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1 Introduction

At RAN2#72bis, SRS reporting and the masking of SRS reporting with the DRX active time was discussed [1][2] based on the new trigger type for SRS introduced in Rel 10 by RAN1. The higher-layer configured, periodic SRS reporting specified for Rel 8/9 is defined as trigger type 0 in Rel 10 and the new UL DCI triggered, aperiodic SRS reporting added in Rel 10 is defined as trigger type 1 [3]: 
A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types: 

- trigger type 0: higher layer signalling 

- trigger type 1: UL DCI formats.  

This contribution re-examines the question of DRX masking of the added trigger type 1 SRS, and proposes that the interaction between type-1-triggered SRS and DRX should be the same as the interaction between aperiodic CSI and DRX, due to the many similarities between type-1-triggered SRS and aperiodic CSI.
2 Discussion
The DRX section of the MAC specification [4] was originally written to cover only the type-0-triggered SRS, that is, the periodic SRS, as that was the only kind SRS specified in Rel 8/9. It is useful to limit the UE’s transmission of the periodic SRS to active time, to avoid unnecessary transmissions causing radio resource usage and wasting UE battery. However, SRS masking with active time has not been considered for the new kind of SRS transmission added in Rel 10, the type-1-triggered SRS. Hence, it should be investigated how to best fit the new kind of SRS into the DRX framework. 
2.1 Principle

Section 5.7 of [4] states that SRS shall not be reported when the UE is not in active time, a statement which was intended to refer to the reporting of periodic SRS. Similarly, periodic CSI (CQI/PMI/RI) shall not be reported on PUCCH when the UE is not in active time (if cqi-Mask is not setup), or if the onDurationTimer is not running (if cqi-Mask is setup):

When DRX is configured, the UE shall for each subframe:

[…]

-
when not in Active Time, SRS shall not be reported.

-
if CQI masking (cqi-Mask) is setup by upper layers:

-
when onDurationTimer is not running, CQI/PMI/RI on PUCCH shall not be reported.

-
else:

-
when not in Active Time, CQI/PMI/RI on PUCCH shall not be reported.

From the fact that only CSI transmitted on PUCCH is affected by the DRX masking, it is clear that the intention was to avoid unnecessary PUCCH transmissions. The masking was made to prevent transmission of many CSI reports during times when the eNB might not benefit significantly from updated DL channel knowledge, as the UE can anyway not be scheduled when not in active time. 

Aperiodic, UL DCI-triggered CSI is however not affected by any masking with active time or any DRX timers; if aperiodic CSI is requested by the eNB by setting the CSI request bits in the UL DCI, the UE transmits aperiodic CSI as requested. Such CSI transmission of course also consumes both radio resources and UE battery, but is acceptable as it is 
a) a one-shot transmission, and 

b) only sent when explicitly requested.

As the aperiodic CSI is controlled by the eNB, the eNB provides controlled UE battery consumption and controlled radio resource usage.

When the aperiodic and periodic CSI reporting is compared with the type-0- (periodic) and type-1-triggered (aperiodic) SRS, the similarities are striking. Type-0-triggered SRS is omitted when the UE is not in active time (similar to CSI on PUCCH), and type-1-triggered SRS is
a) a one-shot transmission (RAN1 has agreed on one-shot transmissions, and has one more meeting to discuss if a limited train of SRS transmissions will also be supported)

b) only sent when explicitly requested.

Hence, the type-1-triggered SRS is under the eNB’s full control and hence also the UE battery consumption and the radio resource usage, even if such SRS transmissions are not masked by active time.

In fact, no L1-requested transmissions are affected by DRX. When the eNB grants a PUSCH transmission, with or without requested PUSCH CSI, such transmission takes place regardless of DRX status. Transmission of A/N in response to DL transmissions is also independent of DRX. 
In light of this, we make the following observation:

Observation: Masking of UL DCI-triggered SRS with active time or any other DRX timer would be an exception to the principle that L1-requested UL transmissions are performed when requested. 
2.2 Use

In an FDD system, CSI provides DL channel information and SRS provides UL channel information. In a TDD system, thanks to channel reciprocity, there is also a degree of UL channel information in the CSI and DL channel information in the SRS. For both CSI and SRS, the channel information is of a short-term nature – how short term of course varies with the UE speed, the antenna setup and the radio environment. It should be noted that SRS can give the eNB a more up-to-date view of the channel compared to CSI, which has a reporting delay, and a more detailed view, as CSI is compressed in one way or the other, depending on the CSI reporting mode. It is hence essential that the SRS information is recent, for scheduling and link adaptation to get the best possible gain from the SRS information.

In the example in Figure 1, the eNB foresees that a UE will have data to transmit in its next onDuration. The eNB will hence give the UE an UL grant in the beginning of the UE’s next onDuration (grant and corresponding transmission shown in dark blue). For the scheduling of the UE and the link adaptation, it is beneficial for the eNB to have recent UL channel information, from e.g. SRS transmissions. The two possibilities of masking or not masking the UL DCI-triggered SRS with the UE’s active time are illustrated in the upper and lower parts of the figure, respectively.

In the upper part of the figure, a type-1-triggered SRS is requested in the previous onDuration (shown in light blue), and occurs shortly before the beginning of the second onDuration, although the UE is not in active time when the SRS is transmitted. Such an SRS transmission gives the eNB updated channel information on which it can base the UL grant sent in the beginning of the second onDuration. 
In the lower part of the figure, the type-1-triggered SRS is requested at the same point in time as in the upper part of the figure, but the actual transmission is omitted since the UE is not in active time. Hence, there is no up-to-date SRS-based channel information when time comes for the scheduling and link adaptation of the UL grant in dark blue. Possibly, the eNB may base the scheduling and link adaptation of the second UL grant on older SRS channel information, but in this case, such SRS transmission will be at best from the previous onDuration, and may already be outdated.
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Figure 1 Benefits of not masking type-1-triggered SRS with active time

2.3 Alternative solutions

An alternative solution, to ensure fresh channel information also if type-1-triggered SRS is omitted when the UE is not in active time, would be to configure DRX timers to increase active time. E.g. the drx-InactivityTimer could be set so that the resource for the type-1-triggered SRS is always in active time. The time details of the resource for type-1-triggered SRS are still to be fixed by RAN1 but if requested in subframe n, the SRS is due in subframe n + (4-10). Setting e.g. the drx-InactivityTimer to a sufficiently large value could ensure that the SRS resource is within active time, but such DRX timer settings are most likely worse for UE battery consumption than allowing type-1-triggered SRS transmission in non-active time.
Another, more complex, alternative would be to allow the transmission of type-1-triggered SRS only within a certain time period, say x ms, before the beginning of active time. This would mean that type-1-triggered SRS reports are only sent when the UE will soon be in active time and hence be able to benefit from the eNB having up-to-date channel knowledge. As active time consists of a number of different timers, a simplification to limit UE complexity could be to count the x ms from the beginning of the next onDurationTimer. However, both with and without the simplification, such a solution would be more complex than always allowing transmission of type-1-triggered SRS, regardless of active time, and the gain of allowing the transmission of type-1-triggered SRS only in certain circumstances is questionable compared to the UE always transmitting type-1-triggered SRS, when requested to do so by the eNB. 

3 Conclusion
In light of the analysis above, we propose:
Proposal: The UE shall report type-1-triggered SRS if a request for such SRS is received, even if the type-1-triggered SRS resource occurs when the UE is not in active time.
If agreeable, the proposal can be captured in the MAC specification so that only type-0-triggered SRS transmissions are omitted when the UE is not in active time. A suggestion is presented in [5].
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