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Introduction
The DL CQI and MIMO feedback reports are signalled to the eNodeB using two UL channels, PUCCH and PUSCH. The two channels are fundamentally quite different: on PUCCH only about 10 bits can be sent in a single subframe while on PUSCH the requirements are much less stringent – reports of 100 bits or even more can be supported.

Furthermore, it has been agreed that the CQI reporting can be periodic or aperiodic. Periodic CQI reports are transmitted on PUCCH when the user is not scheduled in the UL and on PUSCH when the user is scheduled in the UL i.e. transmits data. The periodicity and the format of the periodic reports are configured by the network via RRC signalling. Aperiodic, or scheduled, CQI reports are always transmitted on PUSCH. The transmission of an aperiodic report is triggered by an indicator in the UL allocation grant. Whenever the need to transmit periodic and aperiodic reports simultaneously collides, the aperiodic report is prioritized and it overrides the periodic one.
Due to the nature of PUCCH, minimizing the number of transmitted feedback bits is crucial. It was agreed in RAN1#51 meeting that:
· One PUCCH subframe should be self decodable and useful to NodeB

· A CQI report in a certain subframe does hence not exploit time or frequency correlations with respect to previous CQI reports

In essence this means that each CQI report sent in a single PUCCH subframe should contain all the information required for the eNodeB to utilize it without a need to correctly decode other CQI reports (excluding rank information).  Hence, e.g. sending the CQI in one subframe and the corresponding PMI in the next one is not allowed – if the eNode be misses one the two subframes the other one would be useless as well.
One way of reducing the number of feedback bits on PUCCH is to report rank less often. It is well known, that the required reporting rate for rank information is much lower than for other MIMO feedback such as CQI or PMI, see e.g. [1,2]. Hence it has been proposed that rank is reported less often and separately coded from the rest of the feedback information. However, a simple complete signalling scheme has not been presented.

1. Rank reporting on PUCCH 
In this contribution we present a simple signalling scheme which allows for signaling of rank information (1 or 2 bits) utilizing the agreed structure for ACK/NACK or simultaneous CQI and ACK/NACK signaling on PUCCH. The main principles are listed below:

1. Different periodicity for periodic CQI reports and Rank reporting is configured by the eNodeB. The reporting interval of rank can be e.g. a multiple of the CQI reporting interval. Example: if the CQI reporting interval is 2 ms, the rank can be reported e.g. every 10 ms or 20 ms.

2.  The 1-bit or 2-bit rank is reported on PUCCH using exactly the same format as what is used for 1-bit or 2-bit ACK/NACK signaling, respectively. 

· For the cell edge users it is beneficial to utilize the ACK/NACK only structure (PUCCH format 0 or 1 in TS 36.211) by scheduling CQI and rank in different subframes to ensure sufficient coverage for Rank feedback

· For other users it is possible to piggy-back rank and CQI in order to save signaling and optimize UL overhead and power consumption. This corresponds to CQI and ACK/NACK multiplexing structure.

It has been agreed that with normal CP structure, when transmitted together (multiplexed) with CQI, the ACK/NACK is signaled by modulating the  reference symbols. With extended CP structure the ACK/NACK bit(s) and the CQI are jointly coded with potentially unequal error protection (repetition of ACK/NACK bits).

3. The two points above state implicitly that ACK/NACK and rank cannot be transmitted simultaneously on PUCCH. The eNodeB can cope with this minor restriction in two ways:

· When the eNodeB notices that the rank and ACK/NACK reporting on PUCCH would collide, it can schedule an aperiodic CQI transmission in the corresponding subframe, i.e. force both the rank and ACK/NACK to use PUSCH instead of PUCCH. On PUSCH transmitting both ACK/NACK and rank simultaneously is not an issue.

· Alternatively, the eNodeB can simply not schedule DL data to the UE in the DL subframe corresponding to the UL subframe where the rank and ACK/NACK would coincide.

The implementation of the proposed scheme is straightforward when included in to the specifications. The signalling format of the rank on PUCCH just corresponds to the signalling format of ACK/NACK in a predetermined manner. An example of such mapping is presented in Table 1.  The exact implementation of the item 3 above is up to eNodeB scheduler and not to be standardized.

Table 1. An exemplary linkage between 1-bit and 2-bit ACKNACK and Rank

	1-bit ACK/NACK
	Rank
	
	2-bit ACK/NACK
	Rank

	0
	1
	
	00
	1

	1
	2
	
	01
	2

	
	
	
	10
	3

	
	
	
	11
	4


2. Conclusions
In this contribution we have discussed rank reporting on PUCCH and propose a method for rank reporting utilizing the existing ACK/NACK structure. The proposed scheme has several benefits:

· Improved coverage for the cell edge UEs receiving rank information

· Optimized uplink overhead on PUCCH, no need for e.g. subframe concatenation.

· Clean structure from the specification and implementation point of view, e.g. no need for different channel coding format with/without rank signalling

· The strict error requirements for rank signalling can be met utilizing the ACK/NACK structure. Improved error protection for rank when compared to other CQI information is desirable as the rank has a crucial role in feedback.

· No need for blind decoding at the eNodeB, since the presence of rank is known before the rest of the report is decoded

For the reasons listed in this contribution we propose to adopt the rank signalling principle presented in this contribution into the LTE specifications.
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