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1. Summary

Since precoding information is only needed when data will be transmitted to a UE, a UE’s precoding feedback is wasted when the UE is not scheduled in a given TTI.  Because precoding overhead can be significant, we consider approaches to minimize this waste by limiting the precoding feedback to UEs that are likely to be scheduled.  
The approaches considered activate precoding feedback when the UE is scheduled on DL-SCCH, and do not incur any additional DL-SCCH overhead.  However, the prior detection of DL-SCCH leads to a delay of the user data transmission by at most one or two slots for the TTI when precoding feedback is activated.  When frequency selective scheduling is used, the methods also allow the UEs to feed back only for those resource blocks (RBs) that they are scheduled upon.
Since the feedback can be reduced dramatically (e.g. 1 user may feed back precoding information instead of the N that could be potentially scheduled), we feel that a means of limiting precoding feedback to those UEs that are likely to be scheduled should be used in LTE.
2. introduction
In [
,
] we considered the benefit of using multiple precoding array weights per user.  We found that significant gains over non-frequency adaptive approaches were possible (throughput gains of around 10-15% in a 4x2 MIMO configuration were observed).  Therefore we concluded that using multiple precoding array weights per user (“frequency selective precoding”) should be supported for LTE.
The gains from frequency selective precoding do come at a higher cost than using 1 precoding weight per UE.  For example, when feedback is at the slot rate, and UEs are strictly scheduled in a TDM fashion, the use of one 4 bit precoding indication for every other RB could cost roughly on the order of 2% of the uplink [1].  While this cost seems reasonable enough given the downlink gains, if, say 10 UEs all transmitted this amount of precoding, then the uplink cost would be 20%, which can be on the order of the downlink gains.  
Given that frequency selective precoding per UE can create significant uplink overhead, some method of limiting the number of UEs feeding back precoding information therefore seems needed.  
3. Discussion

Since CQI is calculated using common reference signals and assuming that the requested precoding is used for transmitting the user data, the precoding information is not needed for scheduling purposes.  The precoding information is only needed when a UE will be served on DL-SCH, and therefore should be transmitted by those UEs most likely to be served as close as possible to the times when they will be served.  
One straightforward approach to reduce the feedback would be to transmit it at a reduced duty cycle for each user.  This approach would seem to work well if the UEs can be scheduled with the same period as the antenna feedback, but seems difficult for aperiodic (e.g. proportionally fair) schedulers.

A second approach would be to turn the array feedback on as close as possible to when a UE is scheduled.  One way to do this would be to activate the UE’s precoding feedback with signaling on DL-SCCH.  For example, as soon as the UE decodes DL-SCCH and finds it has been scheduled, it could transmit precoding feedback.  This approach is shown in Figure 1 below
.
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Figure 1: Activating Precoding Feedback with 1 TTI Delay

The UE transmits CQI during TTI 0, and eNB notifies the UE it will be scheduled in TTI 1.  The UE decodes DL-SCCH and transmits precoding weights that are applied by Node B in TTI 2 when it transmits data to the UE on DL-SCH.  (This is possible only if the DL-SCCH data is available early enough in the TTI.)
We observe 
· This method has a one TTI delay between the first user data transmission on DL-SCH and the CQI used to decide upon the first transmission.  However, if the UE continues to transmit precoding, the TTI delay between the CQI and the data is no longer present, and both the CQI and precoding are available.  
· No additional overhead is needed on DL-SCCH to control the UE precoding for this approach.  However, if a UE were traveling at sufficiently high speed such that the delay on the first CQI is a concern, a second DL-SCCH notification could be transmitted in TTI 2 using the most recent CQI.  In this case, only the user data would be delayed (instead of both the CQI used in the scheduling decision and the user data).
· When the UE knows which RBs it will be served upon (which can be enabled by delaying the data transmission enough for UE to feed back precoding), it only need feed back precoding for those RBs that it is scheduled on.  This will reduce precoding feedback when frequency selective scheduling is used.  
It is also possible to reduce the user data delay to 1 slot by activating the precoding during the first slot of a TTI, and offsetting the data transmission from the notification by one slot.  This is shown in Figure 2 below.

[image: image2]
Figure 2: Activating Precoding Feedback with 1 Slot Delay

In this method, the user data transmission starts one slot, rather than 1 TTI, after the notification.  The data continue to be transmitted in the next slot, and so coincide with the next TTI’s notification. Like the previous method, no additional DL-SCCH overhead is needed to control the uplink precoding.  However, the frame timing is somewhat different than commonly proposed.
The case where users tend to be periodically scheduled (e.g. round robin or “near round robin” scheduling) can be supported using these approaches.  When the UE is notified that it has data, it can continue to transmit precoding periodically (e.g. for N frames out of every M frames for some predetermined duration).
The impact of a one slot or a one TTI delay for the first transmission to a UE varies with the scheduling, since the scheduling itself causes delay.  For example, scheduling with a fair scheduler means the UEs will have to wait for their data while the other UEs are served.  So if 10 UEs are scheduled together at the TTI rate in a TDM fashion, they have an average 9 TTI delay between packets (if the buffers are full), and the delay between packets with the methods used here would then be 9 or 9.5 TTIs.  Furthermore, since the delay is only on the first transmission, the average additional delay decreases linearly with the number of consecutive transmissions to a UE.  Therefore, the delay imposed by the method would seem to be a concern only for bursty traffic with delay requirements on the order of 1 ms. 
4. conclusions
Precoding feedback is wasted if it is not used for user data transmission.  Since precoding overhead can be significant, we therefore consider methods to minimize “wasted” precoding feedback that do not cost any extra overhead on DL-SCCH.  The methods activate transmission of a UE’s precoding feedback based on when it is scheduled.  A UE turns on its precoding feedback when it is notified on DL-SCCH, node B waits until the precoding feedback is available, and then uses the precoding feedback when it transmits the user data.  This process delays the first transmission to a UE by one or two slots.  While delaying by one slot is more desirable from a latency point of view, it has slightly more complicated frame timing than the approach with a full TTI delay.  However, given that the total delay budget may not be significantly impacted (e.g. given scheduling delays), the approach with 1 TTI delay is also attractive due to its somewhat simpler frame timing.  
These methods have a further benefit of minimizing the number of RBs that the UE needs to provide precoding information for.  When the downlink data transmission is delayed enough for the UE to provide precoding feedback, it can feed back only for the RBs it is scheduled on. 
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� Note that precoding and CQI are shown to be transmitted at the same rate to simplify the diagram.  CQI may be transmitted less frequently than precoding to reduce overhead.
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