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1. Introduction

In the previous Bratislava meeting, RAN2 agreed to support SR in PUCCH SCell. We assume two approaches on UE behavior when D-SR is configured both in PCell and PUCCH SCell.
· Interleaved transmission: SR transmission over both PUCCHs
· Single cell transmission: SR transmission over a selected PUCCH (especially, prioritizing PUCCH on SCell)
This paper will introduce approaches above, and according to approaches, pros and cons will be discussed.
2. Discussion
The interleaved transmission allows UE to use both PUCCHs over PCell and SCell. For example, at every moment, UE chooses one SR opportunity between PCell and PUCCH SCell so that it can send its SR quickly. Accordingly, at a time, the UE sends its SR over PUCCH SCell, but at next time, it may send its SR over PCell. If both SR opportunities are overlapped, UE would pick up one SR opportunity with its implementation or prioritizing one of them.
With the single cell transmission, only one cell between PCell and PUCCH SCell can be allowed for SR transmission. UE shall firstly select one between PCell and PUCCH SCell to transmit its SR. Since main reason to configure SR even in PUCCH SCell is offloading purpose, it is reasonable for UE to preferentially choose PUCCH SCell rather than PCell. Therefore, in this paper, the single cell transmission means the SR transmission prioritizing PUCCH SCell. Alternatively, if UE finally fails to send its SR over PUCCH SCell, it can continuously re-try SR transmission over PCell. 
In the latency performance aspect, there is no significant difference between the interleaved transmission and single cell transmission. The SR performance can be estimated based on the frequency of SR occasions during unit time. In other words, for time duration, more SR occasions results in better performance. Actually, since the frequency of SR occasions is just a configuration issue, there is no cause to make a difference in performance between the approaches. For example, let’s assume the following two cases:
· Case 1: Interleaved transmission with PCell SR periodicity of 10 ms and PUCCH SCell SR periodicity of 10 ms

· Case 2: Single cell transmission with PCell SR periodicity of 80 ms and PUCCH SCell SR periodicity of 5 ms

It seems difficult to imagine that two cases provide quite different performance. Even though the interleaved transmission can provide an irregular pattern in SR occasions, it does not result in a meaningful gain.
In the SR resource usage aspect, the single cell transmission might result in a waste due to the unused SR resources on PCell because UE firstly sends its SR over PUCCH SCell. However, the SR resources on PCell would be used for fallback purpose, i.e. when UE fails to send its SR on PUCCH SCell, it can re-try on PCell again. Therefore, in practice, we can configure a shorter SR periodicity in PUCCH SCell, but a longer SR periodicity in PCell. In that case, the amount of SR resources wasted in PCell would be minimized. 
In the eNB complexity aspect, the single cell transmission seems more beneficial. With the interleaved transmission, the eNB has to monitor both PCell and PUCCH SCell because it cannot identify which cell can be used for SR transmission. 
In the UE complexity aspect, we can see pros and cons for each approach. The following tables summarize the specification impacts for both approaches. 

Table 1
Specification impacts with the interleaved transmission
	36.213
	As shown in Section 10.1.5, it is assumed that a SR has to be transmitted over only one serving cell. If the interleaved transmission is applied, depending on activated or deactivated state of PUCCH SCell, both SRPERODICITY and NOFFSET,SR are described based on the union of PCell and SCell, or PCell only (please see the below changes).
10.1.5
Scheduling Request (SR) procedure

A UE is configured by higher layers to transmit the SR on one antenna port or two antenna ports. 
The scheduling request shall be transmitted on the PUCCH resource(s) [image: image1.wmf])
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 is configured by higher layers unless the SR coincides in time with the transmission of HARQ-ACK using PUCCH Format 3 in which case the SR is multiplexed with HARQ-ACK according to subclause 5.2.3.1 of [4]. The SR configuration for SR transmission periodicity [image: image4.wmf]PERIODICITY
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 is defined in Table 10.1.5-1 by the parameter sr-ConfigIndex [image: image6.wmf]SR
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 given by higher layers. 

If SR is configured only for PCell or configured both in PCell and a SCell and the SCell is deactivated, SR transmission instances are the uplink subframes of PCell satisfying the equation x 
If SR is configured only for a SCell and the SCell is activated, SR transmission instances are the uplink subframes of the SCell satisfying equation x.

If SR is configured both for PCell and for a SCell and the SCell is activated, SR transmission instances are the union of the uplink subframes of PCell and of the SCell satisfying equation x. NOFFSET,SR and SRPERIODICITY of PCell is defined in Table 10.1.5-1 by the parameter sr-ConfigIndex ISR of PCell given by higher layer. 

NOFFSET,SR and SRPERIODICITY of SCell is defined in Table 10.1.5-1 by the parameter sr-ConfigIndex ISR of SCell given by higher layer.

Equation x
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Table 10.1.5-1: UE-specific SR periodicity and subframe offset configuration
SR configuration Index
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SR periodicity (ms)
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SR subframe offset
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	36.331/321
	In current specification, sr-ProhibitTimer is set as a multiple of SR periodicity. Since two kinds of SR periodicity exist with the interleaved transmission, we need to clarify which periodicity is used to configure sr-ProhiitTimer. 

	36.321
	D-SR failure handling has to be improved. Upon the D-SR failure, a random access procedure over PCell is triggered because it is regarded as a wrong configuration in the uplink transmission power associated with PCell. With the interleaved transmission, upon the D-SR failure, it is ambiguous if the problem for uplink transmission power is from PCell or SCell. 


Table 2
Specification impacts with the single cell transmission
	36. 321


	In current specification, MAC entity instructs the physical layer to transmit the SR. With the single cell transmission, MAC entity has to indicate which cell can be used for SR transmission. 
5.4.4
Scheduling Request

The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.

When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and sr-ProhibitTimer shall be stopped when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or, if all pending SR(s) are triggered by Sidelink BSR, when a MAC PDU is assembled and this PDU includes a Sidelink BSR which contains buffer status up to (and including) the last event that triggered a Sidelink BSR (see subclause 5.14.1.4), or, if all pending SR(s) are triggered by Sidelink BSR, when upper layers configure autonomous resource selection, or when the UL grant(s) can accommodate all pending data available for transmission.

If an SR is triggered and there is no other SR pending, the MAC entity shall set the SR_COUNTER to 0.

As long as one SR is pending, the MAC entity shall for each TTI:

-
if no UL-SCH resources are available for a transmission in this TTI:

-
if the MAC entity has no valid PUCCH resource for SR configured in any TTI: initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs;

-
else if the MAC entity has a valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a  measurement gap and if sr-ProhibitTimer is not running:

-
if SR_COUNTER < dsr-TransMax:

-
increment SR_COUNTER by 1;

-
instruct the physical layer to signal the SR on PUCCH;

-
start the sr-ProhibitTimer.

-
else:

-
notify RRC to release PUCCH/SRS for all serving cells;

-
clear any configured downlink assignments and uplink grants;

-
initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs.

MAC entity considers it has valid PUCCH resource for SR in SCell:

-   if PUCCH resource is configured in SCell; and

-   if the SCell is activated
MAC entity considers it has valid PUCCH resource for SR in SpCell:

-   if PUCCH resource is configured in SpCell; and

-   if PUCCH resource is not configured in the SCell, or if PUCCH resource is configured in the SCell and the SCell is deactivated.

	36.321
	UE behaviour needs to be specified upon D-SR failure. But unlike the case of the interleaved transmission, MAC entity can identify which cell has a problem on uplink transmission power. 


3. Conclusion
From the above observations and tables, the comparison for both approaches can be given by
	
	Interleaved transmission
	Single Cell transmission

	SR performance
	Similar

	SR resource efficiency
	Better
	

	ENB complexity
	
	Better

	UE complexity
	
	Better


We assume SR resource efficiency may not be big issue here. If PUCCH is configured in SCell, the periodicity of SCell SR would be set to shorter value, and the periodicity of PCell SR would set to relatively longer value because 
1) SCell PUCCH resource is more abundant than PCell PUCCH resource, 
2) SCell PUCCH resource consumes less UE power and 
3) PCell PUCCH and SCell PUCCH have same performance.

We currently prefer to go for single cell transmission approach. 
Proposal: PUCCH on SCell is firstly used for SR transmission if SR is configured both in PCell and in SCell.
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