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1 Introduction
This paper discusses whether it should be possible to perform other uplink transmission during the time when a preamble is sent on an SCell.
2 Background
To achieve UL synchronization on an SCell that belongs to a Timing Alignment group (TA group) which has another timing alignment than the PCell, it is necessary to perform random access on the SCell. The issue we want to analyze is whether we should allow parallel transmission of other UL data at the time as the preamble is sent on the SCell where the random access procedure is performed.

In Rel-10 it is not possible to send a preamble on an SCell, since random access on a SCell is not defined, and therefore parallel transmission of preamble and other uplink data cannot occur.
In the case of Rel-11, however, there can be more than one TA group and hence one TA group may already be in sync while another TA group is not. This means that UL transmission can be ongoing on other cells while the UE is ordered to send a preamble on a cell that is not yet in sync. Hence, it would seem that parallel transmission of a preamble on an SCell in one TA group, and other UL transmissions on cells in other TA groups would be beneficial for the system, because there will be no degradation in the number of subframes used for UL transmission when performing random access on an SCell. If, on the other hand, we would not support sending other UL data while a preamble is sent on an SCell, then we would have to accept that the subframes that would otherwise have been used for UL transmission for this UE cannot be used at the subframe when the preamble is sent.
It is also important to take into account that sending of preambles on SCells which belong to other TA groups than the PCell will introduce extra complexity in the UE, and also that this case will probably not occur very often, and hence a small degradation of throughput may be accepted in the subframes when a preamble on an SCell is sent.
3 RA on SCell in Parallel with other UL Transmission
This chapter compares the cases of supporting or not supporting parallel transmission of a preamble sent on an SCell with any other UL transmission.
3.1 Supporting Parallel RA on an SCell and other UL Transmission
List of the pros and cons of allowing parallel transmission of a preamble sent on an SCell and of other UL data or control messages sent on cells in other TA groups:
· + No need for the network to coordinate the time when an RA is ordered on an SCell and with other UL transmissions.

· + No loss of radio resources that can be used for sending data and/or control information at the subframe where the preamble is sent.
· - The UE need to support parallel transmission of a preamble and any other UL data, which will increase the complexity of the power handling of the UE.
· - Need some work in RAN1 and RAN4 to specify power sharing.

Observation 1: Supporting parallel transmission of a preamble on an SCell and of other UL data or control messages will avoid complexity in eNB and will use the available radio resources in an optimal way, but it will make the power handling of the UE more complex.
3.2 Not supporting Parallel RA on an SCell and other UL Transmission
List of pros and cons of not allowing parallel transmission of a preamble sent on an SCell and of other UL data or control messages sent on cells in other TA groups:

· + Easy to specify in standard: no impact on RAN4, and minor impacts on RAN1 and RAN2.

· + No extra complexity for the UE.

· – Some extra complexity in the eNB due to the need to coordinate network-initiated RA with scheduling on other cells

· – Accept some degradation of the throughput.

Observation 2: Not supporting parallel transmission of a preamble on an SCell and of other UL data or control messages will avoid complexity in the UE but will potentially not use the radio resources in an optimal way, and will introduce some complexity in eNB.
In the following sections we will analyze the consequence of allowing optionality for the UE to send UL data, or ensuring that no UL data will be scheduled. The analysis will be done for the different uplink channels:
· PUSCH

· PUCCH

· SRS

3.2.1 Avoid parallel Transmission on PUSCH

If it is optional for the UE to send PUSCH data at the same time as it sends a preamble, then the eNB can use DTX to detect whether PUSCH data has been sent or not. Hence, if DTX is detected for a scheduled PUSCH and this happens at the same subframe as a preamble is sent, then eNB can deduce that this was most likely because the UE did not send the PUSCH data.

If a DL HARQ ACK/NACK was expected in the same subframe as the PUSCH data and the UE did not send the PUSCH data, then eNB cannot know whether a downlink data has been successfully sent or not, and hence it must likely retransmit the data.
If eNB would ensure not to schedule PUSCH at the same time as it schedules a preamble, then this would mean that there will be no problem with a missed DL HARQ ACK/NACK provided that PUCCH can be sent. But this also means that the UL subframes in other cells cannot be utilized for other PUSCH transmission at this specific subframe.

The eNB can avoid scheduling a PUSCH if it is necessary at the subframe when the preamble is sent:
· Scheduling of new UL data can be avoided at this subframe.

· If there is a pending UL retransmission due in this subframe then the eNB can postpone the UL transmission by sending an ACK to the UE.
If the UE is capable of sending PUSCH data in parallel with a preamble then it is advantageous from a throughput point of view to not disallow it.
Observation 3: Allowing a UE optionality for sending PUSCH data in a subframe where a preamble is sent on an SCell, will not cause any problems for eNB. But if a UE is able to send a PUSCH in parallel with a preamble then it is beneficial to do that, in order not to decrease UL throughput.
Observation 4: If a DL HARQ ACK/NACK is due to be sent, then it is advantageous to not schedule PUSCH at the subframe where a preamble is sent on an SCell, because the DL HARQ ACK/NACK may be lost if the PUSCH sending is optional.
3.2.2  Avoid parallel Transmission on PUCCH

If it is optional for the UE to send PUCCH data at the same time as it sends a preamble, then the eNB can use DTX to detect whether PUCCH data has been sent or not.

The eNB can not easily avoid scheduling of PUCCH for all types of control data at the subframe when the preamble is sent:
· The eNB can ensure that no DL HARQ ACK/NACK is sent in this subframe, by not scheduling any DL data in the fourth subframe prior to the subframe when the preamble is sent.
This restriction will, however, cause a degradation of the utilization of DL radio resources because not all subframes can be used for transmitting DL data.
· If periodic CSI is due to be sent at this subframe, then this scheduling opportunity will be lost. This will cause a minor degradation in the estimation of the DL channel quality.
· If SR is due to be sent at this subframe, then it will be lost or delayed. This will not cause any degradation in the performance since the UE will soon anyhow get UL resources due to the ongoing random access procedure on the SCell.
To avoid the problem of a missing HARQ ACK/NACK it is beneficial for the system if a PUCCH transmission is not optional.

Observation 5: It is advantageous for the system to not allow the UE any optionality for not sending PUCCH data if PUCCH is scheduled at a subframe where a preamble is sent on an SCell.
3.2.3 Avoid parallel Transmission on SRS
If it is optional for the UE to send SRS, then eNB can not easily know whether SRS has been sent or not, since there is no DTX detection on SRS.
The eNB can not easily avoid scheduling of periodic SRS, but it can avoid it for a-periodic SRS:
· It is easy for the eNB to avoid that an a-periodic SRS is scheduled at this subframe.
· If a periodic SRS is due to be sent at this subframe, then this scheduling opportunity will be lost.

It is assumed that if SRS is not sent at a specific subframe, then this will only cause a minor degradation of the UL throughput, because SRS measurement will be resent at the next SRS opportunity.
Observation 6: Allowing a UE optionality for sending SRS data in a subframe where a preamble is sent on an SCell, will not cause any problems for eNB.

4 Summary
The conclusions that can be drawn from the above analysis are as follows:

· For a PUCCH transmission it is beneficial for the system if it can always be performed, because otherwise there is a risk that a DL HARQ ACK/NACK is missed, and this will not utilize the DL radio resources in an optimal way.

· For a PUSCH transmission it is advantageous if it can be done in parallel with a preamble transmission.

· For SRS there will only be a minor degradation of the throughput if it is not sent in parallel with the preamble.

Hence, it would seem logical to propose that PUCCH should be required to be sent in parallel with a preamble on an SCell and other UL data or control messages:

Proposal 1: The UE should be able to send PUSCH data at a subframe where a preamble is sent on an SCell in case power sharing is specified to support it.

Proposal 2: The UE should be able to support transmission of PUCCH data at a subframe where a preamble is sent on an SCell.

Proposal 3: It is optional for the UE to send SRS data at a subframe where a preamble is sent on an SCell.
5 Conclusion
Observation 1: Supporting parallel transmission of a preamble on an SCell and of other UL data or control messages will avoid complexity in eNB and will use the available radio resources in an optimal way, but it will make the power handling of the UE more complex.

Observation 2: Not supporting parallel transmission of a preamble on an SCell and of other UL data or control messages will avoid complexity in the UE but will potentially not use the radio resources in an optimal way, and will introduce some complexity in eNB.
Observation 3: Allowing a UE optionality for sending PUSCH data in a subframe where a preamble is sent on an SCell, will not cause any problems for eNB. But if a UE is able to send a PUSCH in parallel with a preamble then it is beneficial to do that, in order not to decrease UL throughput.

Observation 4: If a DL HARQ ACK/NACK is due to be sent, then it is advantageous to not schedule PUSCH at the subframe where a preamble is sent on an SCell, because the DL HARQ ACK/NACK may be lost if the PUSCH sending is optional.

Observation 5: It is advantageous for the system to not allow the UE any optionality for not sending PUCCH data if PUCCH is scheduled at a subframe where a preamble is sent on an SCell.

Observation 6: Allowing a UE optionality for sending SRS data in a subframe where a preamble is sent on an SCell, will not cause any problems for eNB.

Proposal 1: The UE should be able to send PUSCH data at a subframe where a preamble is sent on an SCell in case power sharing is specified to support it.

Proposal 2: The UE should be able to support transmission of PUCCH data at a subframe where a preamble is sent on an SCell.

Proposal 3: It is optional for the UE to send SRS data at a subframe where a preamble is sent on an SCell.
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