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1. Introduction

Multiple timing advances (TA) in CA have been introduced in Rel-11.
In RAN2 #75 meeting, the following agreements were achieved [1] as below: 
· The UE does not need to support execution of 2 parallel RACH procedures in parallel.
·  Will go for solution with one TA Timer(TAT) per TA Group(TAG)
· Will enable usage of separate values for the different TAG’s
· When the TAT associated with PCell expires, all TAT’s are considered expired i.e. and the UE follows the Rel-10 behavior, i.e. the UE flushes all HARQ buffers, clears any configured assignments/grants, and RRC releases PUCCH/SRS for all configured serving cells
· When the TAT associated with an SCell TAG expires,
· SRS transmissions in SCell TAG shall be stopped(FFS if SRS configuration is released)
· CQI/PMI/RI reporting configuration for the SCells is maintained.
· MAC flushes all uplink HARQ buffers for the concerned SCells.
In RAN2 #75bis meeting, a RA based solution is only supported for multiple timing advance[2].
In this contribution, we discuss the simultaneous uplink channel transmissions particularly focusing on PRACH transmission on SCell and other UL channel transmissions on other cells in the context of multiple TA support. 
2. Discussions on simultaneous transmission of multiple uplink channels in Rel-8/9/10

In Rel.-8/9[2], to preserve single carrier property, it is not possible to transmit PRACH and PUCCH/PUSCH/SRS simultaneously. However, in Rel.-10 [3], there are of simultaneous transmission cases in multiple Cells as summarized below:
· The UE transmits multiple PUSCHs in different serving Cells
· The UE transmits PUSCH simultaneously with PUCCH in PCell and transmits PUSCH(s) in SCell(s) in the same subframe.
· The UE transmits SRSs in different serving Cells

3. Discussions on simultaneous transmission of multiple uplink channels in Rel-11
This chapter discusses the possible scenarios for the simultaneous transmissions of PRACH and other UL channels on different cells with multiple TA groups.

The multiple TA has been introduced in Rel-11 since the UL signal can experience different propagation characteristics depending on deployment scenarios in inter-band carrier aggregation. Each TA group has its own TA timer (i.e. one TA timer (TAT) per TA group (TAG)) and the relationship between configured CC and TA group is configured by RRC signaling [4]. 
Fig.1 depicts an exemplary scenario to explain the simultaneous transmission of PRACH and other UL channels. There are two TAGs where the first TAG consists of a PCell and an SCell (SCell1) and the second TAG has one SCell (SCell2). In case that the TAT for TAG 2 is expired where the SCell2 is not synchronized, it may be possible to transmit PRACH on SCell2 while PUCCH, PUSCH, or/and SRS is (are) transmitted on other cells. 
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Fig. 1 Example of transmission of PRACH on SCell2 and other UL channels on PCell
Observation 1: It may be possible to transmit PRACH on an SCell and other UL channels on other configured serving cells in the same subframe when the SCell in a TAG is not synchronized but the PCell in another TAG is synchronized.

On the other hand, in case that the first TA group having PCell are not synchronized (i.e. the TA timer associated with PCell is expired), all TA timers are considered expired according to Rel-10 behaviour [1]. Since the UE flushes all HARQ buffers, clears any configured assignments/grants and releases the RRC for PUCCH/SRS for all configured serving cells, the simultaneous transmission of PRACH and other UL channels would not happen. 
Observation 2: It may not be possible to transmit PRACH on the PCell and other UL channels on other configured serving cells in the same subframe when the PCell in a TAG is not synchronized but the SCell in another TAG is synchronized.

 In addition to the case that PRACH is transmitted for non-synchronized circumstances, the PRACH may be used to transmit SR using PRACH during RRC_CONNECTED when SR resource is not available in UL arrival or when it is triggered for positioning purpose. Fig.2 shows the exemplary scenario to transmit PRACH on PCell and SRS on SCell 2.
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Fig. 2 Example of transmission of PRACH on PCell and other UL channels on SCell   
Observation 3: It may be possible to transmit PRACH on PCell and other UL channels on other configured serving cells in the same subframe even in RRC_CONNECTED.

From the observations above, eNB needs to ensure that the case of simultaneous transmission of PRACH and other UL channels never happens by implementation based solution. In case of inter-band CA, however, time difference between multiple TAG can be so large that implementation based solution may yield restriction on scheduling that can not be ignored. Moreover, it is further observed that the relevant UE behavior needs to be specified in order to make clear UE implementation in specification perspective. Since the multiple RF chains will be used to multiple TA groups, it is natural to allow the simultaneous transmission of PRACH and other UL channels for different TAGs in the same subframe. This could help to alleviate the eNB implementation burden as well as to consider the possible future extension, for example, as serving cells with different TAGs are located in the different sites in carrier aggregation. 
If simultaneous transmission of PRACH on an SCell and other channels on other cell(s) is allowed, the maximum transmission power limitation handling of UE should be considered in specification perspective. A natural approach would be based on the channel priority applied in Rel-10. There are two cases of simultaneous transmission of PRACH and other UL channels such as following[5]: 

· PRACH on SCell and PUCCH/PUSCH 

· PRACH on SCell and SRS

Considering above cases, channel priorities can be as following respectively

1. PRACH on SCell and PUCCH/PUSCH

Alt.1 PRACH on SCell > PUCCH > PUSCH with UCI > PUSCH without UCI

Alt.2 PUCCH > PUSCH with UCI > PUSCH without UCI > PRACH on SCell
Alt.3 PUCCH > PUSCH with UCI > PRACH on SCell > PUSCH without UCI 
2. PRACH on SCell and SRS

Alt.1 PRACH on SCell > SRS

Alt.2 SRS > PRACH on SCell

PRACH can be more than one subfarme depending on PRACH format. Assuming two subframe PRACH preamble, this would result in simultaneous transmission of PRACH and other UL channels across different subframes. To guarantee the reliability of PRACH preamble, it is desirable that the power of PRACH needs to be consistent during PRACH preamble by setting higher priority than other UL channels. Otherwise, the power level of PRACH could be changed across the subframes.
In addition, in the case of simultaneous transmission of PRACH for non-synchronized circumstances on PCell and SCell’s UL transmission, it seems natural to prioritize PRACH on PCell over other UL transmissions, that is,

· PRACH on PCell > other UL channels 

Proposal: PRACH has the highest priority in maximum transmission power limitation handling of UE regardless of its transmission on PCell or SCell.
4. Conclusion

 This contribution discussed some possible scenarios to transmit PRACH on a certain serving cell and other UL channels on other serving cells. From the discussions, our observations are;

Observation 1: It may be possible to transmit PRACH on an SCell and other UL channels on other configured serving cells in the same subframe when the SCell in a TAG is not synchronized but the PCell in another TAG is synchronized.

Observation 2: It may not be possible to transmit PRACH on the PCell and other UL channels on other configured serving cells in the same subframe when the PCell in a TAG is not synchronized but the SCell in another TAG is synchronized.
Observation 3: It may be possible to transmit PRACH on PCell and other UL channels on other configured serving cells in the same subframe even in RRC_CONNECTED.

From the above observations, it is natural to allow the simultaneous transmission of PRACH and other UL channels for different TAGs in the same subframe. In this case, the maximum transmission power limitation handling of UE should be considered in specification perspective.
Proposal: PRACH has the highest priority in maximum transmission power limitation handling of UE regardless of its transmission on PCell or SCell.
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