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1. Introduction
In the latest RAN1 meetings there has been some progress on the channel feedback reporting framework. For example, it has been agreed that the periodic CQI reporting is transmitted on the PUCCH or on the PUSCH depending on the availability of an uplink grant and that the CQI format may differ depending on if it is transmitted on the PUCCH or PUSCH. In RAN1#50 ‎[1] it was agreed to have TDM between CQI and transport block data on PUSCH. It was further agreed that the eNB shall not perform blind decoding of the CQI report. This means that the CQI reporting instances, format and transmission format needs to be known to the eNB. In RAN1#50bis it was further agreed that both periodic and a-periodic reporting will be supported. A-periodic CQI reports are sent on the PUSCH upon request from the eNB ‎[2]. It was also agreed that the CQI index is defined in terms of transport block size (TBS) and modulation order (QPSK, 16QAM, 64 QAM) per n number of PRBs. The final encoding method and compression method of the CQI report is still not agreed; however several proposals have been presented. The likely outcome is that a few different CQI report formats will be agreed ‎[3].  

With this contribution we wish to discuss and decide on the principles for how the UE should be instructed how to select the channel feed back format and also how the transmission format is selected.
2. Discussion

2.1. Channel feedback formats
In addition to a recommended TBS and modulation order (CQI) the Channel Feedback Report (CFR) may consist of a Pre-coding Matrix Indicator (PMI) and a Rank Indicator (RI). In the sequel a CFR format denotes a given combination of CQI, PMI and RI feedback that produces a report consisting of a certain number of bits (denoted kCFR). The CFR will be transmitted with a CFR transmission format that denotes the modulation and coding scheme (MCS) used to transmit the channel feedback report.  
In Table 1 we give an example of a table of different CFR formats ranging from a null format and a simple wide-band average format. Note that the numbers in the table are just example values.

Table 1: Example of a table of channel feedback report formats.
	Index
	#CQI bits
	#PMI bits
	 #RI bits
	Comment

	0
	0
	0
	0
	No report

	1
	5
	0
	0
	WB average

	2
	65
	0
	0
	All sub-band report, granularity 5 PRB

	3
	155
	0
	0
	All sub-band report, granularity 2 PRB

	4
	8
	3
	1
	Wide-band MIMO

	…
	…
	…
	…
	…


2.2.  Periodic report
Periodic channel feedback reports may be transmitted on the PUCCH or on the PUSCH. The periodic channel feedback report format on the PUCCH must be limited since the number of bit on the PUCCH is limited to the order of 10 bits. Further the resources reserved for channel feedback reports on the PUCCH will be wasted if there is an UL PUSCH transmission, see Figure 1. On the PUSCH the periodic CFR report format does not have to be as restricted and hence the CFR report format may be more detailed when the PUSCH is used. It should even be possible to define the periodic PUCCH CFR report format to zero bits and only transmit periodic CFR reports in case the UE is scheduled on the PUSCH. We propose that the periodic PUCCH CFR report format shall be semi-statically configured (e.g. by RRC signaling) with a few bits (e.g. 1-2 bits) indicating that one out of a small set of predefined CFR report formats (e.g. 2-4 PUCCH CFR formats) shall be used. 

Proposition 1: The periodic PUCCH CFR report format shall be semi-statically configured through higher layer signaling.

The resources for PUSCH transmission are scheduled dynamically (or semi-statically in case on semi-persistent allocations). If the CFR format on the PUSCH would be independent of the resources granted in the UL, the CFR report format would be limited to the smallest possible resources assignment. This means that the frequency granularity and MIMO support that can be provided will be very limited, i.e. the CFR report format for the PUSCH should depend on the UL resource assignment. Also, when the channel quality is poor the overhead for even a small CFR report format may be too expensive. For the smallest transport formats that are used for the most power limited UEs we can then use a CFR report format containing zero bits.
Proposition 2: The periodic PUSCH CFR report format shall be implicitly defined by the UL grant.
The PUSCH supports link adaptation (LA) for the transmission of scheduled data. We propose that also the transmission format of CFR reports shall be linked to the transport format selected for data. The MCS used for CFR report must however be different from the MCS used for the data, since no HARQ is used for the CFR. In order to avoid additional downlink signaling of the CFR transmission format we propose that it shall be implicitly given by the transport format used for the data. 

Proposition 3: Each transport format is associated with a CFR transmission format (i.e. modulation and code-rate of the CFR bits) in a pre-defined way.
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Figure 1: Illustration of periodic CFR reporting with different formats on PUCCH and PUSCH.
A more detailed feedback report usually becomes outdated faster than a less detailed report such as a wideband average. Also, if we want to receive detailed CFR with a short periodicity when a user is scheduled on the PUSCH, then we will not benefit from receiving a wide-band average report on the PUCCH with the same periodicity. Thus, the different CFR formats may have different requirements on the feedback interval. We thus need to be able to define several periodic reports with possibly different content, see Figure 2.
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Figure 2: Illustration of CFR reporting with two reporting periods defined. The 1st periodic report has priority over the 2nd periodic report. The CFR format on the PUCCH for the 2nd periodic report is the null format.

Assume that we want a detailed CQI report approximately every nth sub-frame when we are scheduled on the PUSCH. If the UL traffic bursts are long compared to n then we achieve that by setting the CFR reporting period to n, as indicated in Figure 2. If the length of the UL traffic burst is small (e.g. typical for TCP acknowledgements sent in the UL when we have TCP traffic in the DL) then we can set the CFR period to one sub-frame as indicated in Figure 3.
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Figure 3: Illustration of CFR reporting with two reporting periods with short UL traffic bursts (e.g. TCP ACK/NACK).
2.3.  A-periodic CFR reports

A-periodic CFR reports can only be transmitted on the PUSCH upon a request from the eNodeB. It shall be possible to define a transport format containing no data bits so that the full granted resource may be used for CFR transmission. It has been proposed to add one additional bit in the uplink grant to trigger a-periodic CFR reports ‎[4]. There are some major drawbacks with this approach:

· It costs several kbps of additional overhead (1 bit per ms per grant).
· It cannot be turned off. Once the bit is there we have to send it even if we only want to use a-periodic CFR.
· It does not contain information about the transmission format for the CFR. For CFR only transmission we anyway need to define special transport formats.

To avoid these drawbacks we propose to reserve a few transport formats for the purpose of supporting a-periodic CFR reports and to use the normal TFI signaling for triggering of a-periodic CFR reports. If the UE receives a grant associated with a CFR for which the CFR type is a-periodic then the UE always transmits the corresponding CFR report. The advantages with this solution are that:

· It costs considerably less than 1 bit overhead for every UL grant.
· It can be turned off completely. If we do not define any transport formats in the TFS that are used for triggering a-periodic CFR then the cost of not having a-periodic CFR reporting is zero.
· It also solves the problem of selecting modulation and code-rate in case we only transmit the CFR.
Proposition 4: A-periodic CFR reports shall be triggered implicitly by associating certain transport formats with the transmission of a-periodic CFR reports.
Table 2: Example of a transport format table containing an indication for a-periodic CFR triggering. The numbers are example values only.

	Index
TFI
	Size per n PRBs [bits]
Data/A-periodic CFR
	Modulation
M
	Type
0: Periodic CFR
1: A-periodic CFR

	0
	40/0
	4
	0

	1
	44/0
	4
	0

	2
	49/0
	4
	0

	...
	...
	...
	...

	12
	134/0
	16
	0

	5
	148/0
	16
	0

	6
	163/0
	16
	0

	...
	...
	...
	...

	23
	403/0
	64
	0

	24
	446/0
	64
	0

	25
	493/0
	64
	0

	...
	...
	...
	...

	29
	0/20
	4
	1

	30
	0/30
	4
	1

	31
	0/40
	4
	1


3. Conclusions

Based on the discussion the following proposals are made for transmission of channel feedback reports (CFRs) in LTE:
Proposition 1: The periodic PUCCH CFR report format shall be semi-statically configured through higher layer signaling.

Proposition 2: The periodic PUSCH CFR report format shall be implicitly defined by the UL grant.
Proposition 3: Each transport format is associated with a CFR transmission format in a pre-defined way.
Proposition 4: A-periodic CFR reports shall be triggered implicitly by associating certain transport formats with the transmission of a-periodic CFR reports.
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