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1. Introduction

In RAN2#75 meeting, it is agreed that UE does not need to support parallel RACH. However, it has not been discussed whether UE needs to support simultaneous RACH and PUSCH/PUCCH/SRS.
In this contribution, the need of simultaneous RACH and PUSCH/PUCCH/SRS is studied and it is proposed that UE needs to support it.
2. Discussion
In Rel-10, when UE supports simultaneous PUSCH and PUCCH, power scaling is applied when the UE is in power limited scenario (e.g. in the cell edge). When it does not because of single carrier transmissions, whenever it happens, the UCI will be multiplexed with the UL-SCH data on PUSCH. SR will not occur if there is PUSCH to send the BSR. There is no scheduling restriction needed by the eNB to prevent collision of PUSCH and PUCCH. There is also no prioritisation between PUCCH UCI and the PUSCH.
Observation#1: In Rel-8/9/10, no scheduling restriction or special PUCCH configuration is required even when simultaneous PUCCH and PUSCH are not supported. There is also no prioritisation between PUCCH UCI and the PUSCH.
In Rel-8/9/10, there is no occasion when RACH will occur at the same time as PUCCH and/or PUSCH since RACH can only performed on PCell and in all cases except for one it will result in RRC Connection re-establishment. The only case where PUCCH will potentially occur with RACH is when there is no SR resource and UL data is available. RACH may be performed at the same TTI that the periodic CSI and/or ACK/NACK are to be sent. In the case that UE does not support simultaneous PUCCH and PUSCH, RACH and PUCCH cannot be transmitted at the same TTI in order to preserve single carrier transmission property. Nothing further seems to be specified in Rel-10 on this if UE supports simultaneous PUCCH and PUSCH. 
Also in Rel-10, whenever UL SRS coincides with PUCCH in the same subframe, type-0 triggered SRS is not transmitted by the UE. Whenever PUSCH coincides with the UL SRS symbol, the type-0 triggered SRS is also not transmitted. Thus priority is given to PUCCH and PUSCH over UL SRS.
With the introduction multiple TA, RACH Msg1 can also be transmitted on the SCell. Hence there will be TTI where RACH Msg1 initial transmission or retransmissions on SCell may coincide with either PUCCH or PUSCH on PCell/SCell or both (if simultaneous PUCCH and PUSCH are supported by the UE). If it is not mandatory for the UE to support simultaneous RACH and PUCCH/PUSCH, there are the following ways to avoid collision between PRACH on SCell and PUCCH/PUSCH:

· The eNB will have to try to avoid scheduling PUSCH and to configure the PUCCH resources to an UE having multiple TA at the same TTI as the PRACH opportunities of the SCell in the SCell TA group. 

· UE perform prioritisation between PRACH and PUCCH/PUSCH

In the following, simultaneous of PRACH with other UL transmissions are analysed: 

Simultaneous PRACH on SCell and PUSCH

UL grant can be assigned via dynamic scheduling or semi-persistent scheduling. When RACH on a SCell is needed in a SCell TA group, the eNB has to ensure that first transmission and the subsequent retransmissions of UL SCH do not coincide with the RACH opportunities of the SCell. For some RACH configurations like PRACH configuration index 14, 28, 29, 44, 45, 57, 58 and 59 (all subframes within a radio frames are used by RACH), there are no PRACH opportunities that will not coincide with PUSCH. For these PRACH configurations, the only way to ensure that there is no collision is to only send PDCCH order after all the PUSCH transmission and retransmissions are successful. There will hence be a complete stop of UL transmissions during the reception of PDCCH order to reception of Msg2 period
. If only contentionless RACH can be used for RACH on SCell, the PRACH configuration can be changed to configuration with less RACH opportunities using PRACH masking. For other PRACH configurations, PUSCH is still possible in some subframes. If UL SPS is configured and activated, it may have to reconfigure or release/deactivated (and use dynamic scheduling) if RACH opportunities coincide with SPS timing.
Alternative is to prioritise between PRACH on SCell and PUSCH on other SCell or PCell if collision occurs. Depending on the RACH format, the loss of PUSCH can be up to 3 subframes per preamble (re)transmission if PRACH is prioritised over PUSCH. If PUSCH is prioritised over PRACH, it will incur delay on bringing a SCell TA group back into UL sync. Further discussion is needed on which should be skipped if this approach is considered.
Observation#2: Scheduling restriction on PUSCH can avoid collision with RACH. However, it will reduce the flexibility for and increase the complexity of the eNB scheduler. If UL SPS is configured and activated, it may have to reconfigure to another subframe or release (and use dynamic scheduling) in order to avoid collision with PRACH opportunities. Prioritisation between PRACH and PUSCH may require further discussion.
Simultaneous PRACH on SCell and PUCCH

PUCCH carries UCI which consists of:

· SR
· HARQ ACK/NACK

· CSI

For SR, we believe it is quite unlikely that SR is sent while the eNB is attempting to bring SCell TA group back into UL synchronisation. However, if it does happen, again it may not be possible to avoid SR resource coinciding with PRACH opportunities of some PRACH configurations. PRACH masking can be used to stop PRACH opportunities coinciding with the SR timing if contentionless PRACH is used. For other PRACH configuration with limited RACH opportunity, SR resources may have to be reconfigured whenever UE requires multiple TAs. Alternative is to prioritise between PUCCH SR and RACH. Again prioritising the PUCCH SR over the RACH will delay in bringing the SCell TA group back into UL synchronisation while prioritising the PRACH over the PUCCH SR may affect the UL delay. Again further discussion is needed if this approach is considered.
Observation#3: If PUCCH SR can occur during UL synchronisation of SCell TA group, it may not be possible to avoid SR resource coinciding with PRACH opportunities of some PRACH configurations. In these cases reconfiguration of the SR resource may be needed whenever UE requires multiple TAs or UE should delay the SR until after the RACH on SCell. Prioritisation between PRACH on SCell and PUCCH SR may require further discussion and result in specification impact.
For HARQ ACK/NACK, it is the HARQ feedback for the PDSCH. Like in the PUSCH case, the eNB has to restrict the DL SCH transmissions and retransmissions in such a way that the HARQ ACK/NACK on PUCCH will not coincide with the RACH opportunities. As DL HARQ is asynchronous, it is easier to control where ACK/NACK will be received. However, like in PUSCH case, the eNB may have to stop DL SCH when PDCCH order is sent for some PRACH configurations. If only contentionless RACH can be used for RACH on SCell, the PRACH configuration can be changed to configuration with less RACH opportunities by using PRACH masking. For other PRACH configuration, the eNB may have to restrict DL scheduling to certain subframes when RACH on SCell is initiated by PDCCH order. 
Alternative is to prioritise between PUCCH ACK/NACK and PRACH on SCell. Since there is strict timing and resource allocation for the ACK/NACK, it seems better to delay PRACH on SCell. Again prioritising the PUCCH ACK/NACK over the RACH will delay bringing the SCell TA group back into UL synchronisation.
Observation#4: Scheduling restriction on PDSCH can avoid DL HARQ ACK/NACK collision with RACH. However, it reduces the flexibility and increases the complexity of the eNB scheduler. If DL SPS is configured and activated, it may have to reconfigure to another subframe or release (and use dynamic scheduling) in order to avoid collision with PRACH opportunities. Prioritisation between PRACH on SCell and PUCCH ACK/NACK may require further discussion and result in specification impact.
For CSI, periodic CSI can be sent by each serving cell. Each CSI is configured independently for each serving cell. Only 1 CSI from any serving cell can be sent on a subframe and different offset and periodicities are used to reduce collision of CSI among serving cells. Depending on the PRACH configuration and the number of serving cells configured with periodic CSI, it maybe difficult for the eNB to find PUCCH resources (for CSI of different serving cells) that may not coincide with PRACH opportunities completely. Alternative is to prioritise between PUCCH CSI and PRACH on SCell. In this case, it may be ok to drop the PUCCH CSI for the PRACH on SCell. However, this probably again require further discussion.
Observation#5: It maybe difficult for the eNB to find PUCCH resources for CSI that may not coincide with PRACH opportunities completely. UE may need to prioritise if collision occur. Prioritisation between PRACH on SCell and PUCCH CSI may require further discussion and result in specification impact.
Simultaneous PRACH on SCell and UL SRS

In Rel-10, UE drops the UL SRS when it coincides with PUCCH in the same subframe or does not transmit when it coincides in the same symbol as PUSCH transmission. The same concept can be used when UL SRS coincides with RACH.
Observation#6: UL SRS can be dropped if it coincides with PRACH.
In general, it may be possible to avoid PUSCH coinciding with RACH opportunities in many cases. However, it will reduce the flexibility and increases the complexity to the eNB scheduler. Also reconfiguration of the PUCCH resources for SR and CSI maybe needed whenever multiple TA is configured to avoid as much as possible the collision with PRACH opportunities. Furthermore, it may still be needed to specify the UE behaviour if collision occur (e.g. prioritising RACH with PUCCH/PUSCH and handling of RACH retransmissions etc). However such UE prioritisation will require further discussion and also result in more specification impact. On the other hand, mandating that the UE supports simultaneous PRACH and PUCCH/PUSCH means there is no such complications and the only thing to work on is the power scaling of these channels during power limitation scenario. Power scaling is already applied to PUCCH/PUSCH and adding PRACH on SCell should not be an issue in our view. Hence it is proposed that:

Proposal: It is mandatory for the UE to support the following simultaneous PRACH on SCell with other UL transmissions:.
· PUSCHs on PCell and/or SCells and PRACH on another SCell without PUSCH
· PUCCH and PRACH on a SCell

· PUCCH and PUSCH on PCell/SCell (if UE support simultaneous PUSCH and PUCCH) and PRACH on a SCell
If this proposal is agreed, a LS should be sent to RAN 1 to work on power scaling for simultaneous PRACH and PUCCH and/or PUSCH.
3. Conclusion

It is requested that RAN2 discusses the following proposal:
Proposal: It is mandatory for the UE to support the following simultaneous PRACH on SCell with other UL transmissions:.

· PUSCHs on PCell and/or SCells and PRACH on another SCell without PUSCH

· PUCCH and PRACH on a SCell

· PUCCH and PUSCH on PCell/SCell (if UE support simultaneous PUSCH and PUCCH) and PRACH on a SCell

If this proposal is agreed, a LS should be sent to RAN 1 to work on power scaling for simultaneous PRACH and PUCCH and/or PUSCH.
� If PDCCH order is sent at subframe n, then there won’t be any PUSCH at least for (6+RA window) subframes. Also RACH Msg1 may not succeed in the first transmission and retransmissions may be needed.   






- 1 -

