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1 Introduction

RAN2#68bis discussed a number of different deployment scenarios for Carrier Aggregation (CA) [1]. The meeting agreed that scenario 1-3 would need to be supported, but did not see a big need for scenario 4. For the agreed scenarios, need for multiple TA is not expected. However, an LS [3] has been sent to RAN4 for reconfirmation, taking some new band combinations into account. Should a scenario be identified to need multiple TA, RAN2 should also consider how common is the scenario and what is the added complexity in order to make an adequate decision whether to support multiple TA or not in Rel-10.
2 Specification effort and implementation complexity
2.1 Mapping of TA to DL reference
The UE calculates its UL timing relative to the timing for a specific DL carrier, using the TA value it has been assigned by the eNB. In Rel-8/9 the eNB always knows which DL carrier to use for the reference timing as there is only one UL/DL pair per UE. With Carrier Aggregation however, there may be multiple CCs both in UL and DL, and not necessarily the same number of CCs in the same direction. Thus it  need to be specified which DL CC to use as a timing reference for each unique TA value that the UE is configured with. This problem needs to be solved both for single and multiple TAs, but it can be anticipated that for multiple TAs, there will be more possible approaches to consider and to analyze. If there is more than one TA referencing the same DL CC there may need to be some separation of the TA Commands and PDCCH order for RA on the DL CC. Also it is currently not clear whether there is any linkage between non-backwards compatible UL and DL CCs, but for multiple TAs this may be needed and it would thus require some further study.
2.2 Random Access with multiple TA
In order to become time aligned in UL, a Rel-8/9 UE needs to perform Random Access. For Rel-10 where there may be multiple UL CCs, the UE will have to perform one RA for each unique TA value. If multiple UL CCs are using the same TA value, it is sufficient to perform RA on one of them. If the UE is configured with more than one TA value and should time align more than one UL CCs at the same time, parallel RA procedures need to be supported.

If parallel RA procedures would be supported, there is further complexity to consider, for example detection of RLF on the UL will require further analysis and standardization effort. Should, in the case there are parallel RA procedures on different UL CCs, RLF be concluded after failure of one RA procedure, after failure of all ongoing procedures or based on some other criterion?
A potential simplification could be to restrict the RA procedure to one specific UL CC. The UE could then trigger an initial RA for that UL CC and it could be left up to the network to initiate Random Access procedures on the other CCs by sending PDCCH orders. This would remove the complexity of having to handle parallel processes. However, it raises other issues. How should conflicts between UE initiated and NW initiated RA procedures be handled? Even though the Rel-8/9 single carrier scenario is significantly simpler than Rel-10 CA scenarios, it required extensive analysis and discussion before being resolved. For Rel-8/9 it was concluded it could be left to UE implementation which procedure the UE would continue with. Support of multiple TAs introduces new conflict cases. E.g., how should the situation be handled where a UE initiated RA procedure on the specified UL CC crosses a PDCCH ordered RA on another UL CC (and vice versa)? If the UE would continue with the UE initiated procedure, time alignment would not be established for the set of UL CC corresponding to the PDCCH ordered RA. As a consequence scheduling on these UL CCs would be prevented. Special handling and standardisation effort is likely to be needed along with extensive analysis of different conflict cases and impacts thereof.

Restricting RA to one specific UL CC also restricts latency, resource and load balancing efficiency. As concluded in [2] lower latency/higher resource efficiency and better load balancing can be achieved if RA is not restricted to specific UL CC(s).

2.3 eNB Complexity

Maintenance and handling of multiple TAs in the eNB will be needed. In order to maintain multiple TA values additional measurements will be needed in the eNB in order to detect if the UL CCs are still in synch. 

2.4 Timing Advance Timer
In Rel-8/9 the UE has a single Timing Alignment Timer (TAT) which will trigger RA upon expiry. UL transmission on different UL CCs shall be made independently of one another. This means that it may be possible that only a subset of the UL CCs is used for transmission for one or more TTIs. With multiple TA values it must be investigated whether to keep the concept of a single timer or whether to support one TAT per CC or per TA value. 

3 Conclusion

The initial assessment provided in section 2 indicates that effort and/or complexity required to support multiple TA may be significant. It should be considered whether support for multiple TAs is required in Rel-10 for typical scenarios, and whether the benefits justify the additional complexity, standardization effort and testing required for introducing it as Rel-10 functionality. Apart from impact on specific functionality/mechanisms as described in the discussion above, RAN2 would need to also ensure that any interactions between parallel procedures and possible race-conditions are covered. 

Proposal 1 RAN2 should take the amount of work needed and complexity in to careful consideration when deciding if multiple TA values should be included in for Rel-10.
4 References

[1] R2-100531, “Carrier aggregation deployment scenarios”, NTT DoCoMo Inc.
[2] R2-101528, “Random access with carrier aggregation”, Ericsson, ST-Ericsson
[3] R2-100848, “LS on multiple timing advance for inter-band CA”







1/3


