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1. Introduction

The LS from RAN1 (R3-040006) asked RAN3 about the network complexity associated to the selective combining. More precisely, RAN1 asked RAN3 to consider the signaling and timing requirements of the selective combining.
This contribution discusses some aspects with related to the signaling and timing requirement.
2. Timing Requirement
In order to minimize the delay between RLs, the current node synchronization procedure can be used.

The node synchronization can be categorized in the following three cases:

1) Sectors of the same Node B

2) Node Bs controlled by the same RNC

3) Node Bs controlled by different RNCs

Analysis for these three cases is described in the following sections.

2.1 Sectors of the same Node B

By the T_cell in the Cell Setup procedure (NBAP) and FDD SCCPCH Offset in Common Transport Channel Setup procedure (NBAP), the Node B can adjust the transmission timing between cells.
NOTE: T_cell represents the Timing delay used for defining the start of SCH, CPICH and the DL Scrambling Code(s) in a cell relative BFN. The main purpose is to avoid having overlapping SCHs in different cells belonging to the same Node B. A SCH burst is 256 chips long. SFN in a cell is delayed T_cell relative BFN. (25.402)

NOTE: The Secondary CCPCH offset is defined as the time offset towards the Primary CCPCH in the cell. The offset is a multiple of 256 chips. (25.433)

2.2 Node Bs controlled by the same RNC

The granularity of the phase difference between RFN (RNC Frame Number) and BFN (Node B Frame Number) of each Node B is known as 0.125ms. The RNC can know the phase difference through the RNC-Node B Synchronization procedure. 
NOTE: The RNC-Node B synchronization procedure is defined in user plane protocol (e.g. 25.435). In the RNC-Node B Node Synchronization procedure, the RNC sends a DL NODE SYNCHRONISATION control frame to Node B containing the parameter T1. Upon reception of a DL NODE SYNCHRONISATION control frame, the Node B shall respond with UL NODE SYNCHRONISATION Control Frame, indicating T2 and T3, as well as T1 which was indicated in the initiating DL Node Synchronization control frame. T1 is the frame sending time in RNC, T2 is the frame receiving time in Node B. T3 is the frame sending time in Node B. 

By using the RNC –Node B synchronization procedure (See figure 1 below), the RNC knows T2 and T3 therefore the phase difference can be calculated as following: 

Phase Difference between RNC and Node B = T1 + one way trip delay – T2

    One way trip delay = { (T4 – T1) – (T3 – T2) }  /  2
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Figure 1 RNC – Node B synchronization
T1
RNC specific frame number (RFN) that indicates the time when RNC sends the DL NODE SYNCHRONISATION control frame through the SAP to the transport layer.


Resolution: 0.125 ms; Range: 0 .. 40959.875 ms.

T2
Node B specific frame number (BFN) that indicates the time when Node B receives the correspondent DL NODE SYNCHRONISATION control frame through the SAP from the transport layer.


Resolution: 0.125 ms; Range: 0 .. 40959.875 ms.

T3
Node B specific frame number (BFN) that indicates the time when Node B sends the UL NODE SYNCHRONISATION control frame through the SAP to the transport layer.


Resolution: 0.125 ms; Range: 0 .. 40959.875 ms.

T4
RNC specific frame number (RFN) that indicates the time when RNC receives the UL NODE SYNCHRONISATION control frame. Used in RNC locally. Not standardized over Iub.
By the means of Node Synchronization that can know the phase difference and the T_cell/FDD SCCPCH Offset, the timing of sending SCCPCH from different Node B can be reduced to a limited period.

2.3 Node Bs controlled by different RNCs

There is currently no procedure in Iur/Iub that can achieve synchronization for Node Bs controlled by different RNCs. 
3. Delay Requirement and Signaling Requirement
For the delay requirement, it can be understood from R1-031321(Document in the LS from RAN1) that the restrictions on the maximum delay between the RLs so that a Rel-5/Rel-99 UE (384kbps class) could support Selective Combining without the need for extra memory are: 160ms for 32 kbps TTI 80ms, 80ms for 64 kbps TTI 40ms and 40ms for 128 kbps TTI 20ms.

For the “Sectors of the same Node B” and “Node Bs controlled by the same RNC” cases, it can be understood from chapter 2 of this contribution that, the current NBAP procedure can be used to adjust the transmission timing between cells; and Node Synchronization of 25.435 can be used to know the timing delay therefore can send MBMS data to each Node B based on this timing delay.

It should be also noted that the delay within the UTRAN access stratum (e.g. processing delay in Node B etc) should be taken into account. All of the measures for the delay are considered as implementation specific.
4. Other
Based on the assumption that there is no Iur transmission when MBMS data content is transferred by PtM (that is, the CRNC transfer MBMS data content received only from Iu), if header compression is to be applied to MBMS, the synchronization for the PDCP (e.g. sequence No.) between RNCs should also be considered. It is currently no procedure in Iur that can synchronize PDCP between RNCs.
5. Conclusion and Proposal

Regarding the timing requirement, for the case of “sectors of the same Node B” and “Node Bs controlled by the same RNC”, it can be concluded from the above analysis that there is no additional network complexity and no additional signaling needed to achieve the delay between the RLs so that the UE can support MBMS Selective Combining without the need for extra memory. If the delay between the RLs is short enough (e.g. intra Node B), the UE can perform Maximum Ratio Combining as in the case of dedicated channels.
For the “Node Bs controlled by different RNCs”, there is currently no mean for the RNC to adjust the timing delay. This may be considered as future study if needed. Furthermore, if header compression is to be applied to MBMS, the synchronization for PDCP between different RNCs should be considered however there is currently no mean to do that. This may also be considered as future study if needed.

It is proposed to answer to RAN1 LS[1] that the selective combining is feasible from the RAN3 perspective.

The MBMS simulcast/ UE combining concept is shown in Annex below.
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ANNEX:  MBMS simulcast/ UE Combining in UE for MBMS 
The same PtM MBMS services are likely to be provided in neighboring cells.  It has been shown in [1] that when UEs receive this PtM MBMS service from only one cell, considerable Node B transmission power must be allocated for satisfactory cell coverage to be met.  Therefore, it is desirable for the UEs in handover area to receive and combine the same PtM MBMS services provided from multiple cells, as in Figure 1 below.
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Figure 1 MBMS selective combining

If the level of synchronization of the data from different cells is tight enough, the UEs can perform Maximum Ratio Combining as in the case of dedicated channels.  If the level of synchronization is loose, the UEs can still perform Selective Combining.  The required data synchronization for MRC is +/- 148chip [2], whereas the required level of synchronization for Selective Combining is shown to be 1~2 TTIs in [3].

For MRC, UEs buffer soft bits before turbo decoding, whereas for Selective Combining, UEs only buffer hard bits after turbo decoding.  Henceforth, looser synchronization is required for Selective Combining compared to MRC.

The concept of Selective Combining is as follows.  A UE receives and processes data from multiple cells.  After turbo decoding, the UE selects data from only 1 cell according to some measure of reliability (e.g. CRC check), and discards the same block of data from other cells.  So basically, with Selective Combining, if the UE receives data from two cells at the same power, the probability of a data block being erroneous is squared compared to the case the UE receives data from only one cell.

In summary, PtM MBMS requires excessive Node-B power if the UEs only receive data from one cell.  As the same services are likely to be provided in adjacent cells, it is desirable for the UEs to receive and combine MBMS data from multiple cells.  In doing so, the UEs can perform Selective Combining, or Maximal Ratio Combining when the synchronization between MBMS data from neighboring cells is tight enough.
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