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1. Introduction

In the RAN2#61bis meeting, the agreement about PUCCH resource for FDD in DRX is:
· Agree that CQI is sent during “active time”, but it shall be possible to configure this such that it results in only periodic CQI during the on-duration. ( So AND function between RRC configuration and the “active time”)
The active time refer to the time during which UE monitors the PDCCH. This definition means that the active time only includes DL subframes. But for TDD and HD FDD(we call it HD for short below), there is only one direction at one time. So the agreement can not apply to TDD and HD, since there are no UL subframes during active time.

CATT proposed a solution for this problem in RAN2#61bis, i.e. when DRX is configured, periodic CQI reports and SRS can only be sent by the UE during the radio frame(s) covering active time. It seemed not alignment with the agreement. And the conclusion is to have a common solution for HD and TDD.

In this paper, the features for HD and TDD are analyzed, and several common solutions are proposed.
2. Discussion
The details of HD can be found in [1]. The main principles in ‎[1] include that sub-frames are assigned for uplink or downlink transmission dynamically as a result of the scheduler operation, and that the UE shall assume that any subframe not otherwise required for transmission of uplink may contain PDCCH for assignments of uplink and/or downlink resources. 
[2] and [3] discussed the RAN2 impacts of HD, it seems that only some minor modifications are needed to support HD based on current specifications. About DRX, it is still reasonable to think the active time only includes subframes used for DL, similar with TDD. But anyway current agreement on CQI/SRS transmission in DRX for FDD is unsuitable for HD, because the CQI/SRS have to be transmitted out of active time, just like TDD. 
To solve the problem in TDD and HD, a possible solution is to define a time window, named W, associated with the active time, and the periodic CQI/SRS are only allowed to transmit on the UL subframes during W if configured. The length of active time is variable depending on scheduling, so the length of W should also be variable to adapt the active time. It would be better to not indicate the W from eNB to UE by signaling to decrease the control overhead and complexity. This means the UE itself has to derive the length of W from the active time. 
Proposal 1：A time window W is derived by UE from the active time, and UE transmits CQI/SRS on the UL subframes during W, in which CQI/SRS resource are configured.
To fulfill the requirement in proposal 1, three alternatives are introduced.

2.1 Alt 1: the W begins at the start point of active time and ends at the end point of active time.
Figure 1 presents idea of Alt1 based on HD, in which W is started at t1 and terminated at t2. Yellow blocks indicate the UL subframes with periodic CQI/SRS configuration. But only the UL subframe during W is the actually opportunity to send CQI/SRS, which is indicated by a arrow in figure 1.
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Figure 1 Alt1 for HD
Alt1 looks more like current agreement, but they are different since the UL subframe for sending CQI/SRS doesn’t belong to active time.
Alt1 is invalid in some special scenarios for HD and TDD.
[2] and [3] both point out that the maximum consecutive UL/DL subframes is 4. It is possible that the active time just spans 1 to 4 consecutive DL subframes. In this case, there is no UL subframe in W, and the UE can not transmit CQI/SRS for the scheduling in the active time. Figure 2 presents this case for HD.
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Figure 2 With Alt1, the UE has no opportunity to transmit CQI/SRS in HD

One may argue that this can be avoided by configuring longer on duration or inactivity timer. But we think for some light traffic, configuring short on duration and inactivity timer is possible. A way to avoid this in HD is to schedule an aperiodic CQI just at the beginning of active time. But taking account of the processing time, the earliest CQI can be received after 3 subframes. 
This problem is more serious for TDD, especially for UL/DL assignments with much DL subframes.
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Figure 3 with Alt1, the UE has no opportunity to transmit CQI/SRS in TDD

Figure 3 gives an example with UL/DL allocation equal to 1:8. If the active time starts at the first DL subframe after UL subframe, and ends at the next special subframe. The W has same size with active time. The maximum consecutive subframe with PDCCH is 9, and there is no UL subframe in W. Even the eNB schedules the aperiodic CQI, UE can not feedback until the UL suframe comes.
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Figure 4 with Alt1, the opportunity to transmit CQI/SRS in TDD is too late
Furthermore, in Figure 4, the active time equal 10 and spans a UL subframe with CQI/SRS configuration. Even the UE transmits the CQI/SRS at the UL subframe, but it is too late for previous scheduling.

2.2 Alt 2: the W begins at the nearest UL subframe before the start point of active time and end at the end point of active time.
The main idea of Alt2 is to overcome the drawback mentioned above in Alt1. The W starts from the nearest UL subframe configured with CQI/SRS before active time to ensure that at least one UL subframe with CQI/SRS resource is involved in W. Figure 5 and 6 explain the W and CQI/SRS opportunities with Alt2 in HD and TDD respectively.
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Figure 5 Alt2 in HD

In figure 5, the W begins from the 6th UL subframe configured with CQI/SRS resource before the start point of active time. And the arrows indicate the occasions for UE to transmit CQI/SRS.
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Figure 6 Alt2 in TDD

In figure 6, the W begins from the 3th UL subframe configured with CQI/SRS resource before the start point of active time. The arrow indicates the occasion for UE to transmit CQI/SRS. In this case the UL subframe before active time is the only chance for UE to transmit CQI/SRS.
In Alt2, UE can send CQI/SRS at the UL subframe in W before active time at least. The UL subframes between active time, in which the CQI/SRS are configured, are still available. 

Drawback of Alt2 is that the W depends on not only active time but also CQI/SRS configuration, i.e. the size of W is also impacted by implementation. This introduced some complexity.
2.3 Alt 3: the W begins from the start point of the radio frame in which the start point of active time locates, and terminates at the end point of active time.
A similar method has been proposed in [4], in which periodic CQI/SRS can only be sent by the UE during the radio frame(s) overlapping active time. There is some waste if the CQI/SRS is allowed to be transmitted after active time, because these CQI/SRS is unused for the scheduling in the past active time. So as an optimization to the solution raised in [4], Alt3 is proposed to stop send CQI/SRS after active time. For TDD, Alt3 is shown in figure 7.
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Figure 7 Alt3 in TDD

In figure 7, the UL/DL assignment is still assumed as 1:8, and active time is 10 and overlaps with two radio frames. W begins from the start point of radio frame N and end when the active time is over. UE will transmit CQI/SRS on the UL subframes in W with CQI/SRS configuration, indicated by arrows in figure 7. 
In TDD, the UL subframes always appear early than most of the DL subframes due to the type 2 frame structure. This will benefit the scheduling because eNB can always obtain the channel information as early as possible.
Alt3 is also suitable for HD, like figure 8.
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Figure 8 Alt3 in HD

In figure 8, the active time is 7, and also overlaps two radio frames. The W is from t1 to t2, and the UE will transmit CQI/SRS at the UL subframes in W with CQI/SRS configuration. 
Compared with Alt2, the W is only determined by active time, so the complexity is kept in a low level. By Alt3, it is always for UE to have chances to send CQI/SRS before active time or between active time except for some cases like below:
· In TDD, the active time begins from subframe 0 or subframe 1 (special subframe), and ends before UL subframe (subframe 2).
· In HD, subframe 0-3 are all allocated for DL, and the active time begins from anyone of these four subframes and is over before UL subframe (subframe 4).

But these cases are all corner cases, and can be avoid by configuration. 
Alt2 and Alt3 can both solve the CQI/SRS problem in DRX for TDD and HD FDD with reasonable configuration. We have no strong opinions between Alt2 and Alt3. But we slightly prefer Alt3 since it’s less dependent on configuration than Alt2.
Proposal 2: For TDD and HD, when DRX is configured, periodic CQI/SRS can only be sent by the UE during the radio frame(s) overlapping active time, but UE stops transmit CQI/SRS when the active time is over.
3. Conclusion
This contribution discussed the CQI/SRS transmitting in DRX for both TDD and HD FDD. Firstly we propose a general principle:
Proposal 1：A time window W is derived by UE from the active time, and UE transmits CQI/SRS on the UL subframes during W, in which CQI/SRS resource are configured.

About the solutions, we have no strong opinion between Alt2 and Alt3, but some slight preference for Alt3:

Proposal 2: For TDD and HD, when DRX is configured, periodic CQI/SRS can only be sent by the UE during the radio frame(s) overlapping active time, but UE stops transmit CQI/SRS when the active time is over.
4. Text Proposal
We propose the following text should be captured in 36.321.

-------------------------------------------------text proposal-------------------------------------------------

5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that allows it to not continuously monitor the PDCCH. 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 monitors the PDCCH during the Active Time which includes the time while: 

-
the On Duration Timer or the DRX Inactivity Timer or a DRX Retransmission Timer or the Contention Resolution Timer is running; or

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

-
an uplink grant for a retransmission can occur; 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 (as described in subclause 5.1.4).

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

-
start the On Duration Timer when  [(SFN * 10) + subframe number] modulo (current DRX Cycle) = DRX Start Offset; 

-
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:

-
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.

-
if the DRX Inactivity Timer expires or a DRX Command MAC control element is received in this downlink subframe:

-
if the short DRX cycle is configured:


-
start the DRX Short Cycle Timer and use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.
-
if the DRX Short Cycle Timer expires in this downlink subframe:

-
use the long DRX cycle.

-
During the Active Time:

-
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):

-
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.

-
For FDD, when not in active time, CQI and SRS shall not be reported.
-
For TDD and HD FDD, CQI and SRS can only be sent during the radio frame(s) overlapping active time, but UE stops transmit CQI/SRS when the active time is over.
Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.
----------------------------------------------end of text proposal--------------------------------------------
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