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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. 

During the last RAN2#89-bis meeting, the following agreements were reached:

	Agreements

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 case both SCell with PUCCH (i.e. here referred to as PUCCH-SCell) and PCell are configured with SR resources, it is still an open issue in which circumstances the UE has to send D-SR on PUCCH-SCell and/or on the PCell. In this paper, we describe different possible approaches and highlight our preferred solution.

2 Discussion

Considering the case in which D-SR is configured on both PCell and PUCCH-SCell, an important aspect that has not been clarified yet is whether D-SR can be transmitted simultaneously on both PCell and PUCCH-SCell. Since SR does not contain carrier-specific information, we argue that transmitting D-SR simultaneously on more than one serving cell would unnecessarily increase the UE battery consumption.

Proposal 1 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.
As pointed out in the Introduction, during the last RAN2#89-bis meeting it was agreed to have only one SR procedure regardless of whether D-SR is configured on multiple cells. However it has not been agreed yet which rules the UE have to follow when deciding to transmit on one PUCCH-SCell or on the PCell.

Different possible usage of such additional D-SR resources on PUCCH-SCell can be envisaged.

1. One option (proposed in [1] and [2]) could be that the UE interleaves in time D-SR transmission on PUCCH-SCell and PCell on the basis of some pre-configured time pattern by configuring different SR periodicity and SR offset. After a certain number of D-SR attempts, the UE will perform contention based RA on the PRACH of the PCell. 
2. Another 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 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 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 limit the load on PRACH resources.

Compared with option 1 and 2, option 3 seems to be the one that has less load impact on the PCell, since D-SR on the PCell is attempted only when a certain configurable number of D-SR attempts are reached in the PUCCH-SCell. 

Option 2 does not take into account potential load issues and the serving cell with the best pathloss does not necessarily guarantee a better SR detection rate if that serving cell is highly loaded. Option 1 is similar to option 3, but in order to achieve low load impact on the PCell, the eNB should configure relatively long SR periodicity on the PCell, hence this would not be efficient if for any reason the PUCCH-SCell does not respond to SR.   

Additionally, compared with option 1 and 2, option 3 seems to be also less complex from UE perspective, since the UE has to switch the serving cell for SR transmissions only once, after maximum number of attempts in the PUCCH-SCell. Additionally, with option 3 there is no risk of overlapping D-SR transmissions that could increase the design complexity.

A possible use case for option 3 is depicted in Figure 1: 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 1: Use case where a UE is moving out of the PUCCH-SCell coverage.
Following the above analysis we propose the following:
Proposal 2 If configured, the UE initially sends a (configurable) number of D-SR in the SCell before enabling the PCell’s D-SR resources.

Details of our implementation proposal for D-SR transmission can be found in the companion CR [3]. 
3 Conclusions

In this contribution, we have analysed different option for transmitting D-SR when both PUCCH-SCell and PCell are configured with D-SR resources. 

Based on the above discussion, we propose the following: 
Proposal 1
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 2
If configured, the UE initially sends a (configurable) number of D-SR in the SCell before enabling the PCell’s D-SR resources.
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