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1. Introduction

This contribution addresses DL CQI reporting in UL from RRC-connected UE in DRX mode.
A problem is shown which can happen when the DL DRX operation and the UL DTX operation for a DRX UE are not aligned (or not well aligned).
2. Discussion

It is supposed that Active-mode UE in RRC_connected mode sends DL CQI in UL with a specified time interval and possibly additionally on demand. And DRX-mode UE in RRC_connected mode sends DL CQI at UL DTX instance (i.e. UL timing allowed to transmit UL data from DRX-mode UE) as shown in Figure 2. 
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Figure 1  DL DRX (illustrated as an example, according to recent RAN 2 discussion.                                  DRX configuration/operation is per UE basis) 
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Figure 2
 In an example in Figure 2, a UE in DRX mode sends DL CQI every other UL DTX instance. Not every UL DTX instance for a DTX-mode UE may be used for the DL CQI reporting. The UE may send e.g. channel sounding reference signals and/or scheduling request indicator as well as DL CQI at UL DTX instances.
One of current RAN2 working assumptions about the LTE DRX is that the maximum DRX interval can be 5120 TTIs (=5.2 s). At present, it is unclear how RAN2 will relate DL DRX with UL DTX. One natural rough thought is that when the DL DRX interval for a UE is being long, the UL DTX interval for the UE is being long. And when the DL DRX interval for a UE is increased, then the UL DTX interval for the UE is also increased. It is not clear if for a DRX UE for a certain period, the UL DTX interval is the same as the DL DRX interval. From a viewpoint of UE battery saving and the accommodation of as many “RRC-connected” DRX UE as possible, long UL DTX interval is preferable. And from a viewpoint of e.g. UL synchronisation maintenance in DRX mode, short UL DTX is preferable. What is clear so far is that we deem a DRX-mode UE sends DL CQI at UL DTX instances allocated to the UE. And it may be inefficient for DRX UE to send DL CQI in a contention-based manner.
As shown in Figure 3, when data for a DRX-mode UE arrives at the serving eNodeB from the network, the serving eNodeB may carry out link adaptation on the data for the UE, utilising the most recent DL CQI reporting from the UE, and send the data to the UE possibly at the most recent DRX instance assigned to the UE. Here is a problem that if the DTX instance (where a DL CQI is sent from the UE) and the DRX instance (where the data link-adapted with the CQI is sent to the UE) is not sufficiently closed to each other, the link adaptation on the data cannot effectively exploit the DL CQI reporting from the UE. This can become more serious as the DRX interval becomes longer (Figure 4).
[image: image3.wmf]UE

 in DRX mode

eNodeB

DL data

arrival

CQI

DTX

instance

CQI

Data

L

1 

cntl

.

Link 

adaptation

DRX mode

DRX mode is released

, 

and 

continuous reception mode or 

possibly 

“

shorter

”

 DRX mode 

starts

...

DRX interval

DRX

instance

DTX interval


Figure 3
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Figure 4
3. Suggestion
From a RAN1 point of view (i.e. good link adaptation on DL data for UE in DRX mode), we suggest, as shown in Figure 5, to relate the DRX operation for a DRX-mode UE with the DTX operation for the DRX UE so that the UL DTX instance can be sufficiently close to the DL DRX instance and as a result the DL CQI reporting from the DRX UE can be well utilised in order to do the best as possible link adaptation on DL data sent to the UE. This suggestion can be rephrased such as that a DRX UE is configured DRX/DTX operation so that DL CQI sent by the UE arrives at the serving eNodeB just before(a few TTIs before) one of DL DRX instances allocated to the UE.  The detail on this suggestion needs a bit further investigation. And it can be forwarded to RAN2 discussion on the LTE DRX/DTX 
[image: image5.wmf]UE

 in DRX mode

eNodeB

DTX

instance

DRX interval

DRX

instance

DTX interval

DTX interval

DRX interval

Shortest as possible 

while keeping the necessary 

signal processing time


Figure 5
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