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1 Introduction
Multiple TA in CA has been introduced in Rel-11, and RAN2 has agreed to adopt multiple TA groups with transmission timing maintained independently. 

The introduction of multiple TA will bring several new multiple uplink channels transmission scenarios in CA. Issues related to these scenarios should be discussed, including transmission mechanism and power allocation.

In this contribution, we share our views on unintended simultaneous transmission due to multiple TA.
2 Discussion 
2.1   Unintended simultaneous transmission due to Multiple TA
In multiple TA system, it is very likely that the transmission timing among CCs in different TA groups (TAG) is not aligned. This timing misalignment may cause symbols on different UL CC partially overlap when UL CC belong to different TAG. It is noted that timing difference among cells could be up more than 30us, this means when UL transmission happens with CC1 in subframe n and CC2 in subframe n, the real transmitting time of uplink signal on one CC could be one symbol ahead/behind another CC as shown in figure 1.

When UL transmission occurs on CC1 in subframe n and also on CC2 in subframe n+1, the overlapping period of signals between these two CCs is almost one OFDM symbol in the extreme case as shown in figure 2.
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Figure.1 - UL transmission timing of different CCs belong to different TAG
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Figure.2 - UL transmission timing of different CCs belong to different TAG

2.1.1  Unintended simultaneous transmission of PUSCH + PUCCH/PUSCH
There are two unintended simultaneous transmission scenario for PUSCH + PUCCH/PUSCH:

1. Most of the symbols are overlapping as shown in Figure 3
2. One symbol overlapping as shown in Figure 4
When CC1 and CC2 are both scheduled in the same subframe, e.g. PUCCH/PUSCH on CC1 and PUSCH on CC2, due to different TAs allocated to CC1 and CC2, it is very likely that most of the symbols of PUCCH/PUSCH on CC1 and PUSCH on CC2 are overlapping, which are marked blue in figure 3.

Simultaneous PUSCH and PUCCH transmission on different CC or same CC in the same subframe, and multiple PUSCH transmissions on different CC in the same subframe had been supported in R10. For the case described in Figure 3, the simultaneous transmission principle of PUCCH and PUSCH on different cell in R10 can be reused.

If PUCCH is on CC1 and PUSCH on CC2, they could be transmitted simultaneously. If UL physical channel on CC1 and CC2 are both PUSCH, PUSCH on CC1 and CC2 should be transmitted simultaneously.

Overall, the unintended simultaneous transmission in scenario 1 is similar to the simultaneous PUSCH and PUCCH transmission in R10, especially when CC1 and CC2 are not continuously scheduled. On this basis, at least scenario 1, i.e. unintended simultaneous transmission of PUSCH+PUCCH/PUSCH, where most of the symbols are overlapping, should be supported in R11. 

The only remaining question of this scenario is the power scaling method when the transmit power of the overlapping symbols exceed UE maximum power.
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Figure.3 - Most of the symbols are overlapping
In our view, for the sake of simplicity and backward compatibility, if the transmitting power of the symbols in overlapping zone (marked blue in Figure 3) exceeds UE maximum power, the power scaling method in Rel-10 should be reused, and because power scaling is applied to subframe, i.e. the power of all symbols in same subframe be scaling equally, the power of non-overlapping symbols should be consistent with the power of overlapping symbols.

In Scenario 2, one CC is scheduled to transmit PUCCH/PUSCH in one subframe and another CC is scheduled to transmit PUSCH in the next subframe as shown in Figure 4. Due to multiple TA, the overlapping period of signals between these two CCs is almost one OFDM symbol in the extreme case. 


[image: image4.emf]2 2 TAG CC



1 1 TAG CC



Subframe i

Subframe i+1


Figure.4 - One symbol overlapping
Because of the introduction of multiple TA, it is difficult to avoid the occurrence of this scenario. Note this scenario does not appear in Rel-10, so the simultaneous transmission rules there cannot be applied in this scenario. New rule for this scenario should be considered in Rel-11. The following solution can be considered:

1. Network implementation solution so that one symbol overlapping simultaneous transmissions can be avoided. For example, do not continuous schedule on particular CC when eNB realizes that uplink signals on different CC from the same UE maybe overlapped, or setting the subframe in CC1 to cell specific SRS subframe.

This method has the advantage of no standard impact, but it introduces scheduling restrictions and system performance loss. When system is in heavy load, no continuous scheduling will degrade system performance and setting subframe to cell specific SRS subframe will cause waste of resource.
2. Rate matching the symbols which overlap with the symbol in next subframe or previous subframe in another CC, e.g. the green symbol on CC1 in figure 4. A priority of physical channel maybe needed to decide which symbol should be rate matched. 

This method may cause ambiguity of the symbol to be rate matched, as the understanding of transmitting time difference between UL CCs maybe different from UE and eNB.

3. Channel dropping based on priority. When UE realizes that the uplink signals on different CC maybe overlapping by one symbol, dropping corresponding uplink channel by a pre-defined priority. 

This method has the advantage of small standard impact, but it may cause frequent dropping of low-priority channel, which will degrade system performance especially in heavy-loaded system.

4. Hybrid transmission which combines solution 2 and 3 with simultaneous transmission. When overlapping happens, the UE will adopt one approach indicated by eNB. 
This method has small impact on system performance but is more complicated.

All the methods mentioned above can solve the problem with some shortcoming, therefore further considerations are needed.
When the power scaling method in Rel-10 is reused for the transmission power of overlapping symbol in scenario 1 in order to keep the transmission power of subframe n not exceeding UE maximum power, if the following subframe on another CC is scheduled to transmit PUSCH/PUCCH e.g. subframe n+1 on CC2 as in figure 5 then the symbol which is not overlapping in CC1 will have impact on CC2 at subframe n+1 (marked green in Figure 5). This power scaling problem here is similar to scenario 2 described in Figure 4 with only one symbol overlapping (marked green in Figure 4). 


[image: image5.emf]2 2 TAG CC



1 1 TAG CC



Subframe n

Subframe n+1 Subframe n


Figure.5 

In the scenario described above, when power limit happen in the symbols overlapping, it is no doubt that new power scaling method should be defined, following scaling method are suitable for solving the problem:

1. Equal scaling: Scale the power of channels equally.
2. Prioritized scaling: Scale the power of the channels via pre-defined priority, such priority can be derived based on channel type or subframe index.

Observation 1: Transmit rules and power scaling method for unintended simultaneous transmission of PUSCH + PUCCH/PUSCH should be further studied
2.1.2  Unintended simultaneous transmission of SRS + PUCCH/PUSCH
Another scenario is unintended simultaneous transmission of SRS+PUCCH/PUSCH. Unlike PUSCH+PUSCH/PUCCH situation, SRS + PUCCH/PUSCH simultaneous transmission in one symbol is not supported in Rel-10. In case of SRS on one serving cell colliding with PUCCH on PCell in one subframe, SRS is transmitted if shortened PUCCH format is used; otherwise, SRS is dropped. In case of SRS on one serving cell colliding with PUSCH on another serving cell in one subframe, SRS is transmitted if PUSCH is rate-matched based on the last SC-FDMA symbol; otherwise, SRS is dropped.

But this Rel-10 rule is not suitable here because in R11, when different TA is configured to the CCs, these CCs may not be time aligned. As shown in Figure 6, because of different TA, the SRS (marked green in figure 6) may not be time aligned with the last symbol of PUSCH/PUCCH on another CC. 
The transmission rule for SRS can’t work well in this case, for example, if subframe n are cell specific SRS subframe, PUSCH on CC1, and SRS on CC2. Following R10’s rule, the last symbol on CC1 in subframe n should be rate matched and SRS on CC2 should be transmitted, but as shown in figure 6, the SRS on CC2 will still collide with the penultimate symbol on CC1.
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Figure.6 - UL transmission timing of different CCs with SRS and PUSCH/PUCCH belong to different TAG

Another case is shown in Figure 7, SRS on CC2 are not overlapping with the last symbol on CC1, and the next subframe on CC1 is not scheduled. There is no symbol overlapping, so whether subframe n is cell specific SRS subframe or not, SRS on CC2 should be transmitted. But following R10’s rule, SRS on CC2 is only transmitted when subframe n is cell specific SRS subframe.
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Figure.7- UL transmission timing of different CCs with SRS and PUSCH/PUCCH belong to different TAG

In R11, because of the targeted optimization scenario in CA is 5 active CCs, compared to 2 active CCs in R10, the transmission opportunity of SRS will be significant increased. The introduction of CoMP exacerbates this situation, especially in TDD system. So it may not be suitable to drop SRS when unintended simultaneous transmission of SRS + PUCCH/PUSCH. Note if transmission situation in figure 8 happens where subframe n+1 on CC1 is scheduled, SRS (marked green in figure 8) and PUSCH/PUCCH are overlapping， then the transmission rule in R10 cannot work too, similar to the scenario shown in figure 6. In summary, new rule for simultaneous transmission of SRS + PUCCH/PUSCH should be defined in R11.
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Figure.8- UL transmission timing of different CCs with SRS and PUSCH/PUCCH belong to different TAG

The solutions mentioned in section 2.1.1 can be reused in the case in figure 6 and figure 8, but frequently dropping of SRS should be avoided. The power scaling method mentioned in section 2.1.1 can also be applied in unintended simultaneous transmission of SRS + PUCCH/PUSCH.

Observation 2: Transmit rules and power scaling method for unintended simultaneous transmission of SRS + PUCCH/PUSCH should be further studied.
3 Conclusion
In this contribution, we discuss several transmission unintended simultaneous transmission scenarios related to multiple TA. Consider the potential impact of introducing multiple TA, we present our observations:

Observation 1: Transmission rules and power scaling method for unintended simultaneous transmission of PUSCH + PUCCH/PUSCH should be further studied
Observation 2: Transmit rules and power scaling method for unintended simultaneous transmission of SRS + PUCCH/PUSCH should be further studied
We also present our candidate solutions to these problems in the discussion.
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