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1. Introduction
In RAN #53, it is agreed to consider the enhancement of timing advance (TA) control for uplink (UL) CoMP operation [1]. In UL CoMP mode, multiple TA controls for uplink signal can be considered due to different time delays between a UE and multiple reception points (RPs). However, multiple TA controls may cause time misalignment between uplink signals. For example, consecutive uplink signals can be overlapped with each other when each uplink signal is transmitted to a different RP with its own TA control. To this end, this contribution addresses the misalignment issue in detail and considers the use of multiple TA controls with rate matching (or puncturing) as a potential TA scheme for UL CoMP in LTE-Advanced.
2. TA control in UL CoMP
2.1. Concept of multiple TA controls
In UL CoMP operation, each uplink signal may need different TA controls since it can be transmitted to different RPs according to the purpose of uplink signaling. As an example, targeting RPs of sounding reference signal (SRS) can be different from those of PUSCH (or PUCCH) when the SRS is used for supporting downlink transmission. In such a case, multiple TA controls can be applied for each uplink signal to be transmitted with its own TA control set to targeting RPs at each transmission time, as depicted in Fig. 1. Hence, as shown in Fig. 1, it can be arisen that the SRS is transmitted to RP1 while the PUSCH (or PUCCH) is transmitted to RP2 with same or different values of TA controls. To support multiple TA controls, additional signaling process may be required. One simple method is to introduce supplement TA control signaling which is transmitted in differential manner.
Proposal #1: 
- To support uplink signals targeting different RPs such as SRS and PUSCH (or PUCCH), the use of multiple TA should be considered.
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Fig 1. Concept of multiple TA controls in uplink CoMP
2.2. Time misalignment of uplink signals
If time delays from multiple RPs are equivalent, uplink signals can be handled with single valued TA control and the timing of uplink signaling will be aligned. This is depicted in Fig. 2-(a) where the SRS for RP1 is transmitted at the end of PUSCH (or PUCCH) for RP2. In general, however, TA controls required for multiple RPs may be different. The use of such different TA controls to each uplink signal can cause collision between consecutive uplink signals, yielding time misalignment as shown in Fig. 2-(b). In Fig. 2-(b), the SRS and the end of PUSCH (or PUCCH) are corrupted by overlapping because required TA for RP1 is larger than TA for RP2. A simple solution is to remove the overlapping area caused by the use of multiple TA. For example, rate matching (or puncturing) can be performed on the overlapping symbols of PUSCH (or PUCCH) transmission in Fig. 2-(b) when the TA difference information is known to networks or UE. In this case, new format should be considered for the uplink control signal such as shorten PUCCH format. As an alternative, the SRS can be dropped or partially transmitted. However, there could be more efficient solutions for time misalignment and further considerations are needed.
Observation #1:

-  It needs to consider the time misalignment between uplink signals such as SRS and PUSCH (or PUCCH) in UL CoMP.
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Fig 2. Alignment or misalignment of uplink signals with multiple TA controls
3. Conclusion
We considered in this contribution the enhancement of TA controls in UL CoMP. The following proposal and observation were provided based on the discussion:
Proposal #1:

- To support uplink signals targeting different RPs such as SRS and PUSCH (or PUCCH), the use of multiple TA should be considered.
Observation #1:

-  It needs to consider the time misalignment between uplink signals such as SRS and PUSCH (or PUCCH) in UL CoMP.
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