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1.
Introduction 

The selective combining was intensively discussed in RAN WG2 #40 based on LS received from RAN1 [1]and company contributions [2], [3]. After that discussion RAN2 concluded that selective combining was seen possible when several simplified assumptions are considered. In this contribution we consider system impacts of the selective combining in different scenarios. 

2.
Discussion

2.1 Number of Neighbouring cells 

The number of neighbouring cells is the key factor when considering the complexity of the selective combining. The current standards allow defining up 32 intra frequency neighbouring cells for each cell of the network. This number could be considered exhaustive when utilizing selective combining but experiment from live 3G networks show that the number of relevant neighbouring cells is typically from 8 to 12 and up to 20 neighbouring cells in dense urban scenarios. Therefore, the feasibility of selective combining should be considered in the scenario where 12-20 neighbouring cells are relevant for each cell. 

2.2. PTP/PTM channel selection in the CRNC

The ptp/ptm channel selection is done in CRNC either cell or cell group basis. When selective combining is applied in the network the ideal case would be that all neighbouring cells of one cell would also utilize ptm transmission, so that selective combining gain would be available for alls UE in boarder areas of the cell. However the problem occurs when some or all of the neighbouring cells of the one cell has only low number of UE so that the ptp transmission would be more efficient. 

In this case either selective combining is not applied between these cells or some of the system gains introduced by selective combining gains is lost as the ptm transmission mode is utilized in cells where ptp transmission mode would be otherwise used. 

If the ptp/ptm channel selection is done in cell group basis the channel selection is in general less accurate and thus not ideal but same problems will occur in neighbouring cells of the cell group as if the ptp/ptm selection is done on cell level. 

Therefore the selective combining makes the ptp/ptm channel selection decision in one cell depending on decisions neighbouring cells, or vice versa. This dependency will in practise make the ptp/ptm channel selection very complex and difficult, when considering that MBMS Service Area could e.g. consist all cells under one RNC and one RNC could support thousands of cells.  This fact is valid even though Iur support is not considered as discussed in RAN WG2 #40 meeting, which would be required to obtain full system gains of selective combining.

2.2 Congestion in Cell

To obtain gains introduced by the selective combining, it is required that RLC PDUs are available for combination from all combined links in relative close time relation. This implies that transmission in the cell is synchronized in e.g. radio frame level. 

During discussion in RAN WG2 #40 meeting, it was noted that the MBMS is best effort service and would have lower priority compared to UE dedicated services especially RT services, from the very basic reason that UE dedicated services are charged more and QoS experienced by the subscribers cannot fall down in those services when MBMS is introduced in the cell.

Therefore in case of congestion situation in the cell the MBMS transmission would be scheduled to very low bit rate or even to zero. As the congestion can easily happen cell-by-cell cases the congestion in one cell does not necessarily mean that the congestion situation is occurred simultaneously in neighbouring cells, and thus assumption that cell specific scheduling for MBMS is necessary is valid.

After the congestion in one cell, the selective combining is no longer possible between congested cell and it’s neighbouring cells or the transmissions must be resynchronised in between different cells. The resynchronisation was shortly discussed in RAN WG2 #40, but the several aspects were not covered. 

In principle the resynchronisation can be obtained either by adjusting the data transmission in neighbouring cells to congested cell rate or the transmission in congested cell is adjusted back to the neighbouring cell transmission point and rate after relief of congestion situation. 

The transmission rate adjustment in neighbouring cells to congested cell rate could be obtained either by rewinding the transmission in neighbouring cells after the congestion is relieved or slowing the bit rate down as in congested cell. The former method would introduce unnecessary repetition of RLC PDUs in the cells and the latter would reduce transmission rates unnecessary, in practice when considering the number required neighbouring cells this could quite frequent situation and must be avoided.

The other more straightforward method is the to adjust the transmission point and rate in congested cell to the transmission point and rate of the neighbouring cells after relief of the congestion situation. This can be obtained either by forwarding, i.e. discarding RLC PDUs in RLC, which already has been transmitted in neighbouring cells, and start to transmission again on the same PDUs with neighbouring cells, or the higher transmission rate could be used in congested cell after congestion to catch up the transmission in neighbouring cells. 

The former method is clearly the simplest to implement but the drawback of it is that the not transmitted PDUs are lost and the effect is most severe for those UE that are in good cell coverage in congested cell and thus are not even utilizing the selective combining from neighbouring cells. The latter solution would not in principle introduce any extra loss of PDUs but the utilization of higher bit rate to catch up transmission in neighbouring cells would in practise either increase the required transmission power or introduce higher PDU error rate.

Naturally the missed synchronization due to the congestion situation in cell is also effecting the PDU error rate in mobility scenarios even though the selective combining is not utilized, but it can be compensated with ptp repair in download service scenario. However, in case of selective combining, the resynchronisation must be obtained as fast as possible after the cell congestion to obtain full benefit of it. As the resynchronisation procedure will most likely introduce RLC PDU loss also for those UEs that are in good channel conditions and are not utilizing selective combining, the cell congestion situation is severe problem for the selective combining, and should taken into account when analysing the system performance.

2.3 Multiplexing and selective combining
In case of the selective combining, the RLC sharing is needed and it means that the RLC PDU size must be same for each cell.  On of the simplest way to achieve this could be that all reference combinations to be introduced in TS34.108 for MBMS are using RLC size of 320 bits and same CRC size.

The fact that RNC must find suitable transport format combinations for each cell having different multiplexing situation can be more problematic. Even though this might not be so straightforward issue, if MBMS service is allowed to be multiplexed freely to any S-CCPCH available in cell, this could be done in RNC as when introducing more multiplexing options the TFC selection comes more complex, which however is under control of the RNC vendor.

However, if the multiplexing of different MBMS services to one S-CCPCH is used and possible also multiplexing of also other services (UE dedicated signalling or data) the scheduling i.e. selection of the used transport format in MAC comes difficult as the network should keep transmissions of each MBMS service time alignment in different cells. Therefore, if TFC in one cell must be selected so that the MBMS bit rate is reduced to lower level than in other cells the MAC of the RNC must select a new TFC having higher bit rate for the MBMS transmission fast enough that selective combining can still work in the UEs. 

One must note that this scenario differs from issues discussed in section 2.2. as there it was assumed that the whole downlink of the cell suffers from congestion but in this scenario only the other logical channels having high priority have so much data that MAC must select a TFC that reduces the bit rate of MBMS service on physical channel.

The easiest method to avoid this problem is that RNC gives such TFCS to MAC that have only two TFs for MBMS service, one having the desired MBMS bit rate and other having zero rate for the case that there is no data on RLC. In practice this also could be the reality of implementation when selective combining is used, but it also means that multiplexing different services is more difficult and separate S-CCPCH for MBMS would be needed to be introduced in the cell. 

The similar issues are also concerning the multiplexing of several MBMS services at MAC-layer. Since the transmission of the MBMS data from neighbouring cells needs to be sufficiently well synchronized, there are constraints for the scheduling of the services in different cells. It is necessary either to mandate that the service is scheduled at the same time in different cells, or the two services needs to be multiplexed frequently enough so that the scheduling does not cause unacceptable long delays.

2.4 Selection of the cells utilized in selective combining 

There exist two possibilities how the UE could obtain the relevant neighbouring cell information to utilize selective combining. The first method is that the UE when receiving MTCH and MCCH in current cell receives the required information of the neighbouring cell’s MCCH, when it measures that the neighbouring cell is good enough. When the information on MCCH of the neighbouring is such that selective combining is possible, i.e. ptm transmission is utilized for the MBMS service and RLC and PDCP are shared between cells, the UE activates the MTCH reception from that cell also for performing selective combining. 

The advantage of this solution would be that MCCH in one cell does not need to contain any information transmitted on MCCH in neighbouring cells. The major drawback of this is that UE must have capability to independently find suitable neighbouring cells for selective combining by monitoring the MCCH transmission in those cells, also when performing selective combining from e.g. two other cells. From UE capability point of view this requirement is not seen feasible at this point.

The second possibility is to signal the required information to receive MTCH from neighbouring cells on the MCCH of the one cell. In this case the UE would have all relevant information of possible neighbours providing the MBMS service on ptm channel and available for selective combining. The drawback of this is that the number parameters (at least L1, L2 parameters required for each service) is high even though some coding scheme is used and the number of relevant neighbouring cells is high if the full gain of selective combining is desired to be utilised. 

Based on the above, the decision of the cells to be included in the combining requires a substantial amount of information. Thus changing the set of cells used for selective combining, when the propagation conditions change, can be relatively slow procedure. This should be taken into account in the analysis.

The reception of parallel MBMS services introduces more difficulties, since the two received services might not be equally available in the neighbouring cells or point-to-point transmission mode could be used for either of the services in some cells. This means that to select cells for selective combining, a lot of information needs to be available for the UE and a sophisticated selection algorithm is necessary.  

2.5 UE capability

There are several details of the selective combining that need to be understood, before the full UE impact can be concluded. The impact of the number of radio links used for selection combining has already discussed in RAN1 Rel6 ad hoc where 2 or possibly 3 received cells for MBMS selective combining were considered and the impact on UE complexity and capability was discussed in [4],[5]. However, the actual MBMS data reception using selective combining is not the only issue affecting the UE complexity and capability requirements. Even the system aspects, such as the selection of the cells used for selective combining have an impact on UE complexity and capability. Depending on how the UE chooses the cells that are used for selection combining (See Section 2.4), the UE may need to do non-trivial monitoring of the control channels transmitted in the neighbouring cells. This increases the UE capability requirements significantly, especially if selective combining with 3 radio links is utilized. This has an impact also on the requirements for those UEs that are capable in receiving dedicated services simultaneously with MBMS.

In addition when there exist parallel MBMS services to be received, the UE requirements are increased if the selective combining from different cells for different services is allowed and the 2 or 3 radio links might not be enough to guarantee the parallel reception of several MBMS services in some cases. The performance degradation impact for such cases should be taken into account in the analysis. 

3.
Conclusions

In this contribution we discussed on system aspects of the selective combining. Even though the simulation results of selective combining presented significant gains [1], the system aspects introduce points that needs to be analysed and solved before concluding how close of these simulation results the real system can come and how complex the implementation of the selection combining can be. 

The major factors degrading the gains of selective combining are the ptp/ptm selection and cell congestion situation including the required resynchronisation. Furthermore, with selective combining, multiplexing of MBMS bearer becomes problematic both at MAC and physical layer. This is the case above all when multiplexing MBMS bearer with non-MBMS services, but also when different MBMS services are multiplexed together. 

The major issues from implementation complexity and cost point of view are the increased UE capability requirements, adopted signalling scheme and the transport format selection or MAC multiplexing in the MAC of the RNC.  The evaluation of the UE complexity and capability requirements should also consider the cell search/choice mechanism used for selective combining and the reception of parallel services with selective combining in addition to the single service MBMS reception. 

For timely delivery of MBMS, only essential features should be included in MBMS bearer specification. If selective combining is chosen for MBMS within Rel6 timeframe, then RAN WG2 should reconsider the point-to-point delivery option of MBMS, since this reduces the gains achieved by selective combining. Either RAN WG2 should be excluded the ptp delivery from the specification or constrain the usage of ptp in neighbouring cells of the cell utilizing ptm. In this case the mobility support between cell utilizing ptp and ptm or vice versa would not required. Moreover, if the selective combining is chosen, the RAN WG2 should consider the feasibility of the multiplexing non-MBMS services in the same physical channel with MBMS bearer.  
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