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1
Introduction
The current structure of E-UTRA uplink allows for CQI to be transmitted in two possible physical channels, PUCCH and PUSCH.
In this document, we outline our views on CQI transmission strategies in support of frequency diverse and frequency selective scheduling.
2
Frequency Selective Scheduling
2.1
CQI transmitted on PUCCH
The payload size of CQI transmitted on PUCCH is limited, since the structure allows for at most 10 modulation symbols per subframe in FS1.
Given this observation, it is not possible to transmit CQI for multiple subbands simultaneously within a given subframe. On the other hand, a simple enough mechanism exists for transmitting CQI for multiple subbands over time on PUCCH, namely, cycling the CQI reports through all the subbands in time.
This structure allows the eNB to receive the downlink effective SNR over a period of time. As a simple example, with 5 subbands and CQI report every 2ms, the eNB can receive the effective SNR for all subbands in 10ms.
2.2
CQI transmitted in-band on PUSCH
The payload size of CQI transmitted in-band on PUSCH can be fairly high. In the extreme case, up to 144 modulation symbols are available per RB per subframe for FS1, making it an attractive option for simultaneous transmission of CQI over multiple subbands.
CQI transmitted in-band on PUSCH relies on HARQ. Assuming that the termination target is 1% after an average of 2-3 transmissions and with 8 HARQ processes in uplink, the effective delay could range from 16ms to 24ms. 
If one considers the previous example (5 subbands), the CQI delay on PUCCH is smaller than the CQI delay on PUSCH. However, as the CQI granularity or number of subbands increases, the CQI delay on PUSCH is smaller.

If PUSCH is the sole mechanism of transmitting CQI per subband, there is the added cost of UL grant (PDCCH) in the downlink. While persistent assignments may also be used, the feedback overhead can be fairly substantial, depending on number of users.
In the previous example, 24 users can transmit CQI over 5 subbands within 10ms, using 2 PUCCH RB in uplink per subframe. Using PUSCH, one would need 3 RBs per subframe with 8 HARQ processes, with an effective delay of 16ms to 24ms depending on termination target. However, if there are 20 subbands, the CQI delay on PUSCH is much smaller.
In other words, in-band CQI transmission on PUSCH is beneficial when the number of subbands is fairly large.

3
Summary
Based on the discussions in section 2, we observe that PUCCH provides a simple mechanism for wideband and narrowband CQI transmission for a wide range of scenarios. However, as the CQI granularity increases, PUSCH provides a better mechanism.

Therefore, we propose to adopt the following for CQI reporting in E-UTRA:
· PUCCH

· Transmit CQI for one subband at a time in PUCCH

· UE reports CQI for all subbands via simple cycling through over time

· Allows for wideband and narrowband CQI transmissions on PUCCH

· PUSCH

· Transmit CQI for all subbands simultaneously

· Suitable for narrowband CQI transmission with very fine granularity








































































































































































































































































































































































































































































































































































































































































































































































































































