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1. Introduction
Selective combining might be used based on the measurement quality and timing situation for MBMS ptm transmission mode. Generally speaking, it is kind of hard decision mechanism. And CRC check could be used as an error indication for the selection decision. However, for the follow two scenarios, CRC might be not enough for selective combining as quality indication: 1) When the PDUs from multiple cells are all received correctly by CRC check, which PDU will be forwarded to the higher RLC function.  2) When the PDUs from multiple cells are all received erroneously by CRC check but the header of the RLC PDU decoded correctly, which PDU will be forwarded to the higher RLC function. For these two scenarios, a selective combining mechanism by using soft information is proposed in this document, which can improve the performance of selective combining, especially for scenario 2.

2. Discussion

2.1. Scenario 1

Suppose ptm transmission mode is used for MBMS and data is transmitted downlink on the SCCPCHs of multiple cells. When the PDUs with same SN from multiple cells are all received correctly by CRC check, which one will be stored and forwarded to the higher RLC function? 

According to the duplicate avoidance and reordering for unacknowledged mode as follows[1], 

Duplicate detection and re-ordering:

· if SN is within the receive window:

·  if  SN < VR(UDR) or if a PDU with sequence number SN is already stored in the buffer:

·  the PDU shall be discarded;

- 
else:

-
the PDU shall be stored in the buffer.
Only the first PDU with the SN in the receiving window will be stored in the RLC buffer and be forwarded to the higher RLC function later while the others be discarded even if they are received correctly by CRC check with the same SN and within the receiving window.

In fact, from which cell the identical PDU will be received first is definitely depending on the setting of the transmission timing parameter of each cell.  In Figure 1, an example is given. Suppose there are three sectors within one Node B and the antennas of the sectors are placed close to each other. And then the observed timing difference of received PDUs from the three sectors will only be defined by the parameter Tcell and timing offset of SCCPCH. Once the Tcell and timing offset of SCCPCH of each cell is set, generally they are fixed. We assume

Tcell1+ Time Offset1 < Tcell2+ Time Offset2 < Tcell3+ Time Offset3

On the other hand, we assume the propagation condition and signal from cell 3 and cell 2 are better than that from Cell 1.

With the duplicate avoidance and reordering mechanism in[1], only the PDU from Cell 1 will be forwarded to the higher RLC function even though those from cell2 and cell3 are also received correctly and have better propagation condition and better quality. 
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Figure 1 – Selective Combining Assuming CRC checks are all correct

Generally speaking, CRC is not an absolute criterion to decide if the PDU is received completely correctly or not according to the feature of CRC. And thus, it’s possible the PDU is not completely correct even if their CRC check is correct (the probability of such event is dependant on the length of CRC bits). As shown in Figure 2, the white block means a correct bit in one PDU while the grey block means a corrupted bit. Suppose the CRC checks for the three PDU from cell1, cell2 and cell 3 are all correct while the PDU from cell 1 has the most corrupted bits. For this case, the PDU from cell1 will be forwarded to higher RLC function since it arrives the first. 
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Figure 2 – CRC checks are all correct
In order to select a better one among those PDUs correctly received with identical SN, soft information might be used to select a better one even all of the CRC checks for the PDUs with identical SN are correct. One kind of soft information and proposal is discussed in section 3. 

2.2. Scenario 2

Different from scenario 1, we investigate what will happen if the CRC indicates error of the transport block while the header of the RLC header is decoded correctly. According to the protocol [2], regardless of the result of the CRC check in physical layer, all Transport Blocks are delivered to MAC along with the associated error indications for FACH onto which MTCH is mapped. According to protocol [3], an error indication is given for the MAC-SDU to RLC if an error indication for the MAC-SDU has been received from lower layer. In RLC layer, the SN is at first abstracted from the header of the RLC PDU for duplicate detection and reordering. It’s quite possible for RLC to abstract correct header even though the CRC check result is negative. For erroneous SDU, the delivery of them is configured according to indication from upper layer[4]. There are three kinds of configuration for the delivery of erroneous SDU which is described in[5], as shown as follows.  They are “No detect”, “Erroneous SDUs are delivered(yes)” and “Erroneous SDUs are not delivered (no)”.  For the options “No detect” and “Erroneous SDUs are delivered(yes)”, which might be used for real time services such as video or audio clips which has some strict requirement for delay but no stringent requirement for the correctness of the data, erroneous SDUs will be delivered to the higher RLC function. 

Delivery of erroneous SDUs, octet 6 Bits
3 2 1
In MS to network direction:
0 0 0

Subscribed delivery of erroneous SDUs
In network to MS direction:
0 0 0

Reserved
In MS to network direction and in network to MS direction:
0 0 1

No detect ('-')
0 1 0

Erroneous SDUs are delivered ('yes')
0 1 1

Erroneous SDUs are not delivered ('no')
1 1 1

Reserved
For the scenario in Figure 2, suppose CRC check result of the PDUs with the same SN, which can be abstracted correctly, are all negative and they have different degree of erroneousness, which is indicated by the thickness of the blackness. The thicker the blackness is, the higher is degree of erroneousness. For example, suppose the BLERs of PDUs from sector 1, sector 2 and sector 3 are 95%, 50% and 5% respectively, which is further illustrated in Figure 4, where grey blocks mean corrupted bits. Same as for scenario 1, we assume that the PDU from sector 1 arrives at UE first, then sector 2 and sector 3. In such case, the PDU from sector 1 whose BLER is 95%, will be delivered to higher RLC function according to the duplicate avoidance and reordering mechanism in [1].  
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Figure 3 – Selective Combining assuming CRC checks are all erroneous
For this scenario, if some kind of soft information can be used, the PDUs from sector 3, whose BLER is just 5%, will be selected in RLC layer and then the gain of BLER of 5 % over BLER of 95% can be achieved.
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Figure 4 – CRC checks are all negative

3. Proposal
In the section 2, the reason why soft information is beneficial for MBMS selective combining is illustrated. In this section, a candidate solution is proposed, in which transport channel BER is used as the soft information for selective combining and its measurement is reported to RLC layer in MAC-DATA-Ind. With transport channel BER. To implement the reporting mechanism, the inter-layer primitives inside UE need to be modified by adding new parameter for measurement. Concretely, for the primitive PHY-Data-IND and MAC-DATA-Ind, a new parameter “Transport channel BER” needs to be added. 

	Measurement
	Transport channel BER

	Source
	L1(UE)

	Destination
	RLC (UE)

	Reporting Trigger
	In PHY-Data-IND and MAC-DATA-Ind

	Description
	The transport channel BER is an estimation of the average bit error rate (BER) data part of FACH. 


For the case that multiple FACHs, onto which different MTCHs with different MBMS are mapped, are multiplexed on the same SCCPCH, the RLC could do selective combining on per transport channel basis.  

3.1. No extra delay with reordering mechanism

With the proposal to use soft information for selective combing, one question might be proposed, that’s, how much extra delay might be introduced with this mechanism. As a matter of fact, it will introduce no extra time delay if the reordering mechanism is used. In fact, the triggering for a PDU to be stored in the reordering buffer is different from that for a PDU to be delivered to the higher RLC function. During the time after a PDU is stored in the reordering buffer and before it’s delivered to the higher RLC function, selective combining with soft information can always be used for the PDU. 

4. Conclusion

In this document, a kind of selective combining with soft information is proposed. With the proposal, the performance of selective combing can be improved for the scenarios in which the CRC checks of the PDUs with same SN from multiple cells are all positive or negative. Especially for the scenario that the CRC checks are all negative, the gain is larger. With reordering mechanism in RLC layer, no extra delay will be introduced with the proposal. Once the proposal in this document is accepted, CRs for 25.302 and 25.321 will be submitted. 
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