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Discussion 
1 Introduction

How to formulate UE behavior upon unexpected prolonged Active Time and upon unexpected end of Active Time has been discussed extensively to result in adding following notes in 36.321. 

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.

The issue was mainly coming from the fact that CSI/SRS transmission is allowed only during Active Time while it takes some time for UE to determine whether this subframe is Active Time or not. 
Active Time is defined by many factors while the previous discussion has focused on inactivityTimer case. In this contribution, other issues yet to be discussed are addressed.

2 Discussion
How to limit UE optionality in sending CQI/SRS at DRX change?

Current note allows UE to choose to send or not send CQI/SRS during transient period (i.e. n+1 to n-i+4). Hence ENB is required to decode uplink signal two times during that time period once for with PUCCH and the other without PUCCH. It may lead to that NW avoids scheduling the UE during transient period, which is not desirable for UE vendors as well. Hence we believe we should try to solve the problem if it does not cause too much unnecessary UE power consumption or too much complexity in the specification. One can consider following solution.

Solution 1: Mandate UE to transmit CQI/SRS during 4 subframes after Active Time

This solution is simple and proposed by multiple companies in the fast meetings. But it has a drawback which may be unacceptable to UE vendors. Active Time is defined by many factors as shown in the table below

<Table 1>

	
	NW awareness
	Typical size of period

	(1) onDurationTimer is running
	Yes
	x ms ~ xx of ms

	(2) drx-InactivityTimer is running
	Yes
	x ms ~ xxx of ms

	(3) drx-RetransmissionTimer is running
	Yes
	x ms ~ xx of ms

	(4) mac-ContentionResolutionTimer is running
	No
	xx ms

	(5) a Scheduling Request is sent on PUCCH and is pending
	Yes/No
	x ms ~ xx of ms

	(6) an uplink grant for a pending HARQ retransmission can occur
	Yes
	1 ms

	(7) a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).
	Yes
	xx ms


* x = one digit integer, xx = two digit integer 
If we mandate UE to transmit CQI/SRS during 4 subframes after Active Time ends, the extra (and unnecessary) period would be often larger than the Active Time itself. Particularly (6) could require non-trivial extra power consumption for the UE if UE performs PUSCH transmission frequently. It can lead the alternative solution below.
Solution 2: Redefine the period during when CQI/PMI/RI/PTI is transmitted
As seen in the table, current definition of Active Time is not well designed in terms of CQI/PMI/RI/PTI transmission point of view. UE sometimes sends CQI/PMI/RI/PTI even when ENB does not receive them in case (4) and in some of case (5). Also case (6) is not suitable for the solution of having 4 more subframes for CQI/PMI/RI/PTI transmission. 

One possible solution is to separate the period for CQI/PMI/RI/PTI transmission and Active Time. For example, CQI/PMI/RI/PTI is transmitted only during onDurationTimer, drx-InactivityTimer or drx-retransmissionTimer is running and 4 more subframes they are expired or stopped.
Table below shows the expected UE behaviour of the solution 2

<Table 2>

	
	CQI/PMI/RI/PTI transmission
	4 more subframe afterward?

	(1) onDurationTimer is running
	Yes
	Yes

	(2) drx-InactivityTimer is running
	Yes
	Yes

	(3) drx-RetransmissionTimer is running
	Yes
	Yes 

	(4) mac-ContentionResolutionTimer is running
	No
	No

	(5) a Scheduling Request is sent on PUCCH and is pending
	No
	No

	(6) an uplink grant for a pending HARQ retransmission can occur
	No
	No

	(7) a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).
	No
	No


Proposal 1: Redefine the period during when CQI/PMI/RI/PTI is transmitted as shown in table 2

Long DRX during on-going data transmission 

Another problem of the current DRX operation is that long DRX might be applied even when data transmission is ongoing. The scenario is when continuous data transmission is triggered in the long DRX cycle and before the first drx-inactivityTimer expires which may happen sometime. Usually DRX cycle does not matter when UE is already in Active Time. The problem occurs if UE is configured with CQI-mask in which case the data transfer will be done with insufficient CQI for long time.
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Fig 1

In our understanding, applying Short DRX cycle during on-going data transfer is more natural. It can be achieved by applying Short DRX cycle while drx-inactivity timer is running. 
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Fig 2

Proposal 2: Apply Short DRX cycle during when drx-inactivityTimer is running as well as when drxShortCycleTimer is running
Ambiguity on DRX cycle to be applied 

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 long DRX to short DRX cycle change. The starting time of the onDuration is the function of DRX cycle length, hence if DRX cycle suddenly changes, onDuration can occur suddenly as shown in figure 1 (let’s call it as ‘unexpected onDuration occurrence’).
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Fig 3
Another source for uncertainty is unexpected continuation of DRX cycle which can occur when DRX cycle does not change while UE has expected it to change. Then onDuration disappear suddenly as shown in the figure 4 (let’s call it as ‘unexpected onDuration lost). The scenario can be summarized as below.

· UE is currently in the Long DRX cycle

· inactivityTimer is running and supposed to expire in the subframe (n)

· UE assumes drxShortCycleTimer will start at (n), hence Short DRX cycle will apply from then

· UE is scheduled with new tx/rx at subframe close to (n). 

· inactivityTimer does not expire in subframe (n). Hence drxShortCycleTimer does not start at (n). UE keeps applying Long DRX cycle. Hence onDuration is suddenly disappear


[image: image4.emf]inactivityTimer starts

inactivityTimer supposed to be 

expired

inactivityTimer restarts due to 

PDCCH for new tx/rx

UE expected onDuration here

But onDuration suddenly disappear due to 

inactivityTimer restart


Fig 4

If the proposal 2 is agreed, ‘unexpected onDuration lost’ problem is also solved because it has already been in Short DRX cycle when drx-inactivityTimer has started. ‘unexpected onDuration Occurrence’ problem still remains which cannot be solved completely. 
Unexpected onDuration Occurrence is limited to long to short transition, and it will affect at most 4 subframes. It means that if we don’t solve it, upon long to short transition, there would be some performance degradation (provided that ENB avoid scheduling the UE during that period). More specifically, UE may not be able to comply with sending CQI/PMI/RI/PTI in the following case.

· Short DRX cycle starts at subframe (n) upon drx-inactivityTimer start
· CQI/PMI/RI/PTI is scheduled at (n+m); m ≤ 4

· onDuration starts before (n+m) and include (n+m)

It seems not too bad because 1) long to short transition may not happen very often and 2) the probability that long to short transition and onDuration collide is low.
To make it clear that UE can not comply in such case it is proposed to add a note.
Proposal 3: To add the following note

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) causing DRX cycle to change from Long to Short DRX cycle.
3 Conclusion
Followings are discussed;

1. How to limit UE optionality in sending CQI/SRS at DRX change
2. Long DRX during on-going data transmission
3. Ambiguity on DRX cycle to be applied
To address the first issue following is proposed;

Proposal 1: Redefine the period during when CQI/PMI/RI/PTI is transmitted as shown in table 2. More specifically, CQI/PMI/RI/PTI is transmitted during when at least one of onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer is running and 4 more subframes after onDurationTimer, drx-inactivityTimer or drx-RetransmissionTimer has expired or stopped.
To address the second issue following is proposed;
Proposal 2: Apply Short DRX cycle during when drx-inactivityTimer is running

To address the last issue following is proposed;

Proposal 3: To add the following note

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) causing DRX cycle to change from Long to Short DRX cycle.
A draft CR is presented in [1]
Reference
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Draft CR to 36.321 on CSI/SRS transmission during active
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