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1 Introduction
In Rel-8, the maximum number of RLC PDUs per TTI was 26 for a maximum data rate of 42 Mbps.

In Rel-9, for DC-HSDPA with MIMO, the maximum number of RLC PDUs per TTI has been specified to be 44 to be able to reach the maximum data rate of 84 Mbps without significantly increasing the size of the PDU.
With the introduction in Rel-10 of MC-HSDPA with MIMO, the maximum data rate will increase up to 172 Mbps. At the last RAN2#69 meeting, no agreement was reached regarding the maximum number of RLC PDUs per TTI for MC-HSDPA as indicated in [1].
This contribution discusses what should be the maximum number of RLC PDUs per TTI for 3 carrier and 4 carrier HSDPA operations.
2 Discussion
In the last releases, there has been a trend of increasing the number of RLC PDUs per TTI in order to achieve the higher data rates and to limit the increase in complexity on the network side. Nevertheless compromises have also been made so that the number of RLC PDUs remains reasonable with regards to the UE processing.
For MC-HSDPA, as the supported data rates will significantly increase, the processing requirements in the UE will also increase.  However, since one of the processing requirements in the UE is associated to header processing and the number of PDUs received per TTI, we would prefer to keep this number at a comparable level with Rel-9, DC-MIMO. From a UE perspective we prefer to maintain the maximum number of RLC PDUs per TTI to 44.  
However, even though this number or a lower number is ideal from a UE perspective, we have to acknowledge the fact that in order to achieve the maximum data rate of 172.8 Mbps with 44 RLC PDUs per TTI, the size of the RLC PDU will have to significantly increase.  

The calculations for both 3 carriers and 4 carriers below show the RLC PDU size required to achieve the maximum data rate when the maximum number of RLC PDUs per TTI is kept equal to 44.
For 3 carriers with MIMO on each carrier, assuming a maximum date rate of 129.6 Mbps:
RLC PDU size = “Number of bits per TTI” / “Number of RLC PDU” / 8 = 259200 / 44 / 8 = 736 bytes
For a 4 carriers with MIMO on each carrier, assuming a maximum data rate of 172.8 Mbps:
RLC PDU size = 345600 / 44 / 8 = 981 bytes
As shown above, maintaining the desired processing requirements in the UE comes at the cost of an increased RLC PDU size of 981 bytes. A large RLC PDU size increases the residual HARQ error rates, and the variation in the RLC round trip time due to the buffering status in the Node B. Therefore, such requirement shifts the complexity from the UE to the network.  

This implies that a compromise between the number of RLC PDUs and size of the RLC PDUs has to be made. For 3 carriers as it was shown above, keeping the processing requirement of 44 RLC PDUs results in a maximum RLC PDU size of 736 bytes. Compared to Rel-9 DC-HSDPA with MIMO, this corresponds to a 35% increase in the RLC PDU size.  We propose that 44 PDU/TTI can be an acceptable number for 3 carrier HSDPA operation.
Proposal 1: Keep the maximum number of RLC PDUs per TTI equal to 44 for 3 carrier HSDPA operation.
Assuming that 736 bytes is an acceptable RLC PDU size, then for 4 carriers this would result in 58 reordering PDUs per TTI.  In order to have an equal number across all carriers and streams we propose to increase the number of PDUs to 56.  

A number of RLC PDUs per TTI equal to 56 would result in a RLC PDU size of 771 bytes.  Therefore, increasing the number of PDU per TTI to 56 would limit the increase in the RLC PDU size. We think 56 still represents a reasonable number of RLC PDUs per TTI and does not increase considerably the UE processing power.
In order to confirm that 56 RLC PDUs per TTI for 4 carriers would meet the RLC peak data rate requirement, the following calculation is made, assuming a window size of 3072, a RLC RTT of 70ms and a prohibit timer of 70ms.

RLC peak data rate = RLC PDU size*RLC window size/(RLC RTT+ RLC status prohibit timer/2)
RLC peak data rate = 771 * 8 * 3072 / (0.07 + 0.07/2) = 180 Mbps
The result of 180 Mbps for the RLC peak data rate is above 172.8 Mbps meeting the data rate requirement.

Proposal 2: Increase the maximum number of RLC PDUs per TTI from 44 to 56 for 4 carrier HSDPA operations.
Even though 56 RLC PDUs per TTI might increase the processing in the UE, it is understood that the processing power of the UEs with multicarrier will have to increase to support the high data rates and the physical layer processing; therefore slightly changing the number of RLC PDUs may not be too critical.
3 Conclusion

In this contribution, the number of RLC PDUs per TTI for 3 carrier and 4 carrier HSDPA operations was discussed. As a result, we would like the group to discuss and agree with the following proposals:

Proposal 1: Keep the maximum number of RLC PDUs per TTI equal to 44 for 3 carrier HSDPA operations.
Proposal 2: Increase the maximum number of RLC PDUs per TTI from 44 to 56 for 4 carrier HSDPA operations.
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