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1. Introduction

In Malta meeting, RAN2 discussed handling of Non Real Time (NRT) traffic to support DRX efficiently. Current agreements are as follows:

· Both explicit trigger and implicit trigger are supported to change DRX

· CQI reporting is not required during off-duration for DRX UE

This document discusses Resource management of CQI during DRX

2. Discussion
We propose to support MAC level CQI reporting resource management for effective use of DRX. Firstly, we propose basic MAC level CQI reporting resource management in section 2.1. Parameters to support the behaviour by MAC are discussed in section 2.2. We also discuss more detailed behaviour on CQI reporting resource management in section 2.3. It should be noted that this document only discusses CQI reporting, but proposals of this document are also applied to sounding reference.

2.1.   Resource management for CQI reporting

RAN2 agreed CQI reporting is not required off-duration of DRX UE. It’s better to release the resource to other UEs for radio efficiency for long DRX/DTX cycle. On the other hand, to use implicit DRX cycle change is agreed. Benefit of implicit DRX cycle change is to reduce signaling. Therefore, CQI resource needs to be managed without signaling. If signaling is necessary for CQI management, the gain of implicit DRX cycle change is lost. Therefore, we propose CQI reporting is also implicitly managed..
To support implicit CQI resource management, we propose following behaviors.

· Resource for CQI reporting is allocated at RB establishment probably by RRC message.

· DRX is expanded longer than specific value 
· UE and eNB consider that allocated resource for CQI reporting is released implicitly as illustrated in Figure 1
· DRX is shortened than specific value 
· Explicit MAC signaling is used to allocate new resource for CQI reporting. The MAC signaling won’t include detailed configuration. Configuration at RB establishment could be reused for detailed configuration information.

· DL initiated transmission case: 

MAC signaling is sent to allocate new resource for CQI reporting at first DL scheduling as illustrated in Figure 2 (a).

· UL initiated transmission case:

MAC signaling is sent to allocate new resource for CQI reporting after resource request reception at eNB as illustrated in Figure 2 (b).

It should be noted that the same principle can be applied to resource request, if resource request is similar to CQI.
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Figure 1: Concept of CQI reporting resource release
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(a) DL case

 [image: image3.emf]Include MAC message to add 

radio resource for CQI reporting 

and resource request

eNB

UE

Signalling flow for 

uplink case

Newly allocated 

resource

Newly allocated 

resource

R

a

n

d

o

m

 

A

c

c

e

s

s

G

r

a

n

t

f

o

r

 

r

e

q

u

e

s

t

R

e

s

o

u

r

c

e

 

R

e

q

u

e

s

t

G

r

a

n

t

f

o

r

 

r

e

q

u

e

s

t

On

Off

CQI Resource 

Allocation

UE RX 

behaviour


(b) UL case

Figure 2: Concept of CQI reporting resource re-allocation
2.2.   CQI resource management parameters

We propose following parameters on CQI resource are handled by MAC (MAC Control PDU).
· CQI reporting interval per one radio frame

· Sub-frame position in one radio frame

· Radio block position in one sub-frame

· CAZAC sequence information

CQI reporting interval, sub-frame position, and radio block position info is similar to parameters which are handled by MAC as radio scheduling function. Then, to handle these three parameters by MAC would be natural. Regarding CAZAC sequence, it may be too detail to transmit CAZAC sequence information on MAC Control PDU. However, assuming that system information or dedicated RRC message carries possible CAZAC sequence information with index, MAC Control PDU only needs to send the index. Only 6-8 sequences could be transmitted in one radio block at the same time. Then, it would be possible to send 3 bits to indicate CAZAC sequence information on MAC Control PDU. 

2.3.   Criteria to change CQI reporting resource

In this section, we discuss the criteria to change CQI reporting resource. There are two CQI reporting resource aspects:  time/frequency resource and power resource. We discuss these two aspects.

Regarding with time/frequency aspect, two behaviors could be considered to release CQI reporting resource. First behavior is to release CQI reporting resource only for off-duration during DRX. Second behavior is to release all CQI reporting irrespective of on-duration or off-duration during DRX. We think that both of them should be supported. If DRX cycle is short, it’s better to have CQI reporting for data resuming and timing alignment. If DRX cycle is long, it’s better to avoid unnecessary CQI transmission. Therefore, one behavior could be chosen based upon DRX cycle length from these two behaviors. The concept is illustrated in Figure 3. In this figure, two thresholds are defined. Threshold 1 is used to select first behavior, and threshold 2 is used to select above second behavior. When UE’s DRX cycle is shorter than threshold1, UE keeps CQI reporting resource irrespective of on or off duration. When UE’s DRX cycle is longer than threshold1 and shorter than threshold2, UE keeps CQI reporting resource only for on-duration. When UE’s DRX cycle is longer than threshold2, UE releases all CQI reporting resource. By defining these two thresholds, UE can manage time/frequency resource for CQI reporting implicitly.

Closed power control or open power control is an issue on power resource aspect. Closed power control is only available when interval to send CQI reporting is enough short. Therefore, threshold concept could be used for this objective as well. The concept is illustrated in Figure 4. In this figure, threshold a is used to decide closed power control or open power control. That is, if UE’s DRX is shorter than threshold a, closed loop power control is selected. Then, L1/L2 control channel will be associated for power control. If not, open power control is selected. By defining this threshold, CQI reporting power can be managed efficiently without explicit signaling.

Thresholds discussed above will be configured in UE by system information or dedicated RRC message before transiting to DRX mode of operation. It should be noted that it may be possible to use same threshold value to manage both time/frequency resource and power resource.
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Figure 3: Concept of time/frequency resource handling
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Figure 4: Concept of power resource handling

3. Conclusion
This document discussed DRX handling. We propose followings.  

· To support implicit CQI resource management
· To use MAC Control PDU for CQI resource management

· To define thresholds to control usage of CQI reporting resource
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