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1 Introduction

The work item “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” [1] considers the possibility to support uplink L1/L2 control signalling on PUCCH in the SCells. While this feature calls for additional carrier aggregation (CA) handling both at the UE and the eNB, it also opens the possibility for a better control signalling distribution that is of critical importance especially in high loaded cells.

Besides the PCell, in this feature also some of the other available SCells can be configured as PUCCH-SCell and carry the PUCCH UCI signalling. In particular, it has been agreed that such special PUCCH-SCells shall convey the PUCCH UCI signalling for a certain group of ordinary SCells.
Among the UCI signalling (HARQ feedbacks, CSI and SR) that can be transferred in the PUCCH-SCell, the support of SR transmissions in PUCCH-SCell has been left FFS in previous RAN2#89 meeting [2].
2 Discussion
While the introduction of HARQ feedbacks and CSI transmissions in one or multiple PUCCH-SCells brings a clear benefit especially in “beyond 5 carriers” scenarios as it was also discussed in the RAN2#89 meeting, the transmission of SR in the PUCCH SCell is still not settled. The reason is that unlike the other UCI signalling, the content and size of SR is not dependent on the amount of serving cells allocated, and the burden (1 bit information) is negligible from a data size point of view. 
However, SR is a critical piece information that needs to be timely detected by the eNB since it directly impacts the quality of UL transmissions especially in case of delay-sensitive services (e.g. voice). For this reason, as we discuss in the following, we deem important to let the possibility to the eNB to configure also a PUCCH-SCell (besides the PCell) for SR transmission as proposed in [3]. 
One of the possible scenarios that can be addressed by this new functionality is illustrated in Figure 1, where the eNBs can provide a macro cell coverage (PCells) and hot spot coverage (SCells) via remote radio heads (RRH) as in Rel.11 CA. 
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Figure 1: A possible application scenario of SR on PUCCH-SCell.
In such scenario, the eNB may decide on the basis of RRM measurements and load KPIs to off-load D-SR transmission for some specific UEs from the PCell and re-route it to one the SCells, i.e. the PUCCH-SCell. Such decision may be driven by the fact that in high load scenarios, the need to allocate more D-SR resources in the same PRB increases the interference on PUCCH that in turn might impair the D-SR detection capability as well as increase the probability of false D-SR detection. This would call for a more sophisticated handling of D-SR resources that for instance implies spreading in time and frequency the different users with the result to decrease the D-SR periodicity for some users. Eventually this may constraint the eNB in the capability to deliver end-to-end services within a certain delay budget especially for critical services like VoLTE.
Proposal 1 D-SR resources can be configured via RRC signalling in the PUCCH-SCell.
Since SR does not contain carrier-related information, we argue that transmitting D-SR simultaneously on more than one serving cell does not bring significant benefits (apart for some diversity gain) and impacts the UE battery consumption.

Proposal 2 D-SR transmissions for a given UE are transmitted in only one of the serving cells (e.g. either the PCell or one of the PUCCH-SCells) at a time.
We note that in RAN2#89 it was agreed that the PUCCH-SCell can be deactivated, therefore it is important that the UE can be configured with D-SR resources also in the PCell so that in case of PUCCH-SCell deactivation, the UE can simply use D-SR-resources already configured in the PCell (that cannot be deactivated) without waiting for additional RRC signalling to reconfigure D-SR resources.

Accordingly, we propose the following:
Proposal 3 Additional D-SR resources for a given UE can be configured in the PCell.
It is worth noting that even though Proposal 3 may lead to excessive D-SR resource consumption, the eNB can anyhow allocate same frequency resources to multiple UEs and then control their actual D-SR transmissions by properly tuning the D-SR parameters (e.g. sr-ConfigIndex, sr-ProhibitTimer).

Different possible usage of such additional D-SR resources can be envisaged.
1. One option could be that the UE alternates in time D-SR transmission on PUCCH-SCell and PCell on the basis of some pre-configured time pattern. After a certain number of D-SR attempts, the UE will perform contention based RA-SR on the PRACH of the PCell.
2. A more efficient option could be that the UE dynamically selects whether to transmit D-SR on the PUCCH-SCell or on the PCell on the basis of RSRP measurements and path loss estimation. After a certain number of D-SR attempts, the UE will perform contention based RA-SR on the PRACH of the PCell.
3. Alternatively, the UE could initially start sending D-SR in the PUCCH-SCell and switch to the PCell only if after a certain number of D-SR attempts in the PUCCH-SCell no UL grant has been yet received. Afterwards, if maximum number of D-SR attempts is reached also in the PCell, the UE will perform contention based RA-SR on the PRACH of the PCell. 

All the three options have the benefit that the UE would send contention based RA-SR on PRACH only after performing D-SR attempts in both the PCell and the PUCCH-SCell and no UL grant yet provided by the eNB. As such, in case of high load on PRACH resources, this might improve the UL packet latency and preserve the integrity of PRACH resources as well.

Compared with option 1 and 2, option 3 has the advantage that as soon as the UE switches its D-SR transmissions to the PCell, the eNB can become aware of issues on the PUCCH-SCell and possibly reconfigure it. Moreover, option 3 seems to be also less complex from a UE and standardization point of view.
A possible use case for option 3 is depicted in Figure 2: the UE initially sends D-SR in the PUCCH-SCell, but since the UE is moving out of the PUCCH-SCell coverage the maximum number of D-SR transmissions might be reached with no UL grant yet received. D-SR transmission is then switched to the PCell. 
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Figure 2: Use case where a UE is moving out of the PUCCH-SCell coverage.
Following the above analysis we propose the following:
Proposal 4 The UE initially sends a configurable number of D-SR in the SCell before falling back to the PCell’s D-SR resources.
3 Conclusions
In this contribution, we have analysed the benefits of having D-SR resources configured in the PUCCH-SCell and presented a possible use case. 

Based on the above discussion, we propose the following: 
Proposal 1
D-SR resources can be configured via RRC signalling in the PUCCH-SCell.
Proposal 2
D-SR transmissions for a given UE are transmitted in only one of the serving cells (e.g. either the PCell or one of the PUCCH-SCells) at a time.
Proposal 3
Additional D-SR resources for a given UE can be configured in the PCell.
Proposal 4
The UE initially sends a configurable number of D-SR in the SCell before falling back to the PCell’s D-SR resources.
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