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1. Introduction

This document describes the additional control signaling information that needs to be included in the downlink and uplink control signaling specification.
2. Downlink Control Signaling 
One way of implementing pre-coding for MIMO systems is by transmitting indices to a pre-computed codebook in the uplink.  These indices are then used to select the beam-forming vectors to be used in the downlink. With proper coding of the uplink feedback channel, the probability of the uplink feedback being corrupted is small.  In the rare event of corruption, the ideal beam-forming vectors can be recovered either by blind detection methods, where the UE performs a codebook search, or by the convergence of tracking codebooks [1], especially for low-mobility channels.  In addition, for highly mobile systems, the use of dedicated mid-amble sequences can also be used to validate beam-forming vectors.   We therefore propose downlink out-band signaling to validate uplink control feedback as a possibility to avoid the use of mid-amble sequences in the case of high mobility.  We assume that the uplink control channel has a block code or CRC check with error detection capabilities.
2.1. Text Proposal for 25.814
--- Start of Text Proposal ---

7.1.1.2.3 Downlink Control Signaling

The downlink outband control signaling consists of
· scheduling information for downlink data transmission,

· scheduling grant for uplink transmission, and

· ACK/NAK and validation in response to uplink transmission.

Transmission of control signaling from these groups is mutually independent, e.g., ACK/NAK can be transmitted to a UE regardless of whether the same UE is receiving scheduling information or not. 
7.1.1.2.4 Downlink Scheduling Information

[…]
7.1.1.2.5 Uplink Scheduling Grant

[…]
7.1.1.2.6 ACK/NAK and Validation
The hybrid ARQ feedback in response to uplink data transmission consists of a single ACK/NAK bit.

Table 3: ACK/NAK
	Field
	Size
	Comment

	ACK/NAK
	FFS
	Up to one bit per uplink transport block. Multiple bits may be required to support uplink multi-stream transmission (if hybrid ARQ operates per stream) and in case of TDD.

	Validation
	FFS
	These bits are used for validating uplink control feedback


We may wish to validate uplink control feedback that needs to happen frequently.  Other less frequent validation may occur in-band, if necessary.

--- End of Text Proposal ---

3. Uplink Control Signaling

3.1. Text Proposal for 25.814

--- Start of Text Proposal ---

9.1.1.2.4 Uplink L1/L2 Control Signaling

Depending on presence or absence of uplink timing synchronization, the uplink L1/L2 control signaling can differ.

In the case of time synchronization being present, the outband control signaling consists of

· Data-associated control signaling

· CQI

· ACK/NAK

· Synchronous random access (scheduling request, resource request)

Transmission of CQI and ACK/NAK may occur in parallel to data-associated control signaling or synchronized random access. Synchronized random access may not be transmitted simultaneously with data-associated control signaling.
In the case of time synchronization not being present, the outband control signaling consists of
· Non-synchronized random access

9.1.1.2.4.1 Data-associated control signaling

[…]
9.1.1.2.4.2 CQI

The CQI informs the scheduler about the current channel conditions as seen by the UE. If MIMO transmission is used, the CQI includes necessary MIMO-related feedback.  As the amount and frequency of feedback may vary with changing channel conditions, variable length feedback may be required to specify the field lengths.  
Table 2: Channel Quality Indicator

	Field
	Size
	Comment

	CQI
	FFS
	

	CQI length
	FFS
	


In addition, we may be able to reduce the amount of CQI feedback required with the use of event-driven reporting, as described in Section 3.3.
9.1.1.2.4.3 ACK/NAK

[…]
9.1.1.2.4.4 Synchronized random access (resource request)

[…]
9.1.1.2.4.5 Non-synchronized random access

[…]
--- End of Text Proposal ---

3.2. CQI Feedback for MIMO
For MIMO, the amount of feedback may vary with the number of streams and antenna configurations.  Furthermore, the frequency of feedback may depend on the mobile speed.  For example, in Reference #1, the feedback may vary from 2 bits to 15 bits, with possible frequencies of every TTI to every 30 TTI.  Because the amount of feedback may vary with changing channel conditions, variable length feedback may be required with field lengths specified.  This will be FFS.   

In addition, we may be able to reduce the amount of CQI feedback required with the use of event-driven reporting, as described in the following section.

3.3. Event driven CQI reporting
The event driven CQI reporting is triggered by UE by monitoring the CQI values. If it doesn’t change with time then event driven CQI reporting mode is triggered. The duration of time the CQI value doesn’t change with time can be a configurable value, e.g., the timer could be N*CQI report interval during non-event driven mode; where N is an integer. There are two triggers for exiting the event driven CQI reporting mode: 
(1)
When the channel conditions changes and the corresponding CQI value is different from the last reported value, the UE triggers to exit event driven CQI reporting mode. There are two ways that the UE can exit even driven CQI reporting mode: (a) One is by sending an in-band signaling message to eNB, and (b) Another is by sending CQI reports on a contention based method. For the latter, let’s consider an example where there are K UEs in the area, and currently L UEs are not in event driven CQI reporting mode. In this case, eNB needs to schedule the L UEs for CQI reporting. In addition, the eNB also needs to schedule M (M<K-L ) resources in order for the K-L UEs to potentially contend for CQI reporting when they come out of event driven CQI reporting mode.   The contention can be code-domain based.  These contention based reports also need to include the UE identifier in addition to the CQI report. Note that the value of M compared to K-L can be based on the channel correlation between the K-L users. Once the eNB get the in-band signaling message or the contention based CQI report from the UE, the eNB will schedule resources for the UE to send CQI reports in a non-event driven CQI reporting mode. It is also possible that the eNB can predict the channel condition changes and trigger to exit event driven CQI reporting mode and start scheduling resources for the UE to send CQI reports. There are number of ways that the eNB could predict the channel condition changes at the UE. In-band signaling or the contention based signaling or CQI reporting can be avoided by the eNB autonomously perform prediction and assign the necessary resources for the UE to start sending the CQI report in non even-driven fashion.
(2) Upon entering the event driven CQI reporting mode, the UE shall start a timer. The timer shall be reset whenever the CQI transmission resumes. If the timer expires, the eNB shall schedule resources for this UE and the UE shall resume its CQI transmission. Alternatively, it is also possible to send the timer based CQI report using in-band signaling. Once the CQI is sent, the UE shall go back to event driven CQI reporting mode as per the mode entry rule. The value of the timer is configurable by eNB. If the timer is configured to 0, the event driven CQI reporting mode is disabled.
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