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1. Introduction

The CQI reporting for single TX antenna and Tx Diversity was agreed at the Jeju meeting [1]. CQI table structure was concluded via e-mail discussion. However there are still remaining issues for its extension to MIMO feedback reporting. Among them there is one discussion point which has big impact to UE Procedures for CQI reporting, namely whether CQI/PMI/rank can be sent over different subframe. Followings are identified alternatives during the Jeju meeting:

Alt 1: CQI, PMI and rank can be sent over different subframe

Alt 2: CQI/PMI sent simultaneously while rank may be sent different subframe

Alt 3: CQI/PMI/rank should be sent simultaneously.
In our previous contribution [2], we have studied rank reporting interval and concluded that Alt 2 is preferable. In this contribution we further discuss rank feedback in downlink MIMO, which indicates the necessity for reliable rank suggestion with longer interval. We propose a longer reporting interval (e.g. 20ms) for MIMO rank reporting than for MIMO CQI/PMI reporting.
2. UE feedbacks for SU-MIMO
2.1. Impact for CQI format
In order to support SU-MIMO, some additional feedbacks are necessary to compare with single antenna transmission or open-loop transmit diversity case, namely 

a) rank suggestion, 

b) precoding matrix indicator (PMI), 

c) CQI to support up to 2 codewords and 

d) Ack/Nack to support up to 2 codewords [3].
Among them required bits for b) and c) depend on the corresponding contents of a) rank suggestion. For example, considering 4×2 (2×2) configuration there are two cases for rank selection. 

· Rank 1

· CQI: same amount of bits as single stream transmission

· PMI: 4 (3) bits per 

· each subband or

· all active subbands or subset of subbands [4]
· Rank 2

· CQI: 3-bit wideband spatial delta CQI and 2-bit spatial subband CQI are necessary in addition to that for single stream transmission

· PMI: 4 (2) bits per

· each subband or

· all active subbands or subset of subbands
Assuming frequency selective report on PUSCH for 10MHz case (9 subbands), required number of bits for each rank is:

Rank 1: 4 bit for wideband CQI, 2 * 9 = 18 bit for subband CQI and 4 * 9 = 36 bit for PMI, 58 bits in total.

Rank 2: 4 bit for wideband CQI for CW1 and 3 bit for wideband spatial delta CQI, 2 * 9 * 2 = 36 bit for subband CQI and 4 * 9 = 36 bit for PMI, 79 bits in total.

Clearly there is much difference (21 bits) between above 2 cases. In order to minimize impact of this difference to the complexity of eNodeB reception, it is agreed that blind detection of CQI format should be avoided [5]. Again, whether rank interval is long or short has big impact to the design on CQI discussion on MIMO and PDCCH design as indicated.
2.2. Example behavior for MIMO related reporting

Then UE is necessary to be informed CQI format corresponding to rank. Considering this aspects, rank suggestion should be separated from PMI and CQI while latter two can be sent simultaneously as proposed in [3], and rank suggestion by UE is needed in advance to resource allocation by eNodeB for CQI/PMI reporting. Figure 1 shows an example behavior.

0) Uplink resource to suggest rank is allocated

1) UE suggests rank for following reporting.

2) eNodeB configures CQI/PMI format and resource(s).

3) UE transmits CQI/PMI using configured format and resource(s)

4) eNodeB carries out scheduling and link adapation for DL-SCH.
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Figure 1 Example for reporting procedure
Considering above kind of procedure, reliable transmission scheme for the rank suggestion is necessary in order for efficient resource allocation for uplink feedback and following downlink DL-SCH transmission. This is verified with system and link level evaluations as described in appendix part and the previous contribution [2], namely the results with reporting interval within 20 ms have no significant performance loss compared to that of 5ms, while the results with 1% error rate of rank reporting has more performance loss. For the reliable transmission using L1 signalling, that is possible for example, 1) Re-use Ack/Nack structure on PUCCH, or 2) transmission over PUSCH with CRC protection. For the 1st option, the number of possible multiplex scenario is increased between Ack/Nack, CQI/PMI, rank and SRS, however rank can be dropped since it has more robustness for delay than the others. With separate coding between rank and PMI/CQI we can also use different reporting interval for those two, considering that longer reporting interval for rank than PMI/CQI brings better performance.

Another possibility for the reliable transmission is using higher layer signalling. As similar to buffer status report [6], to use MAC control element is one candidate to transmit rank report. This has a benefit that the information is protected by HARQ. .

As a conclusion of this section, following points should be noted here:

· Rank suggestion should be separated from PMI and CQI while latter two can be sent simultaneously,

· Rank suggestion by UE is needed in advance to resource allocation by eNodeB for CQI/PMI reporting in order to avoid blind detection of CQI format, and 

· Reliable transmission scheme for rank suggestion is necessary for example:

· Use L1 signaling: Re-use Ack/Nack structure on PUCCH or transmission over PUSCH with CRC protection

· Use higher layer signalling: MAC protected by HARQ

3. Conclusion
In this document, we discussed uplink rank suggestion for downlink MIMO, which has big impact to UE Procedures for CQI reporting.
As shown in section 2.1, required bits for CQI reporting depends on the contents of rank suggestion. Then separate transmission between rank and CQI/PMI is reasonable choice for avoiding blind detection of CQI format.
In addition, as shown in section 2.2, reliable transmission scheme for the rank suggestion is feasible with either using L1 signalling or MAC signalling.
Therefore we propose a longer reporting interval (e.g. 20ms) for MIMO rank reporting than for MIMO CQI/PMI reporting, with a reliable rank suggestion transmission method like well below 1% BLER. 
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Appendix

<Simulation parameters for system level evaluation>

Table A-1 Macro-cell system simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Frequency Reuse
	1

	Carrier Frequency / Bandwidth
	2 GHz

	Antenna configuration
	4x2, 2x2

	Channel model
	Uncorrelated channel:

Typical Urban

Correlated channel:

SCM-C 

	UE speed
	3, 15 km/h

	Total BS TX power (Ptotal)
	46dBm (1Antenna) – 10MHz carrier 

	Macro-diversity
	Users dropped uniformly in a cell of 3R radius 

	HARQ
	Chase combining, Non-adaptive, Asynchronous

	Delay between retransmissions
	6 TTI (6ms)

	Maximum retransmissions
	5

	Target PER
	10%


Table A-2 OFDMA system simulation parameters
	Parameter
	Assumption

	TTI duration
	1.0ms

	Transmission BW
	10MHz

	Usable sub-carriers
	600

	CP Length 
	Short

	Number of OFDM symbols per sub-frame
	10 (data) + 4 (control+RS) 


Table A-3 Scheduling parameters

	Parameter
	Assumption

	Group size (Scheduling granularity)
	900 kHz bandwidth (5RBs)

60 sub-carriers x 14 symbols

	Useful symbol rate
	71.5%

	CQI feedback method
	Full feedback, Best-3 average feedback

(non-quantizated)

	CQI feedback delay 
	5 TTI (5ms)

	Scheduler
	Proportional Fair
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Figure A-1 PER curves used for MCS selection and throughput calculation
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Figure A-2 CDF of Geometry

<System level results for 4×2>

Table A-4 Results for 4×2 TU i.i.d. (v=3km/h, PMI error = 1%)
	4x2 TU i.i.d.
	PMI error
	1%

	
	Rank error
	error-free
	1%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100

	3 km/h
	Full feedback
	Sector throughput [bps/Hz]
	2.444
	2.438
	2.420
	2.430
	2.427
	2.407

	
	
	5% user throughput [bps/Hz]
	0.080
	0.080
	0.080
	0.079
	0.079
	0.079

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	2.091 
	2.088 
	2.082 
	2.082 
	2.080 
	2.074

	
	
	5% user throughput [bps/Hz]
	0.068 
	0.068 
	0.068
	0.068 
	0.068 
	0.068 


Table A-5 Results for 4×2 TU i.i.d. (v=15km/h, PMI error = 1%)
	4x2 TU i.i.d.
	PMI error
	1%

	
	Rank error
	erro-free
	1%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100

	15 km/h
	Full feedback
	Sector throughput [bps/Hz]
	1.653 
	1.653 
	1.664 
	1.648 
	1.649 
	1.660 

	
	
	5% user throughput [bps/Hz]
	0.055 
	0.055 
	0.056 
	0.055 
	0.055 
	0.055 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.609 
	1.610 
	1.623 
	1.605 
	1.606 
	1.619 

	
	
	5% user throughput [bps/Hz]
	0.053 
	0.053 
	0.054 
	0.053 
	0.053 
	0.053 


Table A-6 Results for 4×2 TU i.i.d. (v=3km/h, PMI error = 10%)
	4x2 TU i.i.d.
	PMI error
	10%

	
	Rank error
	error-free
	1%
	10%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100
	5
	20
	100

	3 Km/h
	Full feedback
	Sector throughput [bps/Hz]
	2.260 
	2.256 
	2.239 
	2.249 
	2.245 
	2.228 
	2.152 
	2.157 
	2.133 

	
	
	5% user throughput [bps/Hz]
	0.074 
	0.074 
	0.074 
	0.074 
	0.074 
	0.074 
	0.071 
	0.071 
	0.071 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.972 
	1.970 
	1.963 
	1.964 
	1.963 
	1.955 
	1.893 
	1.900 
	1.890 

	
	
	5% user throughput [bps/Hz]
	0.064 
	0.064 
	0.064 
	0.064 
	0.064 
	0.064 
	0.062 
	0.062 
	0.062 


Table A-7 Results for 4×2 TU i.i.d. (v=15km/h, PMI error = 10%)
	4x2 TU i.i.d.
	PMI error
	10%

	
	Rank error
	error-free
	1%
	10%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100
	5
	20
	100

	15 Km/h
	Full feedback
	Sector throughput [bps/Hz]
	1.586 
	1.586 
	1.597 
	1.581 
	1.582 
	1.592 
	1.543 
	1.546 
	1.555 

	
	
	5% user throughput [bps/Hz]
	0.053 
	0.053 
	0.053 
	0.052 
	0.052 
	0.053 
	0.051 
	0.051 
	0.052 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.545 
	1.546 
	1.558 
	1.541 
	1.542 
	1.554 
	1.504 
	1.508 
	1.519 

	
	
	5% user throughput [bps/Hz]
	0.051 
	0.051 
	0.051 
	0.050 
	0.051 
	0.051 
	0.049 
	0.050 
	0.050 


Table A-8 Results for 4×2 SCM-C (v=3km/h, PMI error = 1%)
	4x2 SCM-C
	PMI error
	1%

	
	Rank error
	erro-free
	1%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100

	3 km/h
	Full feedback
	Sector throughput [bps/Hz]
	2.408 
	2.406 
	2.394 
	2.394 
	2.394 
	2.381 

	
	
	5% user throughput [bps/Hz]
	0.077 
	0.077 
	0.077 
	0.077 
	0.077 
	0.077 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	2.025 
	2.025 
	2.020 
	2.016 
	2.017 
	2.012 

	
	
	5% user throughput [bps/Hz]
	0.065 
	0.065 
	0.065 
	0.065 
	0.065 
	0.065 


Table A-9 Results for 4×2 SCM-C (v=15km/h, PMI error = 1%)
	4x2 SCM-C
	PMI error
	1%

	
	Rank error
	erro-free
	1%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100

	15 km/h
	Full feedback
	Sector throughput [bps/Hz]
	1.793 
	1.791 
	1.794 
	1.787 
	1.785 
	1.788 

	
	
	5% user throughput [bps/Hz]
	0.058 
	0.058 
	0.059 
	0.058 
	0.058 
	0.058 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.713 
	1.712 
	1.716 
	1.708 
	1.707 
	1.711 

	
	
	5% user throughput [bps/Hz]
	0.055 
	0.055 
	0.056 
	0.055 
	0.055 
	0.055 


Table A-10 Results for 4×2 SCM-C (v=3km/h, PMI error = 10%)
	4x2 SCM-C
	PMI error
	10%

	
	Rank error
	error-free
	1%
	10%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100
	5
	20
	100

	3 Km/h
	Full feedback
	Sector throughput [bps/Hz]
	2.222 
	2.221 
	2.210 
	2.210 
	2.211 
	2.198 
	2.110 
	2.120 
	2.101 

	
	
	5% user throughput [bps/Hz]
	0.071 
	0.071 
	0.071 
	0.071 
	0.071 
	0.071 
	0.068 
	0.068 
	0.068 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.908 
	1.909 
	1.903 
	1.900 
	1.902 
	1.896 
	1.830 
	1.839 
	1.831 

	
	
	5% user throughput [bps/Hz]
	0.061 
	0.061 
	0.061 
	0.061 
	0.061 
	0.061 
	0.059 
	0.059 
	0.059 


Table A-11 Results for 4×2 SCM-C (v=15km/h, PMI error = 10%)
	4x2 SCM-C
	PMI error
	10%

	
	Rank error
	error-free
	1%
	10%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100
	5
	20
	100

	15 Km/h
	Full feedback
	Sector throughput [bps/Hz]
	1.709 
	1.706 
	1.709 
	1.703 
	1.701 
	1.703 
	1.652 
	1.655 
	1.656 

	
	
	5% user throughput [bps/Hz]
	0.055 
	0.055 
	0.056 
	0.055 
	0.055 
	0.056 
	0.054 
	0.054 
	0.054 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.636 
	1.635 
	1.638 
	1.631 
	1.630 
	1.633 
	1.585 
	1.589 
	1.591 

	
	
	5% user throughput [bps/Hz]
	0.053 
	0.053 
	0.053 
	0.053 
	0.053 
	0.053 
	0.051 
	0.051 
	0.052 


<System level results for 2×2>

Table A-12 Results for 2×2 TU i.i.d. (v=3km/h, PMI error = 1%)
	2x2 TU i.i.d.
	PMI error
	1%

	
	Rank error
	erro-free
	1%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100

	3 km/h
	Full feedback
	Sector throughput [bps/Hz]
	2.100 
	2.093 
	2.066 
	2.093 
	2.089 
	2.062 

	
	
	5% user throughput [bps/Hz]
	0.073 
	0.073 
	0.073 
	0.073 
	0.073 
	0.073 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.817 
	1.814 
	1.801 
	1.813 
	1.811 
	1.798 

	
	
	5% user throughput [bps/Hz]
	0.063 
	0.063 
	0.064 
	0.063 
	0.063 
	0.063 


Table A-13 Results for 2×2 TU i.i.d. (v=15km/h, PMI error = 1%)
	2x2 TU i.i.d.
	PMI error
	1%

	
	Rank error
	erro-free
	1%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100

	15 km/h
	Full feedback
	Sector throughput [bps/Hz]
	1.464 
	1.457 
	1.463 
	1.462 
	1.456 
	1.462 

	
	
	5% user throughput [bps/Hz]
	0.051 
	0.051 
	0.052 
	0.051 
	0.051 
	0.051 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.429 
	1.423 
	1.429 
	1.427 
	1.421 
	1.428 

	
	
	5% user throughput [bps/Hz]
	0.049 
	0.049 
	0.049 
	0.049 
	0.049 
	0.050 


Table A-14 Results for 2×2 TU i.i.d. (v=3km/h, PMI error = 10%)
	2x2 TU i.i.d.
	PMI error
	10%

	
	Rank error
	error-free
	1%
	10%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100
	5
	20
	100

	3 Km/h
	Full feedback
	Sector throughput [bps/Hz]
	2.000 
	1.992 
	1.963 
	1.993 
	1.988 
	1.959 
	1.927 
	1.939 
	1.919 

	
	
	5% user throughput [bps/Hz]
	0.069 
	0.069 
	0.069 
	0.069 
	0.069 
	0.069 
	0.067 
	0.067 
	0.068 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.758 
	1.755 
	1.739 
	1.754 
	1.751 
	1.736 
	1.707 
	1.718 
	1.709 

	
	
	5% user throughput [bps/Hz]
	0.061 
	0.061 
	0.061 
	0.061 
	0.061 
	0.061 
	0.059 
	0.060 
	0.060 


Table A-15 Results for 2×2 TU i.i.d. (v=15km/h, PMI error = 10%)
	2x2 TU i.i.d.
	PMI error
	10%

	
	Rank error
	error-free
	1%
	10%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100
	5
	20
	100

	15 Km/h
	Full feedback
	Sector throughput [bps/Hz]
	1.435 
	1.426 
	1.430 
	1.432 
	1.424 
	1.429 
	1.403 
	1.406 
	1.413 

	
	
	5% user throughput [bps/Hz]
	0.050 
	0.050 
	0.050 
	0.050 
	0.050 
	0.050 
	0.049 
	0.049 
	0.050 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.402 
	1.394 
	1.399 
	1.399 
	1.392 
	1.397 
	1.371 
	1.375 
	1.382 

	
	
	5% user throughput [bps/Hz]
	0.048 
	0.048 
	0.048 
	0.048 
	0.048 
	0.048 
	0.047 
	0.047 
	0.048 


Table A-16 Results for 2×2 SCM-C (v=3km/h, PMI error = 1%)
	2x2 SCM-C
	PMI error
	1%

	
	Rank error
	erro-free
	1%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100

	3 km/h
	Full feedback
	Sector throughput [bps/Hz]
	2.076 
	2.074 
	2.055 
	2.070 
	2.070 
	2.052 

	
	
	5% user throughput [bps/Hz]
	0.069 
	0.070 
	0.069 
	0.069 
	0.069 
	0.069 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.767 
	1.767 
	1.758 
	1.763 
	1.765 
	1.756 

	
	
	5% user throughput [bps/Hz]
	0.059 
	0.059 
	0.059 
	0.059 
	0.059 
	0.059 


Table A-17 Results for 2×2 SCM-C (v=15km/h, PMI error = 1%)
	2x2 SCM-C
	PMI error
	1%

	
	Rank error
	erro-free
	1%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100

	15 km/h
	Full feedback
	Sector throughput [bps/Hz]
	1.579 
	1.572 
	1.570 
	1.576 
	1.570 
	1.569 

	
	
	5% user throughput [bps/Hz]
	0.054 
	0.054 
	0.054 
	0.054 
	0.054 
	0.054 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.516 
	1.510 
	1.509 
	1.513 
	1.508 
	1.508 

	
	
	5% user throughput [bps/Hz]
	0.051 
	0.051 
	0.051 
	0.051 
	0.051 
	0.051 


Table A-18 Results for 2×2 SCM-C (v=3km/h, PMI error = 10%)
	2x2 SCM-C
	PMI error
	10%

	
	Rank error
	error-free
	1%
	10%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100
	5
	20
	100

	3 Km/h
	Full feedback
	Sector throughput [bps/Hz]
	1.969 
	1.967 
	1.947 
	1.963 
	1.962 
	1.944 
	1.897 
	1.915 
	1.904 

	
	
	5% user throughput [bps/Hz]
	0.066 
	0.066 
	0.066 
	0.066 
	0.066 
	0.065 
	0.063 
	0.064 
	0.064 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.708 
	1.707 
	1.697 
	1.704 
	1.705 
	1.695 
	1.660 
	1.674 
	1.669 

	
	
	5% user throughput [bps/Hz]
	0.056 
	0.057 
	0.057 
	0.056 
	0.057 
	0.057 
	0.055 
	0.055 
	0.056 


Table A-19 Results for 2×2 SCM-C (v=15km/h, PMI error = 10%)
	2x2 SCM-C
	PMI error
	10%

	
	Rank error
	error-free
	1%
	10%

	
	Rank reporting interval [ms]
	5
	20
	100
	5
	20
	100
	5
	20
	100

	15 Km/h
	Full feedback
	Sector throughput [bps/Hz]
	1.539 
	1.531 
	1.528 
	1.536 
	1.529 
	1.526 
	1.501 
	1.507 
	1.507 

	
	
	5% user throughput [bps/Hz]
	0.052 
	0.052 
	0.053 
	0.052 
	0.052 
	0.052 
	0.051 
	0.051 
	0.052 

	
	Best-3 average feedback
	Sector throughput [bps/Hz]
	1.481 
	1.474 
	1.472 
	1.478 
	1.472 
	1.470 
	1.446 
	1.452 
	1.454 

	
	
	5% user throughput [bps/Hz]
	0.050 
	0.050 
	0.050 
	0.050 
	0.050 
	0.050 
	0.049 
	0.049 
	0.049 


<Simulation parameters for link level evaluation>

Table A-20 Link simulation assumptions
	Transmission BW
	10MHz

	Slot duration / Sub-frame duration
	0.5 ms / 1.0 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	RB size
	12 sub-carriers

	Number of RBs used for both group size and subband size
	5 (60 sub-carriers)

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null)

	Number of OFDM symbols per slot
	7

	Channel coding
	Turbo code, R=1/3

	Modulation and coding rate
	20 levels

[QPSK, R=1/8] [QPSK, R=1/5] [QPSK, R=1/4] [QPSK, R=1/3] 

[QPSK, R=2/5] [QPSK, R=1/2] [QPSK, R=3/5] 

[16QAM, R=7/20] [16QAM, R=2/5] [16QAM, R=1/2] [16QAM, R=3/5] 

[16QAM, R=2/3]

[64QAM, R=1/2] [64QAM, R=11/20] [64QAM, R=3/5] [64QAM, R=2/3] 

[64QAM, R=7/10] [64QAM, R=3/4] [64QAM, R=4/5] [64QAM, R=5/6]

	Number of antennas
	2x2, 4x2

	Channel environments
	TU with Kronecker extension

	Channel estimation
	MMSE channel estimation

	Pilot and signalling overhead
	28.5% (14.3% for pilot and 14.2% for signalling)

	FEC Decoder algorithm
	Max-Log-MAP with 8 iterations

	CQI reporting delay
	5 ms delay without feedback error

	Rank reporting delay
	5 / 10 / 20 / 50 / 100 ms

	Frequency scheduling
	Group bases RR

	HARQ
	Non-blanking based IR with maximum 4 transmission 

(non-adaptive, synchronous in time and freq. domain: use same RBs with a period of 6ms)


<Link level results for 4×2>
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(a) 3km/h                                                                                     (b) 15km/h
Figure A-3 Throughput of 4×2 configuration
<Link level results for 2×2>
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(a) 3km/h                                                                                     (b) 15km/h
Figure A-4 Throughput of 2×2 configuration
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