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Discussion 
1 Introduction

Last meeting following three issues have been discussed for DRX enhancement and/or correction [1].

· Issue 1: Removing UE liberty in transmitting/not transmitting CSI/SRS during Active Time/Non Active Time

· Issue 2: Long DRX applied during on-going data transmission

· Issue 3: Unexpected on-Duration due to ambiguity on DRX cycle

It is the following-up discussion on above issues.

2 Discussion
Issue 1: Removing UE liberty in transmitting/not transmitting CSI/SRS
The aim of removing UE liberty is to ease ENB implementation from double decoding. As per current MAC specification, UE can choose to send or not send CSI/SRS in the following cases.

· UE choose to not send CSI on PUCCH if Active Time extends unexpectedly

· UE choose to not send type-0 triggered SRS if Active Time extends unexpectedly

· UE choose to send CSI on PUCCH if Active Time ends unexpectedly

· UE choose to send SRS if Active Time ends unexpectedly
On the other hand, CSI on PUSCH is mandated to be transmitted regardless of whether or not it is Active Time. Hence UE liberty is not allowed for this case. 
In ENB perspective then handling CSI seems not burdensome. 
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Fig 1

If it does not know whether UE has sent CSI on PUCCH or not, it can just ignore it. In case of unexpected extension, UE may not be able to send CSI at subframe #5. ENB can simply ignore the uplink signal supposed to carry CSI. In case of unexpected end, UE may not be able to stop CSI at subframe#5. It actually does not affect ENB operation at all. 
If PUSCH is scheduled at subframe #5, UE is able to send CSI on PUSCH because it has nothing to do with DRX state change. 
The problem of double decoding is only for simultaneous transmission of SRS and PUSCH; i.e. if coincidently SRS and PUSCH are scheduled together in subframe #5, ENB is required to do double decoding. However we think it may not be a big issue because of following reasons.
· In general, the frequency of SRS is lower than the frequency of CSI. Hence the problem of double decoding due to SRS is less severe

· The problem only occurs when SRS is configured over the part of BW. In our understanding configuring SRS over the full BW is more general.

· Even if SRS is configured over the part of BW, ENB can avoid the problem by scheduling PUSCH in the RBs that is overlapped with SRS resource.

Proposal 1: To keep the current note in the end of section 5.7 of 36.321
Issue 2: Long DRX applied during on-going data transmission
As pointed out last meeting, a problem of the current DRX operation is that long DRX could be applied even when data transmission is ongoing. The scenario is that continuous data transmission is triggered during long DRX cycle before the drx-inactivityTimer expires first time which would always happen at the first data burst occurring when long DRX cycle is applied. In general DRX cycle does not matter when UE is already in Active Time. But it could be an issue if UE is configured with CQI-mask in which case the data transfer will be done with insufficient CQI until short DRX cycle is applied.
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Fig 2
We believe it needs to be solved because of two reasons.

· Applying short DRX cycle during on-going data transfer is technically correct. The reason it has not been specified as such is in our understanding because CQI-mask is introduced later.
· The solution for this problem is helpful in addressing the next problem. It can be seen in the next section.

Proposal 2: To apply Short DRX cycle while drx-inactivityTimer or shortDrxCycleTimer is running.
Issue 3: Unexpected on-Duration due to ambiguity on DRX cycle
Since UE is required to send CSI/SRS during onDuration, it is required for UE to determine the current DRX cycle unambiguously. It is not as easy task as it seems because of possible ambiguity on the current DRX cycle to be applied. 

Table 1 summarize all the possible scenarios where ambiguity on the current DRX cycle may happen.

<Table 1>

	Scenarios
	Note

	(1) initial phase
	the time period between when DRX-config is received and when short DRX cycle is applied first time

	(2) Long to Long
	Unexpected stay at Long cycle while UE has expected to switch to Short cycle. 
It happens when; 1) Short cycle is supposed to start at sf (n) and 2) event to prolong Long DRX occurs at sf (n-m)

	(3) Short to Short
	Unexpected stay at Short cycle while UE has expected to switch to Long cycle. 

It happens when; 1) Long cycle is supposed to start at sf (n) and 2) event to prolong Short DRX occurs at sf (n-m)

	(4) Long to Short
	Unexpected change from Long cycle to Short cycle

	(5) Short to Long
	Unexpected change from Short to Long cycle


Table 2 lists the events affecting the current DRX cycle

<Table 2> 
	Scenarios
	According to the current specification
	If proposal 2 is approved

	Event to apply Long DRX cycle
	shortDrxCycleTimer expiry (it is started or restarted when drx-inactivityTimer expires)
	shortDrxCycleTimer expiry

	Event to apply Short DRX cycle
	shortDrxCycleTimer start
DRX MAC CE reception
	shortDrxCycleTimer start

DRX MAC CE reception
drx-inactivityTimer start


Based on table 1 and table 2 we list the concrete events w.r.t concerned scenarios in table 3.
<Table 3> 

	Scenarios
	According to the current specification
	If proposal 2 is approved

	(1) initial phase (not clear which cycle to be applied)
	Current DRX cycle is not clear between 1) when DRX-config is received and 2) when shortDrxCycleTimer first expires.

The duration can be quite long depending on the amount of the first data burst.
	Current DRX cycle is not clear between 1) when DRX-config is received and 2) when drx-inactivityTimer first starts.

The duration is small regardless of the amount of the first data burst.

	(2) Long to Long (OnDuration may suddenly disappear) 
	shortDrxCycleTimer is supposed to start at sf (n) but PDCCH for new transmission is received at sf (n-m)
	No such case. (Long to short switch is based on the start of the inactivityTimer not on the shortDrxCycleTimer. Unexpected extension of long cycle does not exist)

	(3) Short to Short (onDuration may suddenly appear)
	shortDrxCycleTimer is supposed to expire at sf (n) but DRX MAC CE is received at sf (n-m)
Note: There is no reason for ENB to send DRX MAC CE at such circumstances. It seems not real problem
	Same as left

	(4) Long to Short (onDuration may suddenly appear)
	DRX MAC CE is received when long DRX cycle is applied
Note: There is no reason for ENB to send DRX MAC CE at such circumstances. It seems not real problem
	Same as left 
&
PDCCH for new transmission is received when long DRX cycle is applied

	(5) Short to Long
	Always predictable. No such case.
	Always predictable. No such case.


As seen in the table 3, adopting proposal 2 is helpful in that we can leave the initial phase to UE implementation. Provided that proposal 2 is agreed, the only case we need to address would be ‘Long to Short’ caused by PDCCH for new transmission received when long DRX cycle is applied (highlighted as red) because other scenarios are predictable or unrealistic in a real world.
It is clear that UE is not able to send CSI on PUCCH and SRS in the onDuration which appears suddenly. Two approaches can be considered.
Approach 1: To add a note to make it clear that UE is not required to send CSI in such circumstances for example like below.

	NOTE:
A UE may optionally choose to not send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in subframe n-i, where n is the last subframe of Active Time and i is an integer value from 0 to 3. After Active Time is stopped due to the reception of a PDCCH or a MAC control element a UE may optionally choose to continue sending CQI/PMI/RI/PTI reports on PUCCH and/or SRS transmissions for up to 4 subframes. The choice not to send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmissions is not applicable for subframes where onDurationTimer is running and is not applicable for subframes n-i to n.
NOTE:
A UE configured with CQI-mask may optionally choose to not send CQI/PMI/RI/PTI reports on PUCCH in one or more of 4 subframes following a PDCCH indicating a new transmission (UL or DL) if onDurationTimer starts at any of these 4 subframes due to the PDCCH.


One can consider another direction of solution where to delay applying short DRX cycle by 4 ms. So the second approach is;
Approach 2: To apply short DRX cycle 4 subframes after drx-inactivityTimer has started.

It can be specified as below.

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

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

-
start the drx-RetransmissionTimer for the corresponding HARQ process.

-
if a DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.

-
if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:

-
if the Short DRX cycle is configured:

-
start or restart drxShortCycleTimer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if drx-InactivityTimer has started 4 subframes before:

-
use the Short DRX cycle.
-
if drxShortCycleTimer expires in this subframe:

-
use the Long DRX cycle.

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.

…


3 Conclusion
Even though the second approach seems simpler, it may have bigger impact in real life such that every switching from Long cycle to Short cycle is affected. It is proposed to agree on the first approach. Draft CR is presented in [2]
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