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Discussion and Decision
1 Introduction 
The scenarios whether should apply multiple TA have been discussed in RAN2 Rel-10 based on the LS [1] in RAN2 #68bis from RAN4.Four scenarios in [1] and give their conclusion that scenarios 2~4 need multiple TA in UL transmission.

RAN47 has the final conclusion:

With regards to FDD UL:

· Work on intra-band aggregation should be prioritized in RAN4 till March 2011.

· Deployment scenarios with RRH and repeaters (and hence multiple TA maintenance) should be supported when
inter-band aggregation is supported, e.g., in Rel-11.

In this paper, we introduce the analysis of multiple TA needs in the flowing three scenarios:

· Inter-band carrier aggregation scenario;
· Carrier aggregation deployment scenario with repeater;
· Carrier aggregation deployment scenario with RRH.
2 Discussion
2.1 Should multiple TA be supported in the Inter-band aggregation scenario?

It has been decided in RAN 47 that inter-band carrier aggregation must be supported.RAN2 raised a question about whether multiple TA should be provide or not with inter-band aggregationin scenarios 2~3 described in [2] and a related LS[3] was sent to RAN4. 
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Figure1: scenario2: Cells are co-located and overlaid

[image: image2.emf]
Figure2: scenario3: Cells are co-located and partly overlaid
After discussed the necessities of supporting multiple timing advances for scenario #2 and #3 in [2], RAN4 concluded that the timing difference for the strongest paths is less than 0.52 us (one timing advance step) for 97-98% of the cases and always less than 2.5 us. RAN4 also indicated that they were investigating the performance and complexity impact of timing misalignment on link performance. Some research in [4] on inter-band carrier aggregation with carrier in 800MHz and carrier in 2GHz has show that the time delay of these two carriers is hundreds of ns which less than 0.52us (one timing advance step) most of the time . Considering the result, multiple TA may nott be necessary in this scenario.

According to RAN4’s reply, we may deduce but are not sure that multiple TA is not necessary in inter-band CA without RRH or repeaters. In addition, RAN4 also replied that it was agreed in RAN47 that inter-band CA supporting discussion should be proposed to Rel-11, and there is no explicit conclusion of the necessarily of supporting multiple TA in inter-band CA so far. Therefore, we suggest RAN 2 should first identify the necessity of providing multiple TA in inter-band CA with RAN4 in forward study of multiple TA in Rel-11.

Proposal1: RAN2 is kindly asked to identify the necessity of supporting multiple TA in inter-band CA scenario with RAN4 in Rel-11.

2.2 Discussion the principles for supporting multiple TA

It is noticed that many companies shared a view that multiple TA should be supporting in the scenarios with RRH and repeaters. In order to accerlarate the discussion, two alternative principles for supporting multiple TA are listed below.

Principle One：Multiple TA should be supported when time difference between uplink signals in different CCs is large than one time advance step
A time advance step is defined as 16Ts i.e. 0.52us in Rel-8/9.In carrier aggregation scenarios in Rel-10 only intra-band is supported in uplink PCell and therefore SCells use the same value, 0.52us, for a time advance step. According to RAN4’s LS [2], we deduce that multiple TA should be introduced when the time difference is more than 0.52us i.e. a time advance step. So principle one for supporting multiple TA is that time difference between uplink signals in different CCs is large than one time advance step.
Principle Two：Multiple TA should be supported when time difference in various CCs is more than a new threshold.

Timing between UE signals needs to be sufficiently accurate within a fraction of cyclic prefix in Rel-8/9 conculsion. According to the analysis in [6], the throughput deterioration due to timing accuracy of ±1.04 µs (or less) remains acceptable, even in the difficult interference situations as shown by the simulation scenarios. When the timing accuracy is ±1.56 µs or more, the performance deteriorates rapidly. Therefore, if the tradeoff between accuracy and throughput is tolerable, it is worthy expanding the current multiple of the value of time advance step. Consequently, another principle is when the time difference in various CCs is more than a new threshold, for instance, n times of time advance step, multiple TA should be used. Here n is FFS.
Further detailed discussion can be found in the followsing scenarios.
2.2.1 Carrier aggregation with repeaters


[image: image3.emf]
Figure3 carrier aggregation with frequency selective repeaters
Here we introduce the analysis of repeater scenario with figure 2 based on the discussion above. 
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Figure4 A assumption scenario of CA with repeater
The ssumptions in the figure above are:
(1) PCell is associated with f3;
(2) SCell 1 and SCell 2 are associated with f1 and f2 separately;
(3) The signal in f3 arrives directly to the eNB with the transmission delay (T3) and the signals of SCell 1 and SCell 2 in f1 and f2 transmit through the repeater to eNB with the transmission delay (T1 and T2) respectively.
Signals transmit separately in three frequencies go through different transmission paths for the existence of the repeaters. The transmission delay depends on the different transmission paths (signal in PCell: the transmission path delay between eNB and UE; Signal in SCells：the transmission path delay between UE and repeater plus the one between repeater and eNB) and the processing delay of the repeaters, so T1 and T2 are larger than T3.The time difference is described in figure3 below, and T1’is the time difference between signals in f1 and f3, T2’is the time difference between signals in f2 and f3 :
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Figure3 CA scenario with repeater latency comparison
Research in [5] has shown that the total delay with frequency selected repeaters is simply 4~6us in GSM network. Uplink multiple TA should be supported in this scenario according to principle one described in 2.2.But considering the principle two in 2.2, maybe multiple TA no need to support in some repeater deployment scenarios which considering how large the time advance step could be expended. 
Observation 1: in the deployment scenario with repeaters, multiple TA should be supported according to principle one and maybe not according to principle two. 
2.2.2 Carrier aggregation with RRH

[image: image6.emf]
Figure4 carrier aggregation with RRH
The carrier aggregation deployment scenario with RRH is also a hot scenario which has been discussed in Rel-10 and many companies have suggested introducing multiple TA in this scenario.
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Figure5 CA scenario with two non-collocated sites

According to figure5 above, the UE communicates with two non-collocated sites on the two carriers. Assume that site1 is the eNB with PCell in f1 and site2 is a RRH with SCell in f2.The connection with site1 and site2 is fiber. The UE sends the uplink signals in f1 and f2 simultaneously, the transmission time of signal in f1is T1 and that of signal in f2 is T2. According to the deployment described in figure4, T2 is shorter than T1 because processing delay of the RRH and transmission delay in fiber are all counted as the eNB processing delay.The time difference between signals in f1 and that in f2 show in Figure4 below：
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Figure6 Carrier aggregation scenario with RRH latency comparison
Observation 2: according to the analysis above, transmission delay of uplink signal in the frequency of RRH is shorter than the one in the freqnency of eNB. 
The cell overcast radius is about 0.3km to 1km in CA scenario described in [9] and the timing difference between T1 and T2 i.e. T1’ is about 1us~3us without obstructions in the transmission paths. According to the rule of the principle one in 2.2 multiple TA should be supported but maybe not according to principle two. Since RRH is known by the eNB and the transmission delay through RRH is relatively fixed, we can identify whether multiple TA should be used in some RRH scenarios by estimation. 
Observation 3: in the deployment scenario with RRH, multiple TA should be supported according to principle one and maybe not according to principle two. 
Based on all the discussion above, we have the proposal as follows.

Proposal2：RAN2 is kindly asked to confim the principle to introduce multiple TA in RRH CA and repeater CA scenario with RAN4 in Rel-11.
3 Conclusion 
According to the analysis described above, we propose that:
Proposal1: RAN2 is kindly asked to first identify the necessity of supporting multiple TA in inter-band CA scenario with RAN4 in Rel-11.
Proposal2：RAN2 is kindly asked to confim the principle to introduce multiple TA RRH CA and repeater CA scenario with RAN4 in Rel-11.
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