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1 Introduction

In Uplink, RLC PDUs can be generated in two different ways when MAC-i/is is used; they could be pre-generated for transmission later or they could be generated in time with the E-TFC selection by matching the E-TFC size. In Dual Cell E-DCH operation, the RLC PDU generation could be an important factor that impacts the resource utilization and the UE performance. In this contribution, we discuss and compare the two methods of RLC PDU generation in DC-HSUPA.

2 Discussion

Currently, the UE generates RLC PDUs in two different ways when MAC-i/is is configured:

· the UE can pre-generate the RLC PDUs for a transmission in a later TTI up to a certain amount of pre-generated data as defined [1], and each RLC PDU needs to match the current grant, or 

· the UE can choose an RLC PDU size according to the data requested for the logical channel by the current E-TFC selection. The RLC PDU is transmitted in the current TTI. [1]

The pre-generation of RLC PDUs has certain disadvantages, especially for Dual Cell E-DCH operation. 

2.1 Radio conditions

One disadvantage of RLC PDU pre-generation is that UE's radio conditions could change from the time of PDU generation to the time of transmission. Although this is a problem for single cell Uplink as well, the situation is worsened in DC-HSUPA since variations on both frequencies will impact the performance negatively. 

If the UE has a large grant and this grant is heavily reduced, the UE will pre-generate several large RLC PDUs which will need to get heavily segmented. The RLC RTT mean and variation will increase which will require configuration of conservative RLC parameters.

On the other hand, if the RLC PDU sizes are smaller than the data requested by the E-TFC selection at the transmission time. This will require several RLC PDUs to be multiplexed in a single MAC PDU and the network will have to process a larger number of RLC PDUs. In addition, this will affect negatively the UE performance as the throughput is decreased due to the additional MAC header overheads, and additional processing is required to generate more RLC PDUs.

2.2 Carrier Activation/Deactivation

The secondary carrier may be activated and deactivated by the Node-B at any time using HS-SCCH orders. If the RLC PDUs are pre-generated to be sent in a later TTI, the RLC RTT may increase considerably. In case the secondary carrier is activated, the UE would waste resources for several TTIs. 

2.3 Carrier Imbalance 

If the UE pre-generates the RLC PDUs to be transmitted later, it matches the PDU size to what is allowed by the current grant in single carrier. This selection causes a problem in dual carrier operation since an RLC PDU generated could be transmitted on any of the carriers later. Depending on the degree of imbalance between carriers in terms of grants and channel variations, this could cause excessive MAC segmentation when PDU size is large or lower achievable throughput and increased MAC overhead when the PDU size is small.

This mismatch between the RLC PDU size and carrier selection can be alleviated by varying the RLC PDU size according to a combination of grants on both carriers such as the mean value of the serving grants. However the problem will still exist when the grants differ substantially between carriers due to either uplink loading or radio conditions and it is very difficult to formulate an optimum RLC PDU size selection across two carriers. 

2.4 Scheduler behavior

If it is allowed to pre-generate RLC-PDUs, the schedulers might be optimized to cater to the least performing UEs. For example, if the PDU size is chosen according to the anchor grant, then the scheduler might try to give lower grant on the anchor carrier than the secondary one in order to prevent MAC segmentation. This will degrade system performance. Also, there will be no incentive to build fully radio aware UEs as their performance will not appear to be different.

3 Conclusion

We think that fully radio aware RLC PDU generation should be preferred for DC-HSUPA as this utilizes the radio resources more effectively and provides higher UE throughput.

We would like the group to discuss the ideas presented in the previous section and agree on: 

Proposal: For Dual E-DCH operation, the size of the data field of the RLC PDU shall be chosen so that the RLC PDU size matches the data requested for this logical channel by the current E-TFC selection. The minimum and maximum sizes are limited by the smallest and largest configured UL RLC PDU size respectively, as in Release-8.
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