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1
Introduction
A work item: HSDPA multiflow data transmission was agreed in RAN#53 [1].
For inter-site scenario, RAN2 agreed to focus on RLC split solution.

However there is a known problem for the RLC split and there are number of solution proposals for the problem.

This contribution discusses the possible way forward for the problem.

2
Problem
Qualcomm RAN1 paper [2] pointed out that the inter-NodeB HSDPA multiflow data transmission operation has a skew problem.

The skew happens if one multiflow cell delays downlink data transmission e.g. due to HARQ re-transmissions while the other multiflow cell delivers downlink data more smoothly (i.e. less re-transmissions). 
If it happens, the receiver RLC entity detects dropped DL RLC PDUs and so reports negative acknowledgement (Nack) via status PDU with List, Bitmap or RList SUFI and so the transmitter RLC will be requested to retransmit the Nacked DL RLC PDUs although the Nacked PDUs may be buffered in the other NodeB.
This unnecessary RLC PDU re-transmission will waste the bandwidth and so compromise the data throughput and the capacity.

3
Solutions
There are some solution proposals to mitigate the impact of the skew.
1. RNC based RLC split [2]
2. UE based RLC split [3], [4] and [5]
3. PDCP split [6]
RNC based RLC split

The existing RNC based RLC split proposal [2] requires RNC to keep track of which cell is used for the DL RLC PDU transmission so that RNC can distinguish genuine data loss from the skew. However the proposal introduces some complexity due to the used cell tracking per RLC PDU.

UE based RLC split

There are two types of UE based RLC split. 

1. Skew aware UE based RLC split [4]
2. Non-skew aware UE based RLC split [5] 

The 1st approach proposes UE to keep track of a cell used for a RLC PDU reception per RLC PDU to distinguish genuine data loss from the skew. So again, it introduces some complexity in UE implementation.
The 2nd approach proposes UE to delay reporting the Nack to absorb the skew in the receiver RLC. The 2nd approach is relatively simpler solution than the 1st approach but it requires RRC signalling update unless the delay timer duration is hard coded in a 3GPP spec.

PDCP split
PDCP split uses two transmitter RLC entities and two receiver RLC entities for one radio bearer. So it requires to implement PDCP PDU re-ordering and PDCP PDU retransmission in UE and RNC and so it introduces huge complexities in UE and RNC. Besides, if HSDPA multiflow cell is removed, then all buffered data in RLC entities are lost so it’s not ideal for mobility situation.
According to our analysis, the existing solution proposals have some drawbacks.

We prefer the following approach.
Non-skew aware RNC based RLC split
This approach is similar to InterDigital proposal but the solution is implemented in RNC only.

1. The transmitter RLC at RNC performs downlink data transmission via one or more than one flows.

2. If the transmitter RLC at RNC receives a status PDU, which negatively acknowledges some DL RLC PDUs, then the transmitter RLC starts a retransmission pending timer, which is associated with the largest RLC SN, which is nacked by the status PDU.

3. When the retransmittion pending timer expires the transmitter RLC at RNC re-transmits the nacked DL RLC PDUs up to the RLC SN associated with the timer.

If the retransmission pending timer is set to the time duration required for the maximum MAC-ehs transmissions, we can avoid the unnecessary retransmission. 

The scheme is summarised by the following figures.
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In this way, RNC does not need to keep track of which cell was used to transmit the DL RLC PDU per DL RLC PDU and RNC does not need to distinguish the genuine data loss from the skew but RNC just needs to simply start the retransmission pending timer upon reception of a negative acknowledgement and starts retransmissions upon the timer expiry.
It does not have any UE impact so the solution can be applied for any UEs.

Moreover, this solution has another big advantage that the timer status prohibit duration (TSP duration) can be set to a very small value (e.g. 10ms). It improves RLC throughput.


The maximum RLC throughput is given by the following formula.

Maximum RLC throughput = (RLC window size x RLC PDU size) / (RTT + TSP duration/2)

Currently the threotical maximum RLC throughput is 272 Mbps with the following assumptions;
RLC window size = 2047 

RLC PDU size = 12000 bits

RTT = 70ms

TSP = 40 ms

However if the TSP is set to 10ms, the maximum RLC throughput becomes 327.5 Mbps. So we can avoid RLC SN extension if this solution is applied for 8C operation. In addition, the same technique can be applied for legacy UEs e.g. to improve downlink performance by reducing  TSP duration as it does not have any UE impact.
3
Conclusion
Proposal: Non-skew aware NW centric RLC split solution is used for HSDPA multiflow data transmission operation.
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