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Discussion/Decision 
1 Introduction
Early on, there are some discussions on supporting of multiple timing advance (multi-TA) in the Rel-10. RAN4 LS [1] indicated that separate timing command is required for different transmission carriers in frequency-selective repeater, non-colocated site and CoMP scenarios.  In RAN #47, it was decided that multi-TA is only required for inter-band CA UL aggregation and not included in the scope of Rel-10 CA. 
Finding a continuous bandwidth for intra-band UL aggregation is not an easy task. The current spectrum plan has already been fragmented and some spectrums are occupied by other communication purposes. It is our understanding that inter-band UL aggregation would be a more feasible option to aggregate more UL bandwidth. For Rel-11, RAN1 is also discussing the CoMP scenarios where RRH is one of the most promising deployment scenarios. Therefore, we think multi-TA is an enabling feature for Rel-11 CA. In this document, we share our view on the multi-TA and its corresponding maintenance.
Proposal 1: Multi-TA is included in Rel-11 CA.

2 Discussion
2.1 Deployment scenarios of multi-TA

For establishing initial connection, UE measures the DL signal to complete DL synchronization and then sends out RACH in the UL direction. Receiving the RACH signal, eNB estimates the timing difference and sends back TA information in the RAR message. During the TA maintenance phase, eNB measures the timing of the received UL data and adjusts the UL timing by TA command. 

The phenomenon of multi-TA comes from the fact that the DL receptions of different frequency carriers are from different paths. If the time different between two paths is larger than a threshold, the delay comes non-negligible. multi-TA is required, as a consequence. Otherwise, inter-symbol interference will occur. We think the deployment scenarios of multi-TA can be generally categorized into two types:

- Co-located deployment: The received DL signals may be propagated from different paths or experienced different fadings although the signals are transmitted from the same source node. One of the examples is the frequency-selective repeaters installed in different locations. Another example is the inter-band transmission, especially for high-band/low-band combination.
- Non-colocated deployment:  The DL signals are transmitted from different source nodes and obviously the time arrival is different. Possible examples are RRH and distributed antenna system (DAS).
We think it is possible to treat the two deployment scenarios differently. For example, RRH has smaller transmission power, compared to macro eNB (the power difference could be 10 dB). Obviously, cell size of RRH could be quite small. In this case, the UL TA for RRH might be skipped after UL completes DL synchronization with RRH.
Proposal 2: It is suggested that co-located and non-colocated deployments are considered for multi-TA function.
2.2 Multi-TA management 
To manage multi-TA, we think there are two possible options:
- Option-1: per-CC TA

- Option-2: per-group TA

Option-1 is quite straightforward. Whenever a new Scell is added, a set of TA parameters are added accordingly. However, this option seems like an over-killed one because the management complexity increases in proportion to the number of Scell. Option-2 is to group some cells with the same TA. A single TA value can be used for all the cells in the same TA group so the TA configuration can be simplified. Compared to Option-1, Option-2 is a more reasonable one. For the per-group TA scheme, we think there are some issues to be discussed further:

Issue #1: How to partition the TA group?

If eNB can know the TA difference between different cells in advance, it is possible that TA group is formed when a new Scell is configured (Option-1). Otherwise, the grouping is performed after eNB learns the TA value by UE uplink transmission (Option-2). In our understanding, the TA value highly depends UE locations. For example, in the frequency-selective repeater scenario, UE1 may connect with the serving eNB without repeater but UE2 connects with repeaters. Since eNB has has no pre-knowledge of the presence of frequency-selective repeater, it may be safer to request UE to send UL signal before deciding the TA group. Therefore, we think Option-2 can be considered as a baseline.

Issue #2: Is a dedicated TA reference cell needed?
Our understanding of TA group is that the transmission in each cell applies the same TA value whichever the cell is selected to estimate the TA value by eNB. That is, all the UL transmissions in a TA group are synchronized. Therefore, we think no dedicated TA reference cell is needed. 
Proposal 3: Per-group TA is used for multi-TA management.
Proposal 4: No dedicated TA reference cell is needed in a TA group.

2.3 Obtaining TA value 

As discussed above, when a new Scell is configured and a new TA value is needed, UE should send an UL signal for TA estimation. It is our understanding that the UL signal can be RACH or SRS. Both UL signals are applied in the current system for UL timing estimation. For initial UL synchronization, RACH is applied. After synchronized, eNB can make TA estimation by the UL signals.
When RACH is applied, it is possible that UE may send parallel RACH simultaneously. In Rel-10, RACH is only allowed to be transmitted over Pcell. Therefore, some MAC specification changes are needed to support RACH transmission over Scell and the corresponding RAR handling. 
In addition to RACH, SRS can also be applied for timing estimation. In UTDOA, UE sends a UL SRS signal so that the neighboring cell can obtain the difference of arrival time and then estimate the UE position. We think the same scheme may be used to estimate the TA reference value when a new Scell is configured. For example, UE sends an A-SRS signal over Scell per eNB command. If the A-SRS transmission is done before Scell configuration is executed (i.e., in un-synchronized state), eNB can determine the TA group in advance.
Proposal 5: It is suggested RAN2 to discuss the two possible UL signals, RACH and SRS.

3 Conclusion

In this document, we discuss the necessity of multi-TA in Rel-11 CA. We think multi-TA is required to support inter-band CA UL aggregation and frequency-selective repeater/RRH scenarios. We further discuss the relevant issues for TA management and our proposals are as follows:
Proposal 1: Multi-TA is included in Rel-11 CA.
Proposal 2: It is suggested that co-located and non-colocated deployments are considered for multi-TA function.
Proposal 3: Per-group TA is used for multi-TA management.
Proposal 4: No dedicated TA reference cell is needed in a TA group.

Proposal 5: It is suggested RAN2 to discuss the two possible UL signals, RACH and SRS.
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