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1	Introduction
The work item “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” [1] considers the possibility to support UCI signaling on PUCCH in PUCCH SCell. This also includes the possibility of SR transmission on PUCCH in PUCCH SCell. In RAN1 #80bis meeting, the following agreement regarding SR on PUCCH SCell was reached:
Agreement: Send an LS to RAN2
· SR on PUCCH Scell can be supported
In RAN2 #89bis meeting, SR on PUCCH SCell was also discussed and some agreements were reached as follows:
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1: As a working assumption, SR on SCell with PUCCH is supported.
2: Whether to configure D-SR only on PCell, only on the SCell with PUCCH, or on both PCell and the SCell with PUCCH is up to eNB implementation.
3: Have only one SR procedure regardless of whether D-SR is configured on multiple cells, i.e. one SR_COUNTER which is increased when D-SR is sent on either PCell or SCell and one sr-ProhibitTimer. 



In this contribution, we discuss issues and possible solutions of SR transmission on PUCCH SCell from RAN1 point of view.

2	Discussion
  It is agreed that SR resources can be configured only on PCell, only on PUCCH SCell, or on both PCell and PUCCH SCell. From PUCCH offloading perspective, SR only on PUCCH SCell is a reasonable configuration. On the other hand, SR on both PCell and PUCCH SCell allows for more flexibility of SR transmission, and also, SR resource on PCell can be used as a spare resource in case when PUCCH SCell is deactivated, thus, latency can be reduced by avoiding the need of RA procedure when SR resource on PUCCH SCell is not available.
  It is likely that SR resources on PCell and PUCCH SCell would be configured in interleaved subframes, however, there are some occasions where SR resources on PCell and PUCCH SCell appear in the same subframe. In this case, UE needs to select from the two PUCCH which the SR should be transmitted on when both SR resources are available.
  One simplest way is to always transmit SR on PCell or to always transmit SR on PUCCH SCell when subframe collision happens. This way UE complexity is not increased, though the flexibility of having two resources is not exploited. 
  Second approach would be to select from the two PUCCH based on the RSRP/RSRQ of the corresponding serving cell, thus increasing the SR reception quality of the eNB, which reduces the probability of possible delay caused by missed detection of SR. 
  Third approach would be to decide the SR resource based on the overall transmission of UCI signaling, e.g., when simultaneous transmission of PUCCH/PUSCH is not allowed in one PUCCH CG and need to transmit SR and aperiodic CSI in the same subframe, aperiodic CSI in the PUCCH CG would be dropped. The dropping of aperiodic CSI can be avoided by using the SR resource of the other PUCCH CG in the same subframe. This approach is beneficial especially when the number of aggregated CCs is large since CSI report affects the downlink performance that is of great importance in the situation where lots of CCs are aggregated. 
  In another cases, SR transmission may also cause HARQ-ACK bundling when PUCCH format 1b with channel selection is used, which may result in performance degradation of the HARQ process. According to [2], when PUCCH format 1b with channel selection is used, one spatially bundled HARQ-ACK bit per serving cell is transmitted on its assigned SR PUCCH resource for a positive SR transmission. Therefore, in format 1b, assuming moving the SR transmission to the other PUCCH CG means a negative SR transmission in the original PUCCH CG, then HARQ-ACK of the original PUCCH CG is transmitted on its assigned HARQ-ACK PUCCH resource with channel selection without bundling of HARQ-ACK bits. 
  Besides, according to [3], when PUCCH format 3 is used, prior to channel coding, one scheduling request bit would be present with 0 for a negative SR transmission and 1 for a positive SR transmission if there is SR resource in the subframe. Since the scheduling request bit should still be present if SR transmission is moved to the other PUCCH CG to avoid detection problem at eNB, dropping of periodic CSI in the original PUCCH CG caused by the SR transmission therefore cannot be avoided without changing the specifications.
Observation 1: Dropping of CSI or HARQ-ACK bundling can be avoided in some cases by dynamically selecting from the two SR resources that coincide in the same subframe.

   In the second and third scheme, dynamically selecting from the two SR resources that coincide in the same subframe may cause some issues regarding UCI reception by the eNB. For example, assume a UE is configured to transmit SR on PUCCH SCell with some spare SR resources on PCell and the UE is moving out of the small cell that provides the PUCCH SCell, then UE may decide to transmit SR on the spare SR resources on PCell because of bad RSRP/RSRQ in PUCCH SCell. In this case, if PUCCH format 3 is used to transmit HARQ-ACK and periodic CSI in PCell in the subframe with dynamic selection of SR transmission in PCell, then in some cases adding one scheduling request bit autonomously would result in different channel coding scheme, e.g., when prior to adding the scheduling request bit. This may result in some problem at the eNB when decoding the UCI in PCell of the UE. Also, in some cases dropping of periodic CSI may occur in PCell because of the presence of the scheduling request bit, which reduces the UCI transmission efficiency.
    One way to avoid this issue is to always have the scheduling request bit for PUCCH format 3 in PCell even when SR is transmitted on PUCCH SCell. Another way is to transmit the SR on its assigned SR PUCCH resource in PCell when decided not to transmit the SR on PUCCH SCell, but this way may need more specification changes. 
   It is shown that the current PUCCH formats for transmission of UCI signaling does not designed for supporting dynamic selection of SR PUCCH resources when both PUCCH CGs are configured with SR resources in one subframe. Since the design of new PUCCH format for supporting CA of up to 32 CCs is still under way, it is beneficial to take into account the possibility of supporting dynamic selection of SR PUCCH resources of two PUCCH CGs early in the progress.
Observation 2: The current PUCCH formats does not designed for supporting dynamic selection of SR PUCCH resources and may need some specification changes. 
Proposal 1: The design of new PUCCH formats should take into account the possibility of supporting dynamic selection of SR PUCCH resources of two PUCCH CGs.
   In order to minimize the specification impact, dynamic selection of SR PUCCH resources can be configured to be supported with the new PUCCH formats, and UE complexity can be minimized by scheduling the UEs configured with legacy PUCCH formats a strict “no collision” PCell and PUCCH SCell SR subframe pattern. Since it is not yet clear what mechanism RAN2 decides to support SR on both PCell and PUCCH SCell, RAN1 should discuss possible mechanisms and specification changes for supporting dynamic selection of SR PUCCH resources and send a LS to RAN2.
Proposal 2: Discuss possible mechanisms and specification changes for supporting dynamic selection of SR PUCCH resources and send a LS to RAN2 for deciding the mechanism of supporting SR on both PCell and PUCCH SCell.
3	Conclusions
In this contribution we discussed the issues and possible solutions for SR transmission on PUCCH SCell and the following observation and proposals are made based on the discussion:
Observation 1: Dropping of CSI or HARQ-ACK bundling can be avoided in some cases by dynamically selecting from the two SR resources that coincide in the same subframe.
Observation 2: The current PUCCH formats does not designed for supporting dynamic selection of SR PUCCH resources and need some specification changes.
Proposal 1: The design of new PUCCH formats should take into account the possibility of supporting dynamic selection of SR PUCCH resources of two PUCCH CGs.
Proposal 2: Discuss possible mechanisms and specification changes for supporting dynamic selection of SR PUCCH resources and send a LS to RAN2 for deciding the mechanism of supporting SR on both PCell and PUCCH SCell.
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