the multiplexing limit up to the current scheduled grant is replaced by the multiplexing limit up to the smallest supported E-TFC that supports the current scheduled grant.

2. Define granularity of the E-TFCS so that the difference between E-TFC sizes does not exceed the MAC-d flow multiplexing block size. 

Considering the optimized choices in [3], it appears increasing the E-TFCI size in necessary to further reduce or possible eliminate padding that exceeds MAC-d flow multiplexing block size.

3. Increase the MAC-d PDU sizes so that the difference between E-TFC sizes does not exceed the MAC-d flow multiplexing block size.

This just reduces or eliminates the possibility to reduce padding by multiplexing to the selected E-TFC size, but due to increased multiplexing granularity MAC-e PDU padding overhead is significantly increased.

Solution #1 is preferred since this has the least impact on what has already been decided and is rather simple to specify.

A few examples of possible inefficiencies:

Considering the E-DCH transport block sizes defined in [3], the following improvement in throughput is realized by maximizing the amount of MAC-d flow data that can be multiplexed into the selected E-TFC rather then limiting the amount of data allowed by the grant associated with the selected E-TFC.

The benefit is mainly found with the 10ms exponential distribution case, but improvements are also realized for the 10ms 336bit aligned and 2ms exponential distribution tables.

For the 10ms exponential distribution case:

If the scheduling grant allows for 9500 bits, the UE may for example determine it is able to transmit 28 X 336bit PDUs with 2 MAC-e headers or MAC-e control = 9480 multiplexed bits. This size will correspond to TFC # 109 in the 10ms exponential table with a TB size 9827 bits, and will require 347 bits of padding (3.5%).

If the multiplexing limit up to the current scheduled grant is replaced by the multiplexing limit up to the smallest supported E-TFC that supports the current scheduled grant, this would allow multiplexing up to the 9827 bits allowed by TFC #109, and would result in multiplexing 29 X 336bit PDUs with the same 2 MAC-e headers or MAC-e control = 9816bits, which would require only 9 bits of padding (.1 %).

For this case by multiplexing up to the size selected TFC rather then the rate allowed the grant for transmission of the same TFC at the same power the UE effective data rate is increased by 1/28 = 3.6%.

For the 10ms 336 bit aligned case:

If the scheduling grant allows for 17,250 bits, the UE may for example determine it is able to transmit 51 X 336bit PDUs with 4 additional headers = 17,226 multiplexed bits. This size will correspond to TFC #113 in the 10ms 336bit aligned table with TB size 17,562bits, and will require 336 bits of padding (2%).

If the multiplexing limit up to the current scheduled grant is replaced by the multiplexing limit up to the smallest supported E-TFC that supports the current scheduled grant, this would allow multiplexing up to the 17,562 bits allowed by TFC #113, and would result in multiplexing 52 X 336bit PDUs with the same 4 additional headers = exactly 17,562 bits, which would require no padding (0%).

For this case by multiplexing up to the size selected TFC rather then the rate allowed the grant for transmission of the same TFC at the same power the UE effective data rate is increased by 1/51 = 2%.

For the 2ms exponential distribution case:

If the scheduling grant allows for 11,200 bits, the UE may for example determine it is able to transmit 33 X 336bit PDUs with 2 MAC-e headers or MAC-e control = 11,178 multiplexed bits. This size will correspond to TFC # 127 in the 2ms exponential table with a TB size 11,520 bits, and will require 342 bits of padding (3%).

If the multiplexing limit up to the current scheduled grant is replaced by the multiplexing limit up to the smallest supported E-TFC that supports the current scheduled grant, this would allow multiplexing up to the 11,520 bits allowed by TFC #127, and would result in multiplexing 34 X 336bit PDUs with the same 2 MAC-e headers or MAC-e control = 11,514bits, which would require only 6 bits of padding (.05%).

For this case by multiplexing up to the size selected TFC rather then the rate allowed the grant for transmission of the same TFC at the same power the UE effective data rate is increased by 1/33 = 3%.

Conclusion:

Limiting multiplexing of scheduled MAC-d flows to the granted rate with padding to the next smallest supported E-TFC unnecessarily increases overhead and reduces the effective E-DCH data transfer rate.

It is proposed that the multiplexing limit up to the current scheduled grant is replaced by the multiplexing limit up to the smallest supported E-TFC that supports the current scheduled grant. 
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