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1 Introduction
To support multiple TA groups in Rel 11, PRACH can be transmitted on SCell. It is triggered when the eNB wants to bring the UL of the SCell TAG back into synchronization. The initial transmission or the retransmission of PRACH on SCell can possibly coincide with PUCCH on PCell or PUSCH on PCell/SCell(s), or SRS on PCell/SCell(s). RAN2 sent an LS [1] and asked RAN1 to discuss whether parallel transmission of PRACH on SCell and PUCCH/PUSCH/SRS on other cells in UL sync should be supported. The observations from RAN2 include:
· Prioritising PRACH on SCell over PUSCH on other cell(s) which is in UL sync with continuous UL transmissions will result in loss of UL throughput.

· Prioritising PUSCH on other cell(s) which is in UL sync with continuous UL transmissions over PRACH on SCell will delay bringing a SCell into UL sync. 

· Prioritising PRACH on SCell over the PUSCH/PUCCH which carries the DL ACK/NACK will result in unnecessary PDSCH retransmission.

· Prioritising PUSCH/PUCCH which carries the DL ACK/NACK over PRACH on SCell will delay bringing SCell into UL sync.

In this contribution, we discuss different options to handle the parallel transmissions and provide recommendations.
2 Discussion 
The initial transmission or the retransmission of PRACH on SCell can coincide with PUCCH on PCell and/or PUSCH/SRS on PCell/SCell(s), which does not typically occur in Rel 10 where PRACH is only transmitted on PCell. There are mainly two options to handle the scenario:
· Option 1: The UE does not support the simultaneous transmissions, and it is handled by UE prioritization alone, or a combination of eNB scheduling constraint and UE prioritization.

· The eNB scheduler tries to avoid the simultaneous transmissions whenever possible. However, it may be difficult to entirely avoid the simultaneous transmissions by this method alone. It does not have specification impact, but it puts additional constraint at the eNB scheduler, increases eNB complexity, and possibly results in worse system/user experience.

· When the simultaneous transmissions occur, the UE prioritizes the channels and transmits only one.

· Option 2: The UE supports the simultaneous transmissions, and performs appropriate power scaling when the power limit is reached. The main issue is to how to perform power scaling when needed.
Option 2 does not have any performance impact when the power limit is not reached. The power scaling would need to be considered/defined, but it only occurs to the UEs in poor RF, thus small system performance impact. In the following subsection, we discuss Option 1 for each possible scenario and its potential impact.
2.1 Parallel transmissions of PRACH and PUSCH
Parallel transmissions of PRACH and PUSCH can occur when there is UL data transmission on the PCell or other SCell(s) in sync. If option 1 is used, 
· The eNB can try to make sure the initial transmission and possible retransmissions of PUSCH do not collide with the initial transmission and possible retransmissions of PRACH on the SCell.
· Currently it is agreed that PRACH on SCell can only be triggered via PDCCH order. Therefore the eNB has control on the timing of initial PRACH transmission. The eNB can at least schedule the PUSCH and PRACH in a way such that the initial transmission and possible retransmissions of PUSCH do not collide with the initial transmission of PRACH.
· However, the timing of the PRACH retransmission(s), if needed, is not completely under the eNB’s control, Therefore, the collision between PRACH and PUSCH may not be completely avoidable, even though the probability is small.

· If the eNB does not try to or fails to ensure that PRACH and PUSCH do not collide, the UE can either prioritize PRACH over PUSCH, or prioritize PUSCH over PRACH.

· If PRACH has higher priority, there will be a loss of some PUSCH subframes, thus incurring additional PUSCH HARQ retransmissions and throughput degradation.

· If PUSCH has higher priority, it effectively means delaying the PRACH preamble until a subframe in which there is no PUSCH. This will incur additional delay for the RACH process. It can be especially significant if the UE has large amount of UL data that is continuously transmitted (which is exactly when additional UL SCell is beneficial).
2.2 Parallel transmissions of PRACH and PUCCH
PRACH can coincide with HARQ-ACK, periodic CSI, or SR on PUCCH (PCell). The collision of PRACH and SR is considered to be a very rare scenario. Therefore it is considered as insignificant, in the sense that no matter which option is adopted, there will be little performance impact. The discussion here focuses on HARQ-ACK and periodic CSI only.
For option 1:

· To avoid the collision between PRACH and HARQ-ACK on PUCCH, the considerations at the eNB scheduler are very similar to what was previously discussed for PUSCH. The eNB tries to schedule the DL transmission so that the HARQ-ACK does not collide with the RACH initial transmission and possible retransmissions. A minor difference is that DL transmission can be asynchronous, so the eNB has more flexibility when scheduling the DL retransmissions.
· It may or may not be possible for the eNB to completely avoid the collision between PRACH and periodic CSI on PUCCH. It depends on the RACH configuration and the periodic CSI configurations. The periodic CSI is configured per cell, and it is generally expected the CSI for multiple cells are configured in a TDM fashion to minimize CSI dropping. Depending on the CSI periodicity and the number of cells, there can be very limited options to configure the CSI, if any. This can pose difficulty when the eNB tries to distribute the PUCCH load across subframes. If an already configured CSI collides with RACH, the eNB would need to reconfigure it.
· If the UE prioritizes PRACH over PUCCH HARQ-ACK, and HARQ-ACK is dropped, it can incur unnecessary retransmission for the DL and result in throughput loss.

· If the UE prioritizes PRACH over CSI, the CSI dropping affects the quality of the channel feedback, and may result in slight degradation in downlink throughput during RACH process.
· If the UE prioritizes PUCCH HARQ-ACK/CSI over PRACH, it will incur additional delay for the RACH process.

2.3 Parallel transmissions of PRACH and SRS
The considerations for PRACH and SRS are essentially the same in principle as those for PRACH and periodic CSI, thus not repeated here.
3 Conclusion
Based on the discussions, we prefer that simultaneous transmissions of PRACH and PUCCH/PUSCH at the UE are supported, in order to minimize the system performance impact. This would require the UE to perform power scaling when the maximum power is reached. The UE is already handling PUCCH/PUSCH power scaling in Rel 10, and it will need to be extended further to accommodate the different transmission timing in multiple TA groups. Power scaling for PRACH and PUCCH/PUSCH would be just one additional case to handle. This issue is further discussed in a companion contribution [2].
The main use cases for this include: (1) when the UE has continuous or nearly continuous transmission on the PDSCH and/or PUSCH, and the eNB would need to stop scheduling the PDSCH/PUSCH transmission for a subframe in order to accommodate the PRACH on the SCell; (2) when the periodic CSI and/or SRS coincides with all the periodic PRACH access slots.

At the same time, we recognize that PRACH on SCell may be a relatively infrequent event in the system if the eNB generally tries to avoid it. Even if the handling is not optimal and results in some performance loss, the loss is limited to the subframe when RACH is transmitted on the occasions when the eNB scheduler cannot avoid the collision. Therefore the overall system impact is probably small. So it may also be acceptable if the UE only does prioritization PRACH and other channels, not parallel transmissions. In this case, it would be preferred to give PRACH higher priority, since the eNB could choose which channel to deprioritise by sending the PDCCH order in an appropriate subframe, and therefore when the UE received a PDCCH order it could assume that the eNB wanted it to deprioritise the other channel.
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