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1. Introduction

This contribution proposes a single PDCCH downlink format (B+C) that supports precoding and non-precoding.  If the non-precoding mode doesn’t support a 2nd code word then an efficiency advantage is obtained for having separate precoding and non-precoding PDCCH formats (B and C) although L3 signaling is increased for signaling between MIMO modes.
2. Common PDCCH Downlink Format
A set of DL L1/L2 control channel information field sizes are given in Table 1 below.  Depending on the transmitter receiver configuration the second 4-bit field either indicates modulation and coding scheme for a second code word (MCS CW2) or gives precoding information (PVI  for MU-MIMO or SDMA).
The 1-bit field in Table 1 represents a 1-bit PMI selection bit as described in [7] where a ‘1’ indicates that the eNB has accepted the UE reported PMI and will apply it to the subsequent PDCCH and or packet transmission and a ‘0’ indicates that the eNB has deemed the reliability of the UE reported PMI as too low and that the eNB and UE will fallback to a default PMI (and possibly a default MCS).  The bit can be avoided all together if blind detection is used [7].  

Switching between a precoding and a non-precoding mode is determined by Layer 3 signaling.  This same L3 signaling can be used to also switch between PDCCH formats given there is one format for precoding and one for non-precoding modes.  Switching between MU-MIMO and SU-MIMO can be based on L1 signalling (use reserved CW2 value e.g. ‘0111’ as in Table 1) or be based on L3 signalling.
Table 1 – PDCCH Single (B+C) Format Bit Field definition – L1 or L3 Signaled SU-MU switching
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* A ‘1111’ or ‘0111’ CW2 value means only CW1is used.  A value ‘0111’ also indicates MU-MIMO mode

** Note for non-MIMO a 2nd seperately coded TB is the 2nd CW and an alternate RA allocation mode can be supported via the DL RA map Table (e.g. a UE gets all the RBs within extent of min and max RB index of allocation)
*** Reserved field for SU-MIMO-1CW could be used for stream reassignment when new 2nd codeword is not available

# Instead of 1-bit PMI it is also possible to detect precoding using blind detection in which case precoding can be applied also to the PDCCH.
3. Single PDCCH format and DL SA size
The DL SA size using the single PDCCH format is shown below in Table 2 based on assuming a resource block group approach which is also described in Table 2 and discussed further in [10][11].  
Table 2 – PDCCH single precoding and non-precoding format (B+C) per BW mode

[image: image2.emf]BW 

(MHz)

#RBs

RB Group 

Size (N)

Table 

Size

Bitmap 

Size (B)

Total RA bits 

(N

RAMAP

)

Total DL 

Grant

1.4 6 1 1 6 7 44

3 15 2 3 7 10 47

5 25 2 3 12 15 52

10 50 2 3 16 19 56
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4. Separate PDCCH formats and DL SA size
Given two PDCCH formats, one for UEs in the precoding mode (Table 5) and one for UEs in non-precoding mode (Table 4) then we can save about 7-bits for the non-precoding PDCCH format if only one code word is allowed but with added Layer 3 signaling needed to switch between the two modes (formats).  Table 3 below shows the Total scheduling assignment size for the non-precoding (non-MIMO) mode.  
Table 3 – PDCCH non-precoding format B size per BW mode
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Table 4 – PDCCH Non-precoding format B Bit Field definition
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Table 5 – PDCCH Precoding format C Bit Field definition
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5. Conclusions

A single downlink PDCCH format was shown that supports precoding and non-precoding transmitter receiver modes of operation (i.e. format B+C).  It is proposed that - 
· A single downlink PDCCH format supporting precoding and non-precoding modes be accepted
· Allows support of a 2nd code word (via FDM rank1) for the non-precoding mode
Or if no non-MIMO 2nd code word is desired (i.e. no FDM rank 1 2nd code word) then it is proposed that -
· Separate precoding and non-precoding PDCCH formats (B and C) be supported and given Layer 3 signaling overhead from switching between the MIMO modes is not deemed excessive.

· Separate PDCCH non-precoding format (B) saves 7-bits in scheduling grant payload size
· Layer 3 signaling increases due to need to switch between precoding and non-precoding
· Note a smaller (UL?) grant may be used in place of the DL grant as needed [9]
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ANNEX A – PDCCH Format Payload Sizes and Coding Rates

Coding rates are given in Tables 3-8 below for a given number of CCEs and a finite set of payload sizes {24, 36, 40, 42, 44, 48, 50, 52, 54, 58, 60, 68 bits} for the PDCCH formats A,B,C and D.  The payload size set is used for all system bandwidths from 6 to 110 resource blocks.

Table 3 – 1CCE, Coding Rate (R) for PDCCH formats A, B, C, and D
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Table 4 – 2CCEs, Coding Rate (R) for PDCCH formats A, B, C, and D
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Table 5 – 3CCEs, Coding Rate (R) for PDCCH formats A, B, C, and D
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Table 6 – 4CCEs, Coding Rate (R) for PDCCH formats A, B, C, and D
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Table 7 – 8CCEs, Coding Rate (R) for PDCCH formats A, B, C, and D
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