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1. Introduction

This contribution addresses the robustness of the Scheduling Request on PUCCH (D-SR). In particular, we describe a case where the UE would unsuccessfully repeat D-SR until the Time Alignment (TA) timer expires (i.e. loss of uplink synchronization) before it can recover and get a grant from the eNB, or even indefinitely (if TA timer is set to infinity).

Consequently, we suggest that upon reaching a maximum number of D-SR transmissions without having received a valid uplink grant for a new transmission, the UE shall release all assigned PUCCH resources and perform the Random Access (RA) procedure for the SR at the next PRACH opportunity instead of continuing with D-SR.
The following sections provide more details on our reasoning. R2-085389 [5] includes a text proposal to subclause 5.4.4 in TS36.321 [1], while R2-085002 [6] includes these same modifications merged together with additional clarifications to subclause 5.4.4. A text proposal to TS 36.331 [2] is included in appendix.
2. Repetitions of Scheduling Requests
When the UE has uplink timing synchronization and needs to transmit a SR when no UL-SCH resources are available, if the UE has PUCCH resources configured for SR it uses the assigned PUCCH resources (D-SR); otherwise, the UE performs the random access procedure (RA-SR).

For RA-SR, a supervision function is specified in RRC, where the MAC indicates a random access problem to RRC after sending PREAMBLE_TRANS_MAX preambles; RRC then starts T312 (ranging between 0ms-2000ms), upon which expiry T311 is started, upon which expiry the UE enters RRC_IDLE. T312 is stopped upon reception a MAC indication of RA recovery. T312 behavior is similar to the T310 behavior upon detection of physical layer problems.
The UE considers itself uplink synchronized when the Time Alignment (TA) timer is running. Possible values for the timeAlignmentTimer are sf500, sf1280, sf2560, sf5120, sf10240 and infinity with a default of sf500 [2]. The network may configure TA timer = infinity for e.g. UEs in smaller cells or with very limited mobility. When the TA timer expires, the UE releases all its PUCCH resources.

For D-SR, the UE repeats the SR until it either gets a grant for a new transmission or until the UE loses uplink synchronization (TA timer expiry).  There is no supervision function for D-SR, either in the MAC or in RRC.
If multiple D-SRs are transmitted and the UE does not get a valid grant for a new transmission (see also section 2.1):

· if TA timer != INF, the SR may be delayed up to the configured value of the TA timer and the time necessary to perform the RA procedure;

In this case, the UE would repeatedly transmit the D-SR until the TA timer expires (possibly in the order of half a second, up to 10 seconds), at which expiry it will resort to RA to regain UL synch and to transmit the SR. The problem will thus ultimately resolve itself, but will contribute to unnecessary delay as well as unnecessary interference to other cells and to other simultaneous transmissions on PUCCH.

· else TA timer = INF, a possible deadlock situation for which the UE currently does not recover could occur.
This can occur although the UE has DL synchronization and the TA timer is running (indicating UL synchronization).
Our view is that UE behavior should be specified to address the above and to improve robustness of the D-SR.
2.1. SR Transmissions on PUCCH (D-SR)
The UE transmits D-SR on the semi-statically configured PUCCH resource with a power setting according to a formula specified in TS 36.213 [3]. Due to different reasons further explained below, the power setting may be too low with respect to the noise and interference level in the cell; in such case, the eNB can fail to decode the D-SR transmission on PUCCH for that UE. 

According to current specifications, the UE always transmits the D-SR using the same power setting, unless the power setting is updated. In case of repeated D-SR, i.e. when the eNB cannot determine that the UE is transmitting on PUCCH due to a too low power setting, the procedure will continue until either the TA timer expires (if TA timer != INF) or until the eNB finally decodes the D-SR and finally issues a grant for a new transmission to the UE. However, in case the TA timer is set to infinity, there are no guarantees that this will happen within a reasonable time (or at all). 
Furthermore, since there is no random backoff in time, the UE uses its configured PUCCH resource for SR with a certain periodicity. Hence, if two UEs configured on the same time-frequency resource are configured with the same periodicity, a collision on the first transmission attempt will result in a collision on the second transmission attempt too, if neither SR attempt is heard. This is true both for the case that the two UEs are in the same cell, configured on different code-divided resources and for the case that the two UEs are in different cells. This could result in a deadlock situation if the TA timer is set to infinity, and in case the TA Timer is set to a finite value, a large number of SR opportunities and thus PUCCH resources might be unnecessarily wasted.
The power used for the SR on PUCCH is specified by:
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Where:
· P0_PUCCH consists of a cell-specific parameter P0_NOMINAL_PUCCH that is broadcasted (in SIB2) and a UE-specific parameter P0_UE_PUCCH sent using dedicated RRC signaling;
· PL is the UE’s estimate of its own pathloss;
· 
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 corresponds to a transport format specific factor signaled using dedicated RRC signaling;
· g(i) represents absolute or accumulated TPC commands received in DCI formats 1, 2 or 3.
In particular, if a UE does not receive any TPC commands, the power setting for PUCCH will only depend on the value of P0_PUCCH, the pathloss estimate and the transport format compensation. In this case, if P0_PUCCH for some reason does not adequately compensate for the combined interference and noise in the cell, the transmission of a D-SR by the UE can fail, and subsequent repetitions will still use the same power settings.
Finally to summarize, we note that problems with SR on PUCCH can occur can occur due to e.g.:

· D-SR transmission after period of low activity;

When SR is triggered from uplink data becoming available for transmission in the UE, the UE has not received any TPC commands for some time and the interference conditions in the cell might have changed since.

· Loss of TPC command;

· Erroneous pathloss estimation;

As opposed to RACH, there is no power ramping for D-SR to recover from erroneous pathloss estimation.

· Interference on the PUCCH resource and periodic reuse of the same PUCCH resource

2.2. Possible Solutions

1) Reuse of RRC Supervision Function and Recovery based on T312
In R2-083436 [6], it is proposed to use the same supervision function and recovery procedure as for RA, i.e. T312 in RRC. MAC would indicate a D-SR problem to RRC based on a counter (or a timer), upon which T312 is started.
One drawback is that the UE has to go via RRC_IDLE and via the RRC re-establishment procedure; if the unwanted situation results from a too low power setting, this procedure becomes unnecessarily time consuming for the UE. Also, whether or not this only applies when TA timer is set to infinite and how to handle uplink time alignment upon indicating to RRC a D-SR problem are both unclear.
2) Fallback to RA-SR after DSR_TRANS_MAX transmissions on PUCCH
Another alternative would be that the UE shall stop transmissions of D-SR and instead perform RA-SR if it has not received an uplink grant for a new transmission after DSR_TRANS_MAX transmissions on PUCCH.
Proposal 1: 
The UE shall stop transmission of D-SR and instead perform RA-SR if it has not received a valid uplink grant for a new transmission on UL-SCH after DSR_TRANS_MAX SR on PUCCH,

Advantages of this proposal include the reuse of current UE behavior, and no requirement on additional MAC interaction with RRC, i.e. in case of a more severe problem than only the power settings, the same behavior as when handling random access problems by triggering T312 is used. Because the configuration of T312 is based on the characteristics of the failure causes of the RA procedure which differs from the D-SR; a smaller value for DSR_TRANS_MAX than for the first alternative can also be used, which is relevant when considering the delay of the SR procedure.
Proposal 2: 
DSR_TRANS_MAX is configured by RRC.
With respect to assigned PUCCH resources, two options are possible:

a) the UE does not release its assigned PUCCH resources;

i.e. the UE is assumed to still have uplink synchronization, new PUCCH resources will not be reconfigured.

b) the UE releases all PUCCH resources; this will force the UE to RA-SR;

This alternative requires signaling for the UE to regain uplink synchronization, to reconfigure PUCCH and SRS resources even in case only the power settings where incorrect.

Currently, the UE is not allowed to perform RA-SR in case it has configured D-SR resources on PUCCH. In addition, the problem may not be resolved in case the PUCCH resources are not reconfigured. Considering this and to maintain alignment with current UE behavior wrt random access, we proposed the following: 

Proposal 3: 
When DSR_TRANS_MAX is reached, the UE shall release all its PUCCH resources.
3. Conclusions
It is proposed that RAN2 discusses and agrees on the following proposals:

Proposal 1: 
The UE shall stop transmission of D-SR and instead perform RA-SR if it has not received a valid uplink grant for a new transmission on UL-SCH after DSR_TRANS_MAX SR on PUCCH,
Proposal 2: 
DSR_TRANS_MAX is configured by RRC.
Proposal 3: 
When DSR_TRANS_MAX is reached, the UE shall release all its PUCCH resources.
The proposals above allow a UE with a too low power setting on PUCCH to get a UL grant after a much shorter time than simply waiting for the UE to lose uplink synchronization. In addition, the UE will not cause unnecessary inter- and intra-cell interference by limiting the amount of D-SR repetitions in case the UE has inadequate power settings.

Finally, the proposal provides a sufficient fallback in case of a deadlock situation.

R2-085389 [5] includes a text proposal to TS36.321 [1]. A text proposal to TS36.331 [2] is included in appendix.
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----------------------------------------------------- Unmodified Sections Omitted ----------------------------------------------------
--------------------------------------------------- FIRST CHANGE, SECTION 6.3.2 ------------------------------------------------
–

SchedulingRequest-Configuration
The IE SchedulingRequest-Configuration is used to specify the Scheduling Request related parameters

SchedulingRequest-Configuration information element
-- ASN1START

SchedulingRequest-Configuration ::=
SEQUENCE {


resource






ENUMERATED {ffs},



-- need, size, encoding FFS

periodicity






ENUMERATED {












ms5, ms10, ms20, ms40, ms80, msOff, spare2, spare1},


offset







INTEGER (0..79),

dsr-TransMax





ENUMERATED {











n1, n2, n4, n8, n16, n32, n64, spare1}

- need OC 

}

-- ASN1STOP

	SchedulingRequest-Configuration field descriptions

	resource

Parameter: Resource. [RAN1 specification; FFS]

	periodicity

Parameter: Periodicity. [RAN1 specification; FFS]. Value ms5 corresponds to 5 milliseconds, ms10 corresponds to 10 milliseconds and so on; msOff means infinite.

	dsr-TransMax

Parameter: DSR_TRANS_MAX [36.321]. Value is an integer.


------------------------------------------------------------ END OF CHANGE ---------------------------------------------------------
------------------------------------------------------ Unmodified Sections Omitted ---------------------------------------------------
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