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Introduction

Discussion on the details of transmission of sounding reference signals (SRS) began during RAN2-61 [1]. The proper transmission of SRS on the uplink can sometimes be confusing since it has two purposes. The most notable purpose for transmitting SRS is for uplink channel sounding so that the eNB can provide the proper uplink modulation and coding scheme in the uplink grant (called uplink CQI here). The other, less known, purpose for transmitting SRS is for uplink timing alignment (UL TA) [2]. We would like to make the following proposals with regard to the uplink transmission of SRS. 

Discussion and Proposals

It has been agreed in RAN1 that SRS periods will be 2, 5, 10, 20, 40, 80, 160, 320 ms [3]. Hence, the periods that the eNB may configure the UE to transmit SRS in support of UL CQI and UL TA are fixed and, perhaps different for each of the two purposes. From the CQI aspect, the eNB needs to be aware of the uplink channel conditions (from the uplink SRS transmissions) for the uplink link adaptation when it prepares to grant the resource to the UE which has data to be sent in the uplink. The eNB will assign a sub-frame, CAZAC sequence and period to transmit the SRS. The question arises, though, if the SRS should be transmitted every period even when the UE is in DRX mode and is not expected to transmit large volumes of data in the uplink.

Proposal 1: The UE transmits the SRS in DRX mode in anticipation of UL transmissions of data.

Figure 1 exemplifies proposal 1. It has a scheduling request channel assignment, a DRX cycle assignment and an SRS period assignment. 
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Figure 1. The transmission of SRS only during UL data transmission.
Suppose that data arrives for transmission on the UL between DRX On Durations. One may be tempted to wait until the next On Duration to make the transmission. However, there is little battery savings in doing so since the transmit hardware and receive hardware are largely independent (with notable exception to DSP hardware). If the UE is allowed to transmit when it receives data for transmission, average UL latencies and problems with channel congestion during On Durations can be reduced. In Figure 1 we suggest that a battery savings can be had if the SRS transmission is triggered in anticipation of data transmission. As data arrives to be sent to the UE, the SRS is transmitted in an assigned slot. The SRS transmission is terminated after the inactivity timer is expired.
Proposal 2: The UE starts the SRS transmission at the closest SRS transmission opportunity in the uplink before the SR transmission or RACH access; The UE will stop the SRS transmission after the inactivity timer is expired. 
The eNB will take into consideration the UE mobility when assigning the SRS transmission parameters for UL TA [4]. In circumstances when the UE has a relatively long DRX cycle and the UE is highly mobile, the SRS will have to be sent much more frequently than the DRX cycle.  

Proposal 3: To maintain uplink timing alignment, the ENB may configure the UE to transmit the SRS independent of the DRX cycle.

Finally, for battery life savings it would be preferable for the transmission of the SRS for UL TA and UL CQI to coincide. That is, the eNB assigns the UE SRS parameters and sub-frames that are used by either or both the UL TA or UL CQI applications of SRS.

Proposal 4: To save battery, all attempts should be made to align SRS for UL CQI and UL TA so that UL SRS transmissions can be reduced. 

Conclusion

We propose the following for the SRS transmission during DRX:

Proposal 1: The UE transmits the SRS in DRX mode in anticipation of UL transmissions of data.

Proposal 2: The UE starts the SRS transmission at the closest SRS transmission opportunity in the uplink before the SR transmission or RACH access; The UE will stop the SRS transmission after the inactivity timer is expired. 
Proposal 3: To maintain uplink timing alignment, the ENB may configure the UE to transmit the SRS independent of the DRX cycle.

Proposal 4: To save battery, all attempts should be made to align SRS for UL CQI and UL TA so that UL SRS transmissions can be reduced. 
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Proposed Change to TS36.321v810
5.4.4
Scheduling Request 

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

If an SR has been triggered, the UE shall for each TTI, until UL-SCH resources are granted:

-
If no UL-SCH resources are available in this TTI:

-
If a PUCCH is configured for the UE to send an SR in this TTI, instruct the physical layer to signal the SR on PUCCH; 

-
If no PUCCH for SR is configured for the UE in any TTI, initiate a Random Access procedure (see subclause 5.1).
-    If uplink SRS transmission is not started,

- instruct the physical layer to start the SRS transmissions in the uplink.  
NOTE:
A triggered SR is considered pending and is repeated until UL-SCH resources are granted.
5.7
Discontinuous Reception (DRX)

The UE may be configured [by RRC/MAC] with a DRX functionality that allows it to stop monitoring PDCCH during some period of time.

The DRX functionality consists of a Long DRX cycle, a DRX Inactivity Timer, a DRX Retransmission Timer and optionally a Short DRX Cycle and a DRX Short Cycle Timer all defined in subclause 3.1.

When a DRX cycle has been configured, the UE shall for each downlink subframe:

-
Whenever a new DRX Cycle begins (long or short) i.e. whenever [(SFN * 10) + subframe number] modulo (current DRX) = DRX Start Offset, the On Duration Timer is started.

-
If a HARQ RTT Timer expires in this downlink subframe and the data in the soft buffer of the corresponding HARQ process was not successfully decoded:

-
UE shall start the DRX Retransmission Timer for the corresponding HARQ process.

-
If a DRX Command MAC control element is received:

-
stop the On Duration Timer;

-
stop the DRX Inactivity Timer.

NOTE: Once a timer is stopped, it cannot expire.

-
If the Contention Resolution Timer or On Duration Timer or DRX Inactivity Timer or any DRX Retransmission Timer is running; or:

-
an UL grant for a retransmission can occur; or

-
a Scheduling Request is pending as described in subclause 5.4.4; or

-
a PDCCH addressed to the C-RNTI or Temporary C-RNTI of the UE has not been received after successful reception of a Random Access Response is indicated (as described in subclause 5.1.4):

-
UE shall monitor the PDCCH;

-
if the PDCCH is successfully decoded:

-
stop the DRX Short Cycle Timer if configured,

-
if the PDCCH indicates a DL transmission:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the DRX Retransmission Timer for the corresponding HARQ process.

-
If the PDCCH indicates a new transmission (DL or UL); and

-
this is the first received PDCCH addressed to the C-RNTI or Temporary C-RNTI of the UE since successful reception of a Random Access Response is indicated; or

-
a Scheduling Request is pending; or

-
the On Duration Timer is running; or

-
the DRX Inactivity Timer is running:

-
start or restart the DRX Inactivity Timer.
-
If a DL assignment has been configured for this downlink subframe and no PDCCH indicating a DL transmission was successfully decoded:

-
start the HARQ RTT Timer for the corresponding HARQ process.

-
If the DRX Inactivity Timer expires in this downlink subframe:

-
if the short DRX cycle is configured:

-
start DRX Short Cycle Timer;

-
use the short DRX cycle;

-
else use the long DRX cycle.
-    instruct the physical layer to stop the uplink SRS transmissions 
-
If DRX Short Cycle Timer expires in this downlink subframe:

-
use the long DRX cycle.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.
Note: In order to maintain the uplink timing alignment, the ENB may configure the UE to transmit the SRS independent of the DRX.
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DRX in RRC_CONNECTED 

In order to enable reasonable UE battery consumption, DRX in E-UTRAN is characterised by the following:

-
Per UE mechanism (as opposed to per radio bearer);

-
No RRC or MAC substate to distinguish between different levels of DRX;

-
Available DRX values are controlled by the network and start from non-DRX up to x seconds. Value x may be as long as the paging DRX used in ECM-IDLE;

-
Measurement requirement and reporting criteria can differ according to the length of the DRX interval i.e. long DRX intervals may experience more relaxed requirements;

-
The UE may omit measurements of neighbouring cells when the DRX interval is above a threshold and if the radio quality of the serving cell is above another threshold. To configure this behaviour in the UE, the two thresholds may be indicated by the eNB;

-
Irrespective of DRX, UE may use first available RACH opportunity to send an UL measurement report;

-
Immediately after sending a measurement report, the UE may change its DRX. This mechanism would be pre-configured by the eNB;

-
HARQ operation related to data transmission is independent of DRX operation and the UE wakes up to read the PDCCH for possible retransmissions and/or ACK/NAK signalling regardless of DRX In the downlink, a timer is used to limit the time the UE stays awake awaiting for a retransmission;
-
When DRX is configured, the UE may be further configured with an "on-duration" timer during which time the UE monitors the L1/L2 control channels for possible allocations;

-
When DRX is configured, periodic CQI reports can only be sent by the UE during the “on-duration”;

-
When DRX is configured, the UE transmits the SRS in anticipation of UL transmission of data. To maintain the uplink timing alignment, the ENB may configure the UE to transmit the SRS independent of the DRX.

-
A timer in the UE is used to detect need for obtaining timing advance.

The following definitions apply to DRX in E-UTRAN:

-
on-duration: duration in downlink subframes that the UE waits for, after waking up from DRX, to receive PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer;

-
inactivity-timer: duration in downlink subframes (during wake time) that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it re-enters DRX. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions).

-
active-time: total duration that the UE is awake. This includes the “on-duration” of the DRX cycle, the time UE is performing continuous reception while the inactivity timer has not expired and the time UE is performing continuous reception while waiting for a DL retransmission after one HARQ RTT. Based on the above the minimum active time is of length equal to on-duration, and the maximum is undefined (infinite);

Of the above parameters the on-duration and inactivity-timer are of fixed lengths, while the active-time is of varying lengths based on scheduling decision and UE decoding success. Only on-duration and inactivity-timer duration are signalled to the UE by the eNB:

-
There is only one DRX configuration applied in the UE at any time;

-
UE shall apply an on-duration on wake-up from DRX sleep;

NOTE:
this is also applicable for the case where the UE has only one service (e.g. Real Time) that is being handled through the allocation of predefined resources; this allows for other signalling such as RRC to be sent during the remaining portion of the active time.

-
New transmissions can only take place during the active-time (so that when the UE is waiting for one retransmission only, it does not have to be “awake” during the RTT).

-
If PDCCH has not been successfully decoded during the on-duration, the UE shall follow the DRX configuration (i.e. the UE can enter DRX sleep if allowed by the DRX configuration):

-
This applies also for the sub-frames where the UE has been allocated predefined resources.

-
If it successfully decodes a PDCCH for a first transmission, the UE shall stay awake and start the inactivity timer (even if a PDCCH is successfully decoded in the sub-frames where the UE has also been allocated predefined resources) until a MAC control message tells the UE to re-enter DRX, or until the inactivity timer expires. In both cases, the DRX cycle that the UE follows after re-entering DRX is given by the following rules:

-
If a short DRX cycle is configured; the UE first follows the short DRX cycle and after a longer period of inactivity the UE follows the long DRX cycle;

-
Else the UE follows the long DRX cycle directly.
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