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1. Introduction
The UL transmission timing of the CQI reporting for downlink (DL) scheduling is an important aspect in the EUTRA design directly impacting the effectiveness of the frequency sub-band allocation process for downlink scheduling and the UE ability for power savings.
In [1], the DL throughput was evaluated for scheduling delays of 1 and 2 TTIs while in [2] the scheduling delay was assumed to be 4 TTIs. Clearly, the smaller the scheduling delay, the more relevant the CQI for DL scheduling, the more preferable localized scheduling is over distributed scheduling, and the larger the total system throughput gains from frequency scheduling. In [1], it was shown that for a scheduling delay of 1 TTI, localized scheduling is preferable to distributed scheduling for UE speeds as high as 170 Kmph for 2.6 GHz carrier frequency. Moreover, for UE speeds above 170 Kmph, localized scheduling experiences only moderate losses relative to distributed scheduling. Clearly, for the operating carrier frequencies around 900 MHz, a scheduling delay of 1 TTI renders distributed scheduling unnecessary for all UE speeds of interest.
In addition to maximum frequency scheduling gains from a minimum scheduling delay, considering that the performance should be optimized at low UE speeds while some losses are acceptable at very high ones, it may even be preferable to only consider localized scheduling, especially for the operating bandwidths of 5MHz and above. This will simplify the scheduling process, may reduce the associated overhead, and allow sub-carriers or resource blocks reserved for distributed scheduling to be available for localized scheduling (thereby improving/optimizing throughput for low speeds UEs using localized scheduling). Whether only localized scheduling is sufficient for scheduling delay of 1 TTI is FFS (VoIP-type traffic may of course still have a distributed-like scheduling such as persistent scheduling) but minimizing the CQI reporting delay will clearly maximize the throughput gains from frequency scheduling for EUTRA.
2. Time Budget for CQI Reporting Delay of 1 TTI
A CQI reporting delay of 1 TTI can occur if the UE computes the CQI based on the pilot sub-carriers located in previous TTIs and in the first OFDM symbol of the current TTI. Notice that such a delay is not possible for Release 5 since the pilot power is spread over the entire TTI. Moreover, the CQI measurement is very accurate for the OFDMA DL mainly because of the orthogonal signal nature [4], especially for SINR values where UE scheduling is likely. 

Relative to the DL transmission, UL transmission can occur with an offset of an integer number of TTIs plus an additional TTI fraction (as in Release 5). The delay associated with the overall scheduling process includes (Figure 1)

a) Reception of first (and possibly second) OFDM symbol of DL TTI

b) UE processing: CQI computation, DL SCCH for uplink scheduling decoding, and UL encoding

c) round trip propagation delay (can be practically omitted for cell radii < 10 Km)

d) reception of first long and short blocks of UL TTI

e) Node B processing: CQI (or UL control channel) decoding, UE scheduling, and packet encoding
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Figure 1: Time Budget to Achieve CQI Reporting Delay of 1 TTI. 
Notice, that with the staggered pilot [3] it is possible to multiplex the pilot from 2 Tx antennas in the first OFDM symbol of the DL TTI while allowing for short control messages (e.g. control for UL scheduling, UE identities and resource information for DL scheduling) to also exist in the first OFDM symbol. However, as it will be shown, it is not necessary for the described UL transmission process to have the pilot sub-carriers from all transmit antennas and the control channel for UL scheduling in the first OFDM symbol of the DL TTI.

If the DL control channel part related to UL scheduling occupies the first OFDM symbol of the DL TTI, the sum of the above delays should not exceed 6 OFDM symbols (0.429 msec). 

With respect to their time duration, the operations at the UE are dominated by the decoding of the DL SCCH for UL scheduling. This decoding operation can be typically performed in less than 0.5 OFDM symbols (e.g. 36 sec). The decoding process is dominated by convolutional decoding (about 20 sec) but also includes CP removal and FFT application, channel estimation, demodulation and equalization. Allowing for similar processing time for the CQI computation and UL encoding, the total UE processing time for UL transmission is about 1 OFDM symbol. Therefore, UL transmission can commence with an integer TTI offset plus an additional fraction of about 2 OFDM symbols. 

Comparable or smaller processing delays as the one described above are assumed for the UE ability to obtain any meaningful power savings from micro-sleep mode considering that advanced RF turn off and turn on time periods exceed 2 OFDM symbols (leaving at most 2 OFDM symbols for power savings under the assumption that the base-band processing is completed in 1 OFDM symbol).  

Similarly, the Node B operations of decoding the UL control channel, UE scheduling, and DL packet encoding can be completed within comparable time duration. To facilitate the time budget, the UL control channel should be transmitted at the beginning of the UL TTI (first long block).  

If the control channel for UL scheduling occupies part of the second OFDM symbol of the DL TTI, then an additional OFDM symbol is needed for the time budget related to achieving CQI reporting latency of 1 TTI. However, this does not preclude a CQI reporting delay of 1 TTI assuming that the UL control channel (CQI reporting) is located in the beginning of the UL TTI. Moreover, unlike the case where the control channel for UL scheduling is located only in the first OFDM symbol of the DL TTI, the UE micro-sleep mode is delayed by the time period required to encode and transmit the UL TTI.
Notice that providing for CQI reporting delay of 1 TTI does not imply larger overhead or CQI reporting in every TTI by all UEs (low speed UEs can send CQI reports less frequently). However, it does provide the capability for medium and high speed UEs to report CQI information that is up-to-date enough to allow for localized scheduling and improve the corresponding UE throughput. 
3. Conclusions
To allow for minimum scheduling delay and optimize DL throughput performance in E-UTRA, at least the data non-associated portion of the UL control channel (including the CQI) should be transmitted in the first data block of the UL TTI. This was also identified in [5] where performance evaluation results and a similar TP were also presented. 
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Start of text proposal for TR 25.814, section 9.1.1.3
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9.1.1.3
Channel coding and physical channel mapping
Similar to the downlink, the current assumption is that uplink channel coding for Layer 3 information is based on current UTRA release 6 Turbo coding, possibly extended to lower rates by the extension of additional code polynomials, extended to longer code blocks, and modified by the removal of the tail. However, also similar to the downlink, the use of alternative FEC encoding schemes could be considered if significant benefits in terms of complexity and performance could be shown. 

To achieve high processing gain, repetition coding can be used as a complement to FEC.

Uplink channel coding for lower-layer control signalling is TBD.
The control channel is multiplexed in time domain and may preferably be mapped on the symbols from which the CP is constructed. The control channel is transmitted in the first data block(s) of the sub-frame.
-----------------------------------------------------------------------------------------------------------------------------

End of text proposal for TR 25.814, section 9.1.1.3   
T2: Time to receive UL SCCH and first SB (pilot), UL SCCH decoding, scheduling, and DL transmission
















































































T1: Round trip propagation delay (included once as total)











T0: Time to receive DL SCCH for UL scheduling, CQI computation, SCCH decoding, and UL transmission
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