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1. Introduction
Uplink timing in Release 8 – 10 is set relative to a DL reference point observed at the UE.  This reference point is the earliest arriving path.  Similarly, a DL reference point must be defined for UL CoMP.  This contribution reviews options for such a reference point. Three alternatives are discussed and their advantages and disadvantages compared.
2. Release 8-10 Timing

The UEs’ uplink signals should be time synchronized to arrive within a CP length to avoid inter-subcarrier interference.  In Releases 8-10 this synchronization is performed by feedback in the form of timing advance (TA) commands signaled by the eNB.  The UE sets its initial RACH transmission timing according to the earliest received path on the downlink.  The random access response then contains an initial 11 bit TA command with a granularity of 
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 which instructs the UE to offset its uplink transmission relative to the downlink timing by the signaled amount.  Updates to this initial TA value are subsequently sent by the eNB with a 6 bit TA command, again with a granularity of 
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.  Upon receiving the TA command, the UE updates its timing advance according to 
NTA,new = NTA,old + (TA (31)(16
where TA = 0, 1, 2,..., 63 and the timing advance is  NTA,new(
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3. UL Timing for UL CoMP
UL CoMP supports joint reception by more than one reception point (RP).  Uplink timing therefore becomes more complicated in that a single TA command cannot align uplink transmissions simultaneously at all reception points.  However synchronization should aim to align a UE’s uplink signals within the CP over all of its reception points.  In order to accomplish this, each reception point may make a measurement of the UE’s delay relative to downlink timing and from these a single timing advance can be calculated [1]. This is illustrated in Fig. 1 where UE1 and UE2 are received by both RP A and RP B.  Delay measurements are made at both RPs and timing advances 
[image: image4.wmf]1

TA

 and 
[image: image5.wmf]2

TA

 are calculated from these measurements. Application of these timing advances causes the UEs’ signals to be received within the CP at both RPs.
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Figure 1:  Timing advances 
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 are chosen jointly by the RPs to align both UEs signals within the CP at both RPs.
The calculation of the timing advance value based on measured delays is up to network implementation. However the DL reference point used by the UE still needs to be specified.  Under ideal steady-state conditions and assuming cooperation amongst RPs in deriving the timing advance commands, the DL timing reference does not matter since the network can always compensate for a different reference point by offset the timing advance value.  If practical considerations and the desirability of needing to share uplink measurements across RP are taken into account however, some alternatives may be more attractive than others.  Next, three alternatives for the downlink timing reference are described and their advantages and disadvantages compared.
Alt. 1 Earliest arriving path of the serving cell

Timing is based off of the earliest arriving ray of the cell from which the UE obtains system information.  

Advantages  
· Low specification impact as operation is similar to Releases 8-10.
· Robust to changes in CoMP set.  Slewing to a new timing reference does not need to occur when an additional RP is added to the CoMP set.  
· Similar test procedures to those in Releases 8-10
· Reuse of Releases 8-10 UE DL timing implementations
Disadvantages
· Requires coordination among reception points to avoid UL signal arriving prior to DL timing at one or more reception points. 

If the TA is calculated by the serving cell alone without cooperation of other reception points, one or more paths may arrive before the corresponding downlink timing point and outside the FFT window (assuming this window starts at the downlink timing point).  In other words from the view of a non-serving cell, there appears to be excessive timing advance.  This situation is illustrated in Fig. 2 where two UEs are both connected to RP A as their serving cell but their CoMP sets also include RP B.  In addition UE 1 is closer to RP A than RP B and UE 2 is closer to RP B than RP A.  If the DL timing reference point is the serving cell and the serving cell alone is assumed to generate the timing advance in the conventional Release 8-10 manner, both UEs will be aligned with the downlink timing at RP A.  However at RP B, UE2’s uplink signal arrives before DL  timing.  Such early arrivals can cause significant performance degradation [2].  This excessive timing advance can be avoided if the timing advance is calculated jointly between RP A and RP B as the minimum of the measured delays 
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Figure 2: When the downlink reference is the serving cell and timing advance is calculated at only the serving cell, UE2’s signal arrives prior to uplink timing at RP B.  

Alt. 2 Earliest arriving path of a signaled cell
Instead of using a fixed cell as a reference, it has been proposed to signal the DL timing reference cell [3].
Advantages
· Robust to changes in CoMP set.  Slewing to a new timing reference does not need to occur when an additional RP is added to the CoMP set.  
· Similar UE implementations to Releases 8-10 may be applicable.
 Disadvantages
· Additional signaling needs to be defined for indicating the cell to use for reference timing.
Alt. 3 Earliest arriving path from any cell within the CoMP set
Here the Release 8-10 definition of timing reference is generalized to be the earliest arriving path from not only the serving cell but from any cell within the CoMP set [4].
Advantages
· Earliest arriving paths are aligned with downlink timing at the nearest RP with a timing advance calculated from the delay measurements made only at the nearest RP. 

Each UE can be time aligned with the DL timing of its nearest RP by TA commands calculated from delays measured only at the nearest RP.  This may reduce the need for signaling timing measurements between RPs.  This is shown in Fig. 3.  TA commands for UE1 are calculated solely from uplink timing measurements at RP A.  Similar to what occurs in Releases 8-10, this aligns UE 1’s uplink signal with DL timing at RP A.  The same behavior takes place for UE2/RP B and UE3/RP C.  Note however that the timing advance to be signaled to the UE will be the minimum delay measured at each RP.
Disadvantages
· Frequent slewing due to detection/misdetection of paths associated with non-serving cells.  
As discussed in [4]

 REF _Ref314751744 \r \h 
[5] rays from non-serving cells may appear and disappear which could cause autonomous timing adjustment by the UE as early arriving rays are detected and then disappear.  While this is also a potential problem today, it is exacerbated by the increased number of transmission points in HetNet scenarios.  The limitation on the maximum rate of autonomous timing adjustment in Release 10 may limit the resulting performance degradation to an acceptable value however. 
· RAN4 test procedures would need to be modified to take into account timing reference changes due to the presence of multiple cells.
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Figure 3:  When the downlink reference is the earliest arriving path from any cell in the CoMP set (RP A, RP B, RP C), the timing advance can be calculated from only the nearest RP and no cooperation between RPs is needed for to align the first arriving path with DL timing at each RP.
Discussion
Alternatives 1 and 2 have the advantages of being robust to changes in the CoMP set and also being the most similar to Release 8-10 functionality. The primary advantage of Alt. 3 is the reduced signaling of uplink timing measurements between RPs.  However the timing command may need to be sent by a node different than where the measurement is made anyway.  This may occur for example in a Het Net scenario where the TA command is sent by the macro node but the nearest RP to the UE is an LPN.  In this case there is little additional complexity in the coordination required by Alt. 1.  There may be some situations where there is an advantage in changing the DL cell reference from the serving cell to some other cell but more information on specific cases and the amount of performance improvement possible would be needed.  Overall Alt. 1 would therefore seem to be the best choice for the DL timing reference.
4. Conclusion

Based on the following it is proposed that


Alt. 1:  Earliest arriving path from the serving cell


be chosen as the DL timing reference for UL CoMP.
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