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Introduction

In this contribution, we discuss the conditions under which the UE should declare out-of-sync, reporting of synchronization primitives and radio link failure. The transmission of SRB is also discussed. 
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Synchronization Procedures
In legacy single carrier operation, the UE checks the synchronization status every radio frame on the F-DPCH or the DPCH depending on which is configured. The UE estimates the quality of the DPCCH or F-DPCH over 160ms. If the quality is deemed to be lower than a threshold Qout, then out-of-sync is declared and reported using the CPHY-Out-of-Sync-IND primitive. If the quality is be better than a threshold Qin, then in-sync is declared and reported using the CPHY-Sync-IND primitive.
When the downlink goes out of sync, then the UE shuts of its transmitter until synchronization is established once again according to the criteria defined above. This is to ensure that the uplink is always power controlled effectively.
When multicarrier operation is configured, the same procedure is followed since a single F-DPCH is transmitted from the serving NodeB. In the case of multiple uplink frequencies (DC-HSUPA), since F-DPCH is transmitted from both the cells, the out-of-sync indication would be declared on each DL frequency independently. The associated UL carrier would not be transmitted when UE declared out of sync on the corresponding DL carrier.

Even though multiflow operation requires a single UL, there are some similarities to DC-HSUPA operation. In multiflow, F-DPCH is transmitted from two cells – both cells being in the active set. With regards to declaring out of sync, there are two options that can be considered:

· Option A: Declare out-of-sync when the quality of the F-DPCH from the serving cell (assisted) cannot be maintained (legacy single UL carrier operation). In this case the UE would turn off its transmitter thereby preventing the other cell from transmitting any data due to the lack of CQI reports.

· Option B: Declare out-of-sync only if the quality of both the F-DPCHs transmitted from the assisted and assisting serving cell cannot be maintained. In this case, the UE would turn off its transmitter only if both cells are out-of-sync. This preserved at least one of the links to the extent possible.
In Multiflow operation, it is possible that one of the links suffers a temporary out-of-sync whilst the other radio link is operating well. If the UE then declares out-of-sync and turns off the uplink, both links would have to stop all downlink traffic to the UE. In this case, the UE may suffer some loss in throughput that may have been obtained if one of the links is in-sync and transmitting data to the UE. 
In addition, given that that multiflow operation may occur across non co-located cells leading to more imbalances in the downlink, the UE may declare more out-of-syncs than in legacy operation, which is undesirable. Furthermore, the presence of a reliable F-DPCH ensures that uplink power control is not affected.
Due to the above reasons, we propose that Option B is adopted for multiflow operation. There is no change to out-of-sync operation if DPCH is configured.
Proposal 1: Out-of-sync status is declared by the UE only if the quality of the F-DPCH from both the assisted and assisting serving cells falls below a threshold Qout. 
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Synchronization Primitives
Synchronisation primitives are used to indicate the synchronisation status of radio links, both in uplink and downlink. For the uplink synchronisation primitives CPHY-Sync-IND or CPHY-Out-of Sync IND are indicated by the NodeB to the RL Failure/Restored triggering functions after checking the synchronization status every radio frame. The synchronization status check is performed for each radio link set. 

For the downlink, the UE checks the synchronisation status of either the DPCH or the F DPCH depending on which is configured every radio frame and the status is indicated to higher layers using the CPHY-Sync-IND and CPHY-Out-of-Sync-IND primitives.

Since there are two F-DPCHs transmitted in multiflow operation and assuming that the out-of-sync behaviour is based on both the F-DPCHs, then the UE only needs to report a single set of synchronization primitives to the upper layers. Therefore, there is no change to the reporting of synchronization primitives.
Proposal 2: Reporting of downlink synchronization primitives CPHY-Sync-IND and CPHY-Out-of-Sync-IND are not affected due to multiflow operation. 
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Radio Link Monitoring
The downlink radio links are monitored by the UE every frame so as to trigger radio link failure procedures. The downlink radio link failure criteria are specified in [2] and are handled by upper layers based on the synchronisation status primitives on each carrier. The UE maintains a timer T313 which is started when an out-of-sync primitive is received from L1. The timer is reset when N315 successive "in sync" indications are received from L1. When T313 expires, radio link failure is declared.

If we assume that a single set of downlink synchronization primitives for all the cells groups in multiflow, then radio link failure would only be declared when all the cells are out-of-sync and the T313 timer expires. If the timer was maintained per radio link, then that would result in more frequent radio link failures which is undesirable.

Proposal 3: Timers T313 and N315 and associated Failure/Restore procedures are not affected by multiflow operation.

5
Impact of Time-reference Cell
If we assume that UE out-of sync is declared only when both the assisting and assisted time reference cells are out-of sync, then it is possible that the time-reference cell would be out-of-sync while the non-time reference cell is in-sync.

In this case, the UL timing (DPCCH and HS-DPCCH) would not be affected since they are based on the CELL timing as opposed to the timing of the F-DPCH channel. In other words, the designation of the time-reference cell is not changed due to out-of-sync conditions. 

Of course, it is possible for the C-PICH of the time reference cell to become unreliable thereby affecting the UL timing. However, it is expected that Event 1B would be triggered in such a circumstance, which would remove that cell from the active set. In that case, the UL timing would anyway be affected due to the change in the time-reference cell due changes in the UE’s active set. 
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SRB Transmissions

Assuming the functionality proposed in Proposals 1-4, we note that when one link is active and strong, the UE should be able to function in single carrier mode. For this to be possible, it is essential that SRBs be able to be set up between the NodeB and the UE. Therefore, SRBs should be allowed to be transmitted to the UE from both the assisted and assisting serving cells. 
Proposal 4: SRB transmissions can occur on the assisted or assisting serving cells in multiflow operation.

7
Conclusion

In this contribution, synchronization procedures pertaining to multiflow operation were discussed. Additionally, the following proposals are made.

Proposal 1: Out-of-sync status is declared by the UE only if the quality of the F-DPCH from both the assisted and assisting serving cells falls below a threshold Qout 
Proposal 2: Reporting of downlink synchronization primitives CPHY-Sync-IND and CPHY-Out-of-Sync-IND are not affected due to multiflow operation 
Proposal 3: Timers T313 and N315 and associated Failure/Restore procedures are not affected by multiflow operation.

Proposal 4: SRB transmissions can occur on the assisted or assisting serving cells in multiflow operation.
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