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1 Introduction
A work item was approved in RAN#53 [1], for Multi-Point transmission (MP-Tx) in HSDPA. The objective of this work item is to improve the cell edge performance and the network resource utilization under uneven loading. One of the sub-features listed in the WID is Inter-Site MP-Tx, which allows UEs receive data from multiple cells reside in different NodeBs.  
In this contribution, we propose a UE-based RLC enhancement to enable Inter-Site MP-Tx. The proposed scheme requires most of the enhancement done at the UE side, and thus minimizes the impact to UTRAN.  
2 Protocol stack for Inter-Node B Multi-Point Transmissions
The protocol stack of the system for UE-based Inter-site MP Tx is shown in Figure 1.
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Figure 1: An example of protocol stack for Inter-Site MP-Tx
At RNC side, there is one single RLC entity. Data flow is split into two MAC-d data streams. Each MAC stream is forwarded to either the primary or the secondary serving cell. Within each serving cell, there is one MAC-ehs entity and one or two PHY entities.  

At UE side, there are two MAC-ehs entities, processing MAC-ehs reception of the two serving cells respectively. The MAC PDUs received in each cell are delivered to the UE RLC entity in order. However, out-of-order delivery may still happen between the two cells due to imperfect flow control and dynamic loading. In such a case, the RLC PDUs in a RLC SN gap are not lost, but residing in one cell waiting to be transmitted. This temporary SN gap is called skew. 
3 UE-based RLC Enhancement
3.1 MAC to RLC interface at UE

At UE, each MAC entity exposes its identity when delivering data to the RLC entity, thus the UE RLC entity has the knowledge of which cell a RLC PDU is received. This information is essential for the UE to distinguish a genuine loss from skew.

3.2 Distinguishing genuine loss from skew by the UE

Based on this knowledge of which cell a PDU is received from, the RLC receiver at UE maps each decoded RLC PDU to the cell from which it is received and maintains the largest RLC sequence number (LSN) received in each cell. Note that the LSN will only be updated if the RLC PDU is not NAKed before. LSN would not change if the received PDU is a retransmitted PDU.
When the UE finds a new gap in the RLC sequence number (SN), there are two possibilities, as shown in Figure 2:
1. If the SN in the gap is smaller than both of the two LSNs, the gap is a genuine loss and a NAK will be sent in the next Status PDU.
2. If the SN in the gap is larger than one of the LSNs, this gap is considered as due to skew and a NAKDelayTimer is started for this gap; there are three possibilities for this gap:

a. If the gap is filled before the timer expires, stop the NAKDelayTimer.

b. If the gap is not filled when the timer expires, a NAK is sent in the next Status PDU.

c. If the gap becomes smaller than both LSNs before the timer expires (this can happen since the two LSNs keep increasing with new received data), the gap is considered as a genuine loss and a NAK will be sent in the next Status PDU. The NAKDelayTimer will be stopped.
Note that there could be multiple NAKDelayTimers, one for each gap in the RLC SN.
Let us further elaborate the RLC enhancement using the example shown in Figure 3. In this example, data is split at RNC such as PDU 0-3 and 8 are sent to cell 1 while PDU 4-7 are sent to cell 2.
· At time t0, PDU 0 is received from cell 1, and PDU 4 is received from cell 2. LSN1=0 and LSN2=4. The UE detects a gap of RLC SN with PDU 1, 2 and 3. Since PDU 1, 2 and 3 are larger than the smaller LSN, which is 0, a NAKDelayTimer_1 is started for PDU 1, 2 and 3. 

· At time t1, PDU 1 is received from cell 1. LSN1=1 and LSN2=4. The UE removes “PDU 1” from the gap, and no new timer is needed.

· At time t2, PDU 2 is received from cell 1, and PDU 6 is received from cell 2. LSN1=2 and LSN2=6. The UE removes “PDU 2” from the old gap, and detects a new gap with PDU 5. Since 5 is larger than the smaller of the two LSNs, which is 2, a new NAKDelayTimer_2 is started for PDU 5. 

· At time t3, PDU 3 is received from cell 1. LSN1=3 and LSN2=7. The first gap is filled and NAKDelayTimer_1 is cancelled. 

· At time t4, PDU 8 is received from cell 1. LSN1=8 and LSN2=7. Now since 5 is smaller than both LSNs, the gap is identified as a genuine loss and a NAK for PDU 5 will be sent in the next Status PDU.  NAKDelayTimer_2 is cancelled.
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Figure 2: NAK generation by the UE RLC receiver
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Figure 3: RLC PDU genuine loss and skew
3.3 RNC response to Status PDU

There is no change for the RNC response to Status PDU. Based on the above description, the UE will not send a NAK in Status PDU until it is sure that the gap is due to a genuine loss or the NAKDelayTimer expires. RNC can simply respond by retransmitting the NAKed PDUs. 
3.4 Discussion

In this section, we discuss the UE-based RLC enhancement under some abnormal scenario. 
In the example shown in Figure 3, the RLC receiver can declare the genuine loss of PDU 5 at time t4 and ask RNC to retransmit this PDU. However, if at time t3, cell 1 stalls due to heavy loading and/or deep fading, LSN1 cannot move forward. As a consequence, PDU 5 and all genuine loss afterwards on cell 2 would be treated as skew and be retransmitted only after their corresponding NAKDelayTimers expire. In general, when one of the serving cells stalls, the genuine loss on the other serving cell may be identified as skew and the retransmission of the lost PDU may be delayed. 

We should note that the probability of seeing this scenario is fairly low. It happens only when one of the serving cells stalls AND RLC PDU is lost on the other serving cell. With typically 10% BLER after the first HARQ transmission and up to four HARQ transmissions, the probability of seeing this scenario should be much smaller than 1%.

4          Conclusions
In this contribution, we have presented the UE-based RLC enhancement for Inter-Site MP Tx. The impact of out-of-order RLC reception (skew) at the UE can be effectively mitigated by simple enhancements at the UE. There is no impact to the network.
It is worth noting that our proposed scheme is different from the mechanism described in [2]. In [2], UE does not distinguish skew from genuine loss, but starts a timer when a missing PDU is detected. This would delay the RLC retransmission of all genuine losses to the NAKDelayTimer expiry. 
In [3], we compare the proposed UE-based scheme with other Inter-Site MP Tx schemes presented in [4] and [5]. 
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