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1 Introduction

The UL CoMP technology was agreed on by 3GPP as being the key technology for increasing the UL spectrum efficiency. One of the identified challenges associated with the UL CoMP is the timing advance related to a second reception point (RP2). 
During the November 2011 San Francisco meeting, this challenge was object to multiple investigations and progress has been made, as follows:

A.  [1] identified the limit imposed on the maximum aggregate TA adjustment.

B.  [2] singled-out the possibility of avoiding performance degradation if the channel spread max<CP
C. [3] suggests the network should manage UL TA.
D.  [5] proposes an unique average UL TA value to be used for both RP1 and RP2.
This paper makes recommendations intended to reach a reasonable performance-cost UL TA trade-off.
2 UL Timing Advance Challenges.
2.1 Max Aggregate TA adjustment rate and accuracy rates in UL CoMP.
UL CoMP operation faces the following challenges when the TA values for the primary receiving point (RP1, consisting of one or multiple receiving antennas) and the secondary receiving point (RP2), exceeds a certain threshold. 
The following assumptions have been made, as reflected in Fig. 2-1:

· An UE is positioned at equal distanced referenced to two receiving points RP1 and RP2.

· While there is a direct path RP1(UE, the RP2(UE path is obstructed

· A reflective surface is positioned along the circle based on the UE-RP2 diameter.

Accordingly the total propagation path length UE(RP2 is ,-, 1.41*PL1.
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Figure 2‑1 Increased RP2 propagation path example.

Other similar examples (particularly linked to urban propagation environments) could be defined.

Based on this example, the propagation time difference between the RP1 and RP2 (referenced to UE) related propagation path is expressed in multiple of Ts (32 ns) for different path length PL1 values (see Fig. 2-2). The X axis is expressed in PathLength (RP2-RP1) expressed in [m]
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Figure 2‑2 Delta (RP2-RP1) propagation time expressed in multiple of Ts.

[8] specifies the following limitations with regards to TA

A. #7.1.2 specified that the maximum aggregate [TA] adjustment rate shall be Tq per 200 ms, where Tq=2*Ts (BW=10 MHz). The other Tq values are expressed in Table 7.1.2-2
B. #7.3.2.2 requires a relative TA accuracy better or equal to +/-4*Ts to the signalled TA value compared to the timing of preceding UL transmissions. 

C. The Rel.10 spec assumes eNB’s ability to determine UE’s required TA doesn’t impact the minimal TA MAC message step (16*Ts).
While the simultaneous conditions A and B make sense for tracking RP1 TA variations only, they formulate contradictory conditions when applied to the RP2.

Considering the example illustrated in Fig. 2-1, it appears that:

1. The max TA accuracy error specified in #C is exceeded when the PropagationLength(RP2-RP1) >100m. This assumes UE executed a UL CoMP operation and switches between RP1 to/from RP2.

2. Assuming UE could calculate the RP2 TA, based on condition #A, UE RP2 related TA would require 200 ms (200 sub-frames) in order to adjust TA to the RP2 related requirements, should the TA(RP2-RP1)=2Ts. For most of the RP2 operation cases this requirements is exceeded.
Adding to these observations, the fact that UE is mobile and the propagation path are more often NLOS than LOS, we can conclude that specifications #A and #C of [8] may not support UL CoMP operation.

Observation 1: The max aggregate TA adjustment rate specified in [8] #7.1.2 needs further study in order to support UL CoMP operation, since the specification would be exceeded in most of the operational UL CoMP cases.
2.2 Unique TA settings for UL CoMP Operation
While [1] to [7] analyzed the RP2 TA implications, pointing out to possible problems and based on the minimal actual specifications impact, the following performance related points should be also considered, if an unique TA setting should be finally agreed on (as indicated by [6]).
Observation2: For different multi-path propagation paths, the performance degradation impact of superimposing the related channel spread when expands outside related CP of the neighboring symbol, should be analyzed.
Without knowing the OFDMA performance impact of exceeding the CP safety guard caused by a different RP TA value, while assuming an unique TA value, it may not be possible to understand the full implications of using an unique TA setting for UL CoMP. 
3 Conclusions

Supporting UL CoMP with an unique TA could cause significant performance degradation (the larger is the PathLength (RP2-RP1), the larger is the performance degradation).
1. The max aggregate TA adjustment rate specified in [8] #7.1.2 needs further study in order to support UL CoMP operation.

2. For different multi-path propagation paths, the performance degradation impact of superimposing the related channel spread when it expands outside the CP of the neighboring symbol should be analyzed.

If a unique TA setting supporting UL CoMP will be agreed on, then the resulting UL CoMP specification will be confined to a limited amount of practical applications targeting close adjacent RH (in C-RAN networks) or HeNB operation.

If PathLength (RP2-RP1)>=100 m is required be supported, dual TA should be specified.
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