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Discussion and Decision

1
Introduction
A main requirement to the LTE system is defined in [2] and specifies that the “system should be able to support a large number of users per cell with quasi instantaneous access to radio resources in the active state. It is expected that at least 200 users per cell should be supported in the active state for spectrum allocations up to 5 MHz, and at least 400 users for higher spectrum allocation. A much higher number of users is expected to be supported in the dormant and camped state”. Assuming that all 400 users use quite fast periodic CQI reporting (every 4th sub-frame assumed in [1]), it is shown in [1] that a large fraction of the uplink capacity is spent on signalling of CQI. 
If we have room for 400 active users in the system, we assume that these are relatively low data rate users. We assume in that case that the number of users needing to transmit periodic CQI is quite limited since:

· Only users that are ready to receive data (i.e. users that are not in DRX sleep) send the CQI in the uplink. Hence, we assume that the periodic CQI reporting is gated by the DRX pattern. 

· To achieve multi-user diversity gain, we don’t need to have hundreds of users available for scheduling at any given time instance. Hence, for users without excessive delay requirements, we should make efficient use of DRX mechanisms in order to save UE power consumption. Those users should not transmit CQI reports periodically during DRX/DTX periods. 

With an effective coupling of periodic CQI reporting with DRX setting, we believe that the needed CQI overhead in uplink can be reduced to an acceptable level. Hence, the analysis conducted in [1] is not sufficient to conclude that e.g. event-triggered CQI reporting is indeed needed. Further, by coupling such basic mechanisms, the required downlink signalling overhead for configuring CQI reporting can be reduced as well as the UE power saving possibilities increases.  

2
Periodic and event-based CQI reporting
A key benefit of periodic reporting (including abovementioned coupling with DRX and allocation parameters) is that the CQI load can be efficiently multiplexed such that uplink resources are effectively allocated. Further, periodic reporting yields a higher tolerance to errors in the uplink transmission and we will be able to live with a relatively larger error level per CQI report since a new report will follow automatically (e.g. no new event has to be triggered). Hence, an uplink CQI  reception failure is simply equivalent to a larger CQI reporting delay as the eNB will discard the erroneously received CQI report and wait for the next periodic CQI report (i.e. the eNB will always use the latest correctly received CQI). 
Further, the aspect of controlling and recognizing CQI triggering events can be problematic. The UE is only aware of “local” aspects while the eNodeB is aware of timing issues where multiple users with multiple QoS-profiles are considered. Hence, triggering based on scheduling patterns as proposed in e.g. [1] may produce insufficient performance when a UE is typically allocated in shorter bursts. That type of allocation is best when a UE is allocated successively over several sub-frames. If this is typical behaviour, efficient DRX usage as discussed above can be used to reduce CQI load and will additionally bring power consumption savings for the UE. For efficient event-based CQI, the “event” should be known at both the UE and eNodeB location. Preferably, the eNodeB is in control of the event such that multi-user and system considerations can be included when “scheduling CQI events”.

A final issue related to event-based transmission is the question if the savings in “number of CQI reports transmitted” can really be mapped into system gains in the uplink (e.g. gains in uplink data capacity or in UE transmission power). The latter is especially questionable when considering the uplink multiple access technique and the design of the uplink control channel for CQI reporting. On the contrary, efficient utilization of uplink control resources for CQI reporting is much easier for periodic CQI reporting, where each CQI report is having a fixed size. 
3
Conclusion and recommendations
Our preference is to use a simple periodic CQI reporting scheme, where the eNB is in control of the reporting interval for CQIs. The CQI word size for each reporting shall have a fixed size. The periodic CQI reporting shall be gated by the DRX pattern, so CQIs only are sent on the uplink when a UE is “ready”, i.e. no CQI reporting from UEs in sleep mode. We have not identified any special need for optimization of CQI report together with DRX, as DRX parameters can also be set flexibly to ensure efficient link control during “ready” periods. Given this simple periodic CQI approach, it becomes feasible to allocate uplink transmission resources for CQI reporting to ensure high efficiency. The overall traffic load from CQI reporting is thereby controllable by the eNB by adjusting the CQI reporting interval and the DRX pattern for each individual user. Furthermore, periodic reporting has some obvious advantages and getting the gain out of further event-based reporting is not trivial in the uplink. 
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