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Addition of New CQICH Types
Ron Porat, Wee Peng Goh - Nextwave
Purpose 
This document describes a more efficient CQICH feedback mechanism uniquely suited for feeding back precoding matrix index, rank and CINR of multiple bands to support CL-MIMO in Band AMC. This mechanism uses the CQICH_Enhanced_Alloc_IE by reclaiming several reserved bits.
Problem Statement:
1. The current CQICH mechanism enables very robust feedback of 6 bits per slot.
2. For CL-MIMO, the amount of feedback required is higher and there is a need to provide a flexible mechanism that trades robustness with throughput. Users with low UL CINR can feed back less bits and users with higher UL CINR can feed back more bits
3. Using UL messages (like feedback header) is inefficient as it requires more than repetition 6 to get to the same level of reliability but will then occupy 6 times more slots
4. By extending the CQICH capabilities we allow for an elegant and simple improvement of the UL feedback channel that can in turn be used for other purposes.
Proposed solution 

The underlying idea is to map 6 bits into 3 or 2 tiles (half or one third of a slot) instead of 6. This will double or triple the payload of the CQICH mechanism at the expense of reduced reliability.

The mapping uses the current mapping as in table 389 with small modification for 3 new CQICH types:

1. 6 bit CQI (even) – here we map the 6 bits into only the even tiles (half slot) using a pruned mapping from table 389. For example, the mapping of 001000 is 2,4,3,6,7,5 for the current 6 bit CQI and will be 2,3,7 for this new feedback type. (Tiles are numbered 0-5).
2. 6 bit CQI (odd) – here we map the 6 bits into only the odd tiles (half slot) using a pruned mapping from table 389. For example, the mapping of 001000 will be 4,6,5 for this new feedback type
3. 18 bit CQI – here we use one full slot to transmit 18 bits by mapping each 6 bits to two tiles

a. The first group of 6 bits will be mapped to tiles 0,3 using the pruned 2,6

b. The second group of 6 bits will be mapped to tiles 1,4 using the pruned 4,7

c. The third group of 6 bits will be mapped to tiles 2,5 using the pruned 3,5

Another advantage of mapping to half slot is increased granularity – users can occupy only half a slot or multiples of half slot and allow better utilization of the fast feedback channel by more users.

Simulation Results:


The following simulation results show the performance of the two new options compared with the current 6bit CQI type.  
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For comparison, using feedback header message under the same configuration and QPSK rate ½ requires SNR=4dB for payload error rate = 10-2. Note that here we assume that the MS doesn’t transmit anything but the FH in the same OFDM symbol. 
Also, it can be noticed that the loss going from 6 bit in full slot to 6 bit in half slot is 3dB which can be gained back if a MS occupies only one half slot due to improved power concentration.

Similar results for a 2-antenna BS are shown as well where for comparison, using feedback header message under the same configuration requires SNR=11dB for payload error rate = 10-2.
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Usage
For CL-MIMO purposes we use the same mapping to 6 bits whether they occupy full slot, half slot or one third of a slot.

If the feedback type is 0b100 (index to precoding matrix in codebook) we map into each group of 6 bits:

1. 4 antenna BS – 4 bit PMI as MSB plus 2 bit differential CINR as LSB

2. 2 antenna BS – 3 bit PMI as MSB plus 1 bit RI  plus 2 bit differential CINR as LSB
For 2 antenna BS the lowest eigenvalue fluctuates much more than for 4 antenna BS and feeding RI more frequently is more important.

For description of codebooks see contribution 93r3 or a later revision.
PMI – precoding matrix index

RI – rank information

MSB – Most Significant Bits

LSB – Least Significant Bits

Text Changes
Change CQICH Type in Table 416 CQICH Enhanced Allocation IE to:

Table 416—CQICH Enhanced Allocation IE format

	Syntax 
	Size (bit) 
	Notes

	CQICH_Enhanced _ALLOC_IE
	--
	--

	…
	…
	…

	CQICH Type
	3
	0b000: 6-bit CQI

Reserved 0b001 0b001: 18-bit CQI

0b010: 3-bit CQI (even)

0b011: 3-bit CQI(odd)

0b100: 6-bit CQI (primary)

0b101: 4-bit CQI (secondary)

Reserved b0110-0b111

0b110: 6-bit CQI (even)
0b111: 6-bit CQI(odd)

	…
	…
	…


Add to section 8.4.5.4.10.5 page 819 line 53: 

Table 389 defines the mapping between the payload bit sequences and the subcarriers modulation for 6 bit CQI type 0b000 and 0b100.  For CQICH types 0b110, 0b111, and 0b001 the 6 bits CQI shall follow the mapping as described below: 
Referring to table 389 – Enhanced fast-feedback channel subcarrier modulation, the mapping of Fast-feedback vector indices per Tile shall be CQICH type dependant as shown below:  

· CQICH type 0b110 (even):  Tile(0), Tile(2), Tile(4)  

· CQICH type 0b111 (odd):  Tile(1), Tile(3), Tile(5)

· CQICH type 0b001 (18 bit mapping in a full slot): 
· Bit17 – Bit12– Tile (0), tile (3)

· Bit11 – Bit6 – Tile (1), tile (4)

· Bit5 – Bit0– Tile (2), tile (5)
Add at the end of section 8.4.5.4.16

Feedback Type 

For CQICH type = 0b000, 0b001 or 0b100: 

0b000 = Fast DL measurement/Default Feedback with antenna grouping 

0b001 = Fast DL measurement/Default Feedback with antenna selection 

0b010 = Fast DL measurement/Default Feedback with reduced codebook When the MS transmits the feedback of S/N using 5 ……
For Feedback type = 0b100 (index to precoding matrix in codebook) : 

Mapping into each group of 6 bits (CQICH types 0b000, 0b100, 0b110 or 0b111):

1. 4 antenna BS – 4 bit PMI mapped to MSB plus 2 bit differential CINR as LSB

2. 2 antenna BS – 3 bit PMI mapped to MSB plus 1bit RI  plus 2 bit differential CINR as LSB

Mapping of the 2 bit differential CINR is as follows:
	00
	-3dB

	01
	-1dB

	10
	1dB

	11
	3dB


PMI – precoding matrix index

RI – rank information

MSB – most significant bits

LSB – least significant bits

Replace subsection c) in section 8.4.8.3.6 MIMO precoding with
c) Feeding back multiple precoders for band 
AMC operation. For band AMC the BS has the choice to can request a common precoding matrix for all bands or can request a programmable number, N (see Table 386 416) of precoding matrices to be fed back for the N best bands. selected in an ordered fashion. In the latter case, the precoding matrices are associated with the bands with the highest S/N values. As a secondary selection criteria, in case the ordering according to highest S/N is not unique, the bands with the lowest band index are chosen first.  fed back from the lowest AMC band index to the highest index. The index for each precoder is mapped to a CQICH channel of the corresponding size. The precoders for the different bands, in the order described previously, is signaled in the corresponding CQICH channels . See Table 494 and Table 495. For the case where the dedicated pilot bit is set to 1 in the STC Zone IE (8.4.5.3.4) for the zone in which the subburst allocations are made, if the BS requests a common precoding matrix for all bands, a single precoding matrix shall be fed back based on the allocated bands  mid-amble. If the BS requests a programmable number N (see Tables 386  416) of precoding matrices to be fed back for the N bands, then the precoding matrices are associated with the bands following the order in which the

bands were allocated. The precoders for the different bands, in the order described previously, are signaled in the corresponding CQICH channels based on the allocated CQICH types and CQICH_Num  when feedback type is set to 0b100 (8.4.5.4.16).

1. If CQICH type = 0b100 and CQICH type = 0b101 (6bit primary / 4 bit secondary),
a. 6 bits carry best common precoder for the 3 selected bands and differential CINR for lowest numbered band

b. 4 bits carry differential CINR for second and third bands. 
2. If one or multiple CQICH Type = 0b000, 0b110 or 0b111, (6 bit in full or half slots)

a. If N=3, the MS feeds back for all 3 bands in the band bitmap in the order of lowest numbered band to highest

b. If N<3, the MS determines the set S of bands allocated to him that are also part of his last recommended band bitmap. M denotes the number of bands in S

i. If M>=N the MS first feeds back for the best N bands as determined by the last absolute CINR report. 

ii. If M<N the MS first feeds back for those M bands and then for the remaining (N-M) best bands 
3. If CQICH Type  = 0b001 (18 bit CQI), the MS feeds back the PMI and differential CINR in the following order:  the lowest AMC band is mapped to the first group of 6 bits, the second AMC band is mapped to the second group of 6 bits and the third AMC band is mapped to the third group of 6 bits.

  


