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1 Introduction
Geographically distributed antenna systems have been discussed in 3GPP RAN1 Rel-11. In particular, for uplink transmission, timing advance is needed to ensure synchronized uplink signals are received within CP at eNodeB (eNB) side. In this contribution, we will study the issues related with uplink timing for geographically distributed antenna systems.
2 Arrival time difference at different sites
In case of geographically distributed antenna systems, as illustrated in Figure 1, different groups of antennas may be located in various sites. The distances from a UE to these multiple groups of antennas will differ, and hence the uplink signal may arrive at these groups with different delays. The difference of delays may be large depending on the distance of two sites; for example, 1 km translates into 3.33 (s of delay. The current timing advance scheme specified for Rel-8/9/10 may not ensure the received uplink signals are synchronized within the scope of CP at each site.
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Figure 1 Geographically distributed antenna systems
Observation 1: In case of geographically distributed antenna systems, the conventional timing advance scheme may not synchronize uplink signal within the scope of CP at each site.
Since the conventional timing advance scheme may be unable to keep uplink signals synchronized within the CP length at each site, the eNB may assign the UE a group of antennas as a reference point for uplink timing advance. For example, the eNB may assign the UE certain antenna ports of CSI-RS as the reference point. Particularly, if the UE is within the inner area of the coverage of a group of antennas, this group may be signalled to the UE as the reference point for uplink timing advance. The UE may adjust the uplink transmission time when arrival time of the signal from reference point is changed. 

Proposal 1: The eNodeB may assign which group of antenna ports is the reference point for timing advance of a UE.
3 Uplink reference signal
As discussed above, uplink reference signals of two UEs may not be synchronized within the CP. Therefore, the orthogonality of UL RSs at the reception side may be destroyed. Larger delays may introduce inter-symbol interference to UL RS and inter-subcarrier interference for channel estimation of each subcarrier. 
Observation 2: In case of geographically distributed antenna systems with single cell-ID, orthogonal UL RS signals may not always be possible.
Therefore, we may consider introducing a larger CP to reduce the interference of UL RS with each other, for example, introducing a cell-specific extended CP. Another alternative may be to increase the CP for certain UEs by repeating some signals before the UL RS. For example, as illustrated in Figure 2 and Figure 3, signal P may be transmitted in the preceding data symbol of UL RS to ensure that there is no inter-symbol interference to UL RS from last symbol, and the channel impact to the signal is a cyclic-convolution even when delay spread is larger than CP. 
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Figure 2. Normal CP.
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Figure 3. Extended CP by transmitting repeated signals 
Proposal 2: In case of geographically distributed antenna systems with single cell-ID, increasing the CP by transmitting some specific signal in the preceding data symbol of UL RS to reduce interference could be considered if interference among UL RS due to larger delay is not acceptable.
4 Conclusion
We have discussed the issues related with uplink timing in case of distributed antenna systems. 
Proposal 1: The eNodeB may assign which group of antenna ports is the reference point for timing advance of a UE.

Proposal 2: In case of geographically distributed antenna systems with single cell-ID, increasing CP by transmitting some specific signal in the preceding data symbol of UL RS to reduce interference could be considered if interference among UL RS due to larger delay is not acceptable. 

















































































