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1 Introduction

Two types of CQI reporting are considered in this document periodic and triggered. The document finds that a periodic reporting of CQI is not compatible with the support of a large population of active users in the E-UTRA system.  

The structure of this document is as follows:
· section 2 estimates the uplink payload requirements 

· section 3 provides a short overview of the periodic and triggered CQI reporting schemes

· section 4 contains a comparison of the number of UEs that can be supported via periodic and triggered reporting mechanisms based on the overhead inherent in the two techniques

This document is mainly based on [9] and is updated based on RAN1 agreements between RAN1#44bis and RAN1#46bis.
2 Uplink Payload requirements for CQI

In order to support frequency selective scheduling, more CQI bits need to be signaled for the LTE air interface than for the UTRA air interface. The number of bits per CQI report depends on the CQI signaling scheme used (example CQI signaling schemes are detailed in section 7.1.3.1.1.1.1 of TR25.814 [5]).
In [1], Motorola consider a “Best-M” and a hybrid scheme. Both schemes show a gain over signaling of a single CQI value. In a 5MHz bandwidth, the “Best-M” scheme requires 11 bits per CQI report and the hybrid scheme requires 9 bits per CQI report. The performance of frequency selective scheduling is shown to decrease as the CQI reporting period increases (the gain reduces from 21.7% when CQI is reported every sub-frame to 17.6% when CQI is reported every fourth sub-frame).
In [2], Qualcomm consider a CQI reporting bandwidth of 1.125MHz (leading to 4 individual CQI reports over a bandwidth of 5MHz). It is assumed that the number of bits required for this signaling scheme is between 7 bits (when a “Best M” approach is taken) and 20 bits (when a separate 5-bit CQI value is reported for each CQI reporting bandwidth).

In [3], Siemens consider a DCT approach to CQI reporting. This scheme is further analysed in [4] where Huawei consider either the DCT scheme or the “Best M” scheme to require 24 bits per CQI report.

Depending on the scheme adopted for CQI reporting, it appears as though the number of bits required per CQI report is of the order of 10-20 bits per CQI report. Assuming the coding required for CQI is similar to that required in UTRA (where a [20,5] block code is used in FDD), the number of physical bits required to transmit CQI is thus of the order of 40 - 80 physical channel bits. Hence each CQI report is considered to require between 20-40 SC-FDMA subcarriers  (assuming QPSK modulation). In this Tdoc, we assume the lower bound: 20 SC-FDMA subcarriers per CQI report. It is assumed that the bandwidth occupied by a resource block and the bandwidth for which a CQI report is relevant are independent (such that a single CQI report can be relevant for multiple resource blocks - each resource block covering 12 sub-carriers).
3 Periodic vs Triggered CQI reporting

Two methods of uplink signaling of CQI are considered:
· periodic reporting: all “active” UEs send a CQI report every “k” sub-frames. This CQI reporting method is similar to the CQI reporting method used on HS-DPCCH in UTRA FDD.

· triggered reporting: UEs only send a CQI report when they are assigned downlink data. This CQI reporting method is similar to the CQI reporting method used on HS-SICH in UTRA TDD.

Periodic reporting is illustrated in Figure 1. This figure shows a CQI reporting period of “k” = 4. The figure shows that for some UEs (e.g. UE3), there is no allocation on the DL, but CQI is still reported on the uplink; for other UEs (e.g. UE1), there is allocation on the DL, but CQI reports for that UE are not received ([1] shows that a lack of CQI reports leads to reduced system throughput).


[image: image1] 

Figure 1 - Example of periodic CQI reporting
Triggered reporting is illustrated in Figure 2. In this figure, CQI is returned on a resource that is implicitly allocated when an HS-SCCH is allocated (for example an HS-SCCH allocation implicitly allocates uplink resource in the next sub-frame for the purposes of CQI transmission). This figure shows that when there is significant downlink activity, the CQI reporting rate from the UE increases; when there are periods of inactivity, CQI reporting from the UE stops. Note that after a period of inactivity, the scheduler may choose to either schedule conservatively or poll the UE with a “CQI request type” message.

[image: image2]
Figure 2 - Example of triggered CQI reporting

4 Comparison of Number of UEs supported

The total number of sub-carrier “units” or data symbols per 1ms TTI available in the uplink in a 5MHz bandwidth is 4200 ([6 ( 300 + 2 ( 150] ( 2) [5 section 9.1.1].

For the triggered reporting case, the number of active UEs that can be supported is not specifically limited by L1 constraints. The number of HS-SICH-type uplink channels required to transmit CQI is equal to the number of HS-SCCH (nHS-SCCH). The amount of uplink resource required in the triggered case is:
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where it is assumed that 20 subcarriers are required per CQI report. An approximation to the maximum number of HS-SCCH required can be derived assuming the minimum size of a dynamic allocation to a UE is 2 resource blocks (or 24 sub-carriers, 375kHz). In this case, approximately 13 HS-SCCH / HS-SICH pairs are required (typically fewer HS-SCCH will be allocated due to power limitations associated with L1/L2 control signalling). Note that in this analysis, it is assumed that when a single resource block is allocated to a UE, it is allocated for a conversational / streaming class of service such as VoIP and is allocated semi-statically and not be HS-SCCH). 
For the periodic reporting case, the number of active UEs that can be supported is restricted by the amount of uplink physical resource assigned for CQI reports. The number of subcarriers used for CQI reporting is:
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where “k” is the repetition factor and it is assumed that 20 subcarriers are required per CQI report.

The percentage of uplink subcarrier resource used for periodic and triggered CQI reporting is shown in Figure 3.
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Figure 3 - Percentage of UL resource required for periodic and triggered CQI reporting

Section 6.2.1.1 of [6] states 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”. 
It is assumed that for every user in the “active” state, (orthogonal) resources are reserved to enable the UE to report CQI. If there are sub-states to the LTE-Active state (e.g. MAC-active and MAC-dormant), then it is assumed that in either sub-state, those resources are reserved since this assumption greatly simplifies the transitions between sub-states. Whether a UE reports CQI in the orthogonal uplink resources reserved for CQI or not may depend on the MAC sub-state that the UE is in. The definition of E-UTRA states and sub-states is a RAN2 issue.
In order to support 200 users in the active state with periodic CQI reporting, the “k” periodicity factor for CQI reporting must be 8 or greater in order to not incur a prohibitive usage of UL subcarrier resource (>10%). 200 users can be supported in the active state when triggered reporting is used. It can be expected that the performance of frequency selective scheduling with a periodicity of k ( 8 will be significantly impaired in medium speed mobile channels compared to the performance with triggered reporting (where CQI reports are available for every TTI with typical bursty packet-type traffic).
5 Conclusion
The large number of UEs that must be supported in the active state (( 200 for a 5MHz bandwidth) means that a triggered reporting mechanism (where UL resource is implicitly allocated with DL scheduling allocations) for CQI is desirable for E-UTRA.
Triggered reporting of CQI removes the need for a constant periodic stream of uplink signaling and is more in line with the E-UTRA ethos of the use of shared channels and self-contained transmissions.
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