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1. Introduction

The re-synchronization was shortly discussed in earlier RAN WG2 meetings. When the L1/selective combining is applied, the impact of MBMS data reception would be grievous in case of congestion in one cell due to the combining is no longer possible between congested cell and its neighbouring cells. In this contribution, we would like to discuss the re-synchronization method and involved signalling.

2. Discussion

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. Therefore in case of congestion situation in the cell the MBMS transmission would be scheduled to very low bit or even zero. Then the transmission would be de-synchronization between congested cell and neighbouring cells and the combining is no longer possible.

In [1] it is stated that, “In case de-synchronization occurs between MBMS transmissions in neighbouring cells belonging to an MBMS cell group the CRNC may perform re-synchronization actions enabling UEs to perform the selective combining between these cells.” Now the question is, when congestion (de-synchronization) is occurring, how to transmit the data in serving cell in congestion situation and what are the re-synchronization actions after relief of congestion situation?

2.1. Methods of re-synchronization
Nokia has proposed two methods of re-synchronization in [2]. 

· Adjusting the data transmission in neighbouring cells to congested cell rate

· Transmission in congested cell is adjusted forward to the neighbouring cell transmission point and rate

The comparation of these two methods is shown as follow.

Method 1:

Adjusting the data transmission in neighbouring cells back to congested cell means that the action of re-synchronization is only in neighbouring cells otherwise serving cell. The approaches of this method are shown in figure 1 and figure 2: 

a) Rewinding the transmission in neighbouring cells after relief of congestion situation

b) Slowing bit rate down as in congested cell

Compare to approach b), approach a) can obtain the lower PDU error rate due to introduce repetition of RLC PDUs in neighbouring cells, but such repetition is unnecessary.

Method 1 would induce the “ripple effect”, because the adjacent cells of “neighbouring cell” all will adjust data transmission to enable UEs perform the L1/selective combining. So the MBMS data transmission in cells of one cell group all would be stalled.
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Figure 1 Rewind the transmission in neighbouring cells
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Figure 2 Slow the bit rate as in congested cell
If the congestion were accidental, such stalling would be patient. But when the congestion happens quite frequent cell-by-cell, the MBMS data transmission would be interrupt more easily. Such situation must be avoided.

Method 2:

Adjusting the data transmission in congested cell forward to neighbouring cells means that the action of re-synchronization is only in serving cell otherwise neighbouring cells. The approaches of this method are shown in figure 3 and figure 4: 

c) Discarding the RLC PDUs which already have been transmitted in neighbouring cells and start to transmit the same PDUs.

d) Quicken the data rate in congested cell after congestion to catch up the transmission in neighbour cells.

Approach c) would not transmit these PDUs that have been transmitted in neighbouring cells. For those UEs which are in good cell coverage in congested cell and thus are not utilizing L1/selective combining, these PDUs would be lost. It means some snippets of one session are not reachable for those UEs, although this approach is the simplest. Approach d) would not lead any extra PDUs loss but higher data rate should require more transmission power or radio resource.
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Figure 3 Forward to the neighbouring cell transmission point
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Figure 4 Higher transmission rate in congested cell
Method 2 only impacts the data transmission in congested cell, and additionally it does not stall the data transmission in whole cell group. Especially with approach c), the re-synchronization can be obtained as fast as possible after the cell congestion to achieve full benefit of L1/selective combining.

If there are a lot of cells which suffer congestion situation simultaneously, the Method 1 is suitable because we can slow the transmission rate or even stop to relieve the congestion. But such situation is occurring means either the specific event happens or that the capacity of system should be extend. In the most time, the congestion can easily happen cell-by-cell cases the congestion in one cell does not mean that is occurred simultaneously in neighbouring cells. So we expect that when we perform the re-synchronization actions, both the transmission data rate could be kept, and the less neighbouring cells would be impacted. Under this point, the method 2 is preferred. Among all the methods, method 2 c) is the best one.

Based on the above methods, CRNC is the leading role and executant in congestion/re-synchronization procedure. The UEs do not participate it and only passively accept slower, higher data rate or even repetitious PDUs. If the UEs can participate in, for example, when congestion is occurring in one cell, CRNC announce the UEs served by this cell that the MBMS transmission would be scheduled to relieve congestion situation. UEs utilizing L1/selective combining would select another cells to continuous to perform SC. UEs that are in good cell coverage and are not utilizing L1/selective combining would response to CRNC that embarrassed problem. After this inter-action between CRNC and UE, the former will collect more information. Then CRNC can perform the simplest, most effectual scheme, which has the less impact to UE reception in congestion/re-synchronization procedure. That is our proposal in this contribution. The detail discussion is in next section.

2.2. Inter-action in congestion/re-synchronization

L1/selective combining should be used as follows [3]:

· UE receives data on MTCH

· UE measures serving cell quality

· Once the cell quality drops below a certain threshold the UE measures neighbour cells to determine which it should reselect to

· UE acquires information about services present in neighbour cells and perform L1/selective combining

As the soft/softer handover, if UE is not in the SHO area, i.e. UE is near the base station and has good quality of receiving data, UE would not handle another link to SHO. So it is the same that if the cell quality does not drop below a certain threshold, UE would not perform L1/selective combining initiatively.

In order to implement the approach c), it expects that most of UEs in congestion cell would measure neighbour cells to find one or two cells which they could reselect to. So at once the congestion is coming, CRNC should do firstly in congested cell,

(i) CRNC sends Uu signalling on MCCH to indicate UE that congestion is occurring and MBMS transmission would be scheduled.

When UE in congested cell receipts such announcement, it would do,

(ii) UE immediately measures neighbour cells. If neighbour cell suitable for selective combining based on the threshold (e.g. measured CPICH Ec/No), UE would receive this branch.
If there were even no one branch could be depended, UE would establish RRC connection to respond to CRNC that it could not receive neighbouring cell’s MBMS data.

(iii) UE sends response to CRNC on RACH whose measurement result shows that there is no neighbour cell power higher than threshold. If it is in idle mode, UE initiates RRC connect establishment.
CRNC collects these responses and counts the UEs which are near base station and thus cannot receive data from another neighbouring cell’s branch.

(iv) If a pre-defined threshold is reached, CRNC continues using p-t-m transmission mode in congested cell, but the MBMS transmission would be scheduled to very low bit or the power of S-CCPCH would be decreased very low. Otherwise,

(v) If the threshold is not reached, CRNC switches transmission mode from p-t-m to p-t-p only for those responded UEs in congested cell, and then the MBMS transmission would be scheduled to zero.

Naturally any extra loss of MBMS data for UEs which have joined a multicast group and are willing to receive MBMS service are not permitted from the point of system performance. If there is no inter-action between CRNC and UE before de-synchronization, UTRAN could not estimate the expense for re-synchronization by the approach c). Now by the announcement from CRNC to UE and the rightabout response, UE in good cell coverage can be compensated with p-t-p repair. Furthermore, after relief of congestion situation, CRNC can choose the most suitable approach to obtain re-synchronization as possible as quickly, and bring the lest impact to service performance.

For example, in case of download service scenario, CRNC would choose approach d) to catch up transmission in neighbouring cells if there is no p-t-p link for UE near the base station. Otherwise, in streaming service scenario, CRNC would choose approach c) to re-synchronization with neighbouring cells, or in download service scenario and with p-t-p intergradation.

The most ideal scheme is that, CRNC counts the responses, if the threshold is not reached, CRNC switches transfer mode from p-t-m to p-t-p only for those responded UEs, and MBMS transmission is scheduled to zero. If the threshold is reached, CRNC continues using p-t-m transfer mode and normal bit rate but decreases S-CCPCH power to offer the very lower coverage only for UE near the base station (e.g. 40% coverage). Therefore, re-synchronization procedure would not introduce any extra loss of MBMS data for any UE in congested cell. Of course, such scheme is assumed that not all radio resources of MBMS service are deprived as the congestion happen.

If such situation could not be avoided, some other methods may be considered, for example, increasing the power of S-CCPCH in neighbouring cells, or reducing the combining threshold.

Additionally, in order to improve transmission performance, some issues should be studied in future:

· Does combining threshold (e.g. measured CPICH Ec/No) need be reduced? Thus the more UEs can receive neighbouring cell’s MBMS data.

· Can UE perform selective combining only among neighbouring cells in the case of serving cell transmits low bit rate data?

· Can UE perform L1 combining between neighbouring cells when serving cell does not transmits any MBMS data in congestion situation?

Concluded the inter-action in congestion/re-synchronization, the new procedure and signalling added to 25.346 are illustrated in next section.

2.3. New procedure and signalling

This signalling flow depicts the cell congestion procedure. This signalling flow is applicable for handling MBMS to UEs in PMM IDLE and PMM-CONNECTED mode.

The purpose of the signalling flow is that the CRNC informs the UEs congestion occurring in one cell. The CELL CONGESTED ANNOUNCEMENT contains a status indication, which carried on MCCH. The UEs measure neighbour cells after receipt congestion indication. If there is no suitable branch, UE sends NO CONBINING BRANCH RESPONSE message to CRNC on RACH. UE in idle mode initiates RRC connect establishment. The NO CONBINING BRANCH RESPONSE contains MBMS service ID. According to responses from UE, CRNC determines MBMS transmission scheduling in congested cell.
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Figure 5 Cell congestion procedure

3. Conclusions

In this contribution, we discussed on congestion and re-synchronization procedure in MBMS. Two methods of re-synchronization proposed in [2] are presented and the disadvantage and advantage are compared. In our analysis, the method 2 c) is preferred.

An inter-action between CRNC and UE in congested cell is proposed in our contribution. That after relief of congestion situation, CRNC can choose the most suitable approach in method 2 to obtain re-synchronization as possible as quickly, and bring the lest impact to service reception.

New procedure and signalling involved in this inter-action are depicted, which are expected to agree and introduce into 25.346. This can increase the efficiency and performance of both the mobile and network.
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