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1. Introduction

If PMI and rank are explicilty indicated then it is more efficient to have separate formats for SU-MIMO, Beamforming/MU-MIMO, and non-MIMO.  This contribution proposes separate PDCCH downlink formats B (non-MIMO), format C (SU-MIMO/modern MU-MIMO), and C’ (Beamforming/’stone-age’ MU-MIMO).  It is proposed that layer 3 signaling be used to switch between the three formats.

2. Common PDCCH Downlink Format
A set of DL L1/L2 control channel information field sizes are given in Table 1 below for PDCCH format B for non-MIMO scheduling assignments.  The format B size is 30-bits + downlink resource allocation map.
Table 1 – PDCCH Non-precoding format B Bit Field definition
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PDCCH format B sizes are shown below in Table 2 based on resource allocation Approach 1.

Table 2 – PDCCH non-precoding format B size per BW mode
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1.4 6 1 0 6 6 34

3 15 2 3 8 11 39

5 25 2 3 13 16 44

10 50 3 3 17 20 48

15 75 4 3 19 22 50

20 100 4 3 25 28 56


Since Beamforming and basic MU-MIMO (B_MU-MIMO) only need bits for assigned antenna weights (3-bit PVI in the case of B_MU-MIMO) then the PDCCH format C’ is proposed in Table 3 below.  With only a 3-bit difference between format B and C’ it may be desirable to merge B and C’ into a single format B.
Table 3 – PDCCH Beamforming/’Stone-Age’ MU-MIMO format C’ Bit Field definition
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By using a 1-bit PMI selection indicator as described in [7] where ‘1’ indicates the eNB has accepted the UE reported PMI and rank and has applied them to the subsequent packet transmission while ‘0’ indicates that the eNB has deemed the reliability of the UE reported PMI as too low such that the eNB and UE should fallback to a default PMI (and possibly a default MCS).  This 1-bit PMI selection indicator can be avoided all together if blind detection of the reported PMI state and default PMI state is performed by the UE [7].  Table 3 below shows PDCCH format C based on using a 1-bit PMI indicator.  
Table 4 – PDCCH Format C Bit Field definition – L1 or L3 Signaled SU-MU switching
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* A ‘1111’ or ‘1110’ CW2 value means only CW1is used. ‘1111’ also  indicates MU-MIMO mode

** Reserved field for SU-MIMO-1CW could be used for stream reassignment when new 2nd codeword is not available

# Instead of 1-bit PMI can detect precoding using blind detection such that precoding applied also to the PDCCH.
PDCCH format C sizes are given in Table 5 below for resource allocation Approach 1
Table 5 – PDCCH SU/MU-MIMO Format C with 1-bit PMI indicator
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1.4 6 1 0 6 6 41

3 15 2 3 8 11 46

5 25 2 3 13 16 51

10 50 3 3 17 20 55

15 75 4 3 19 22 57

20 100 4 3 25 28 63


Requiring explicit PMI and rank to be sent for SU-MIMO increases the PDCCH format C by another 6-bits.  This is a signicant payload increase.which also means the PDCCH format C would require 13 more bits than format B.  Table 6 shows PDCCH format C if PMI must be explicilty signaled and where the single bit PMI indicator is only used to acknowledge frequency selective PMI reports.  Perhaps it is possible to combine the MCS codeword 2, PMI, Rank, and 1-bit PMI indicator fields from 11-bits into a single smaller 7-bit field.  Otherwise the overhead represented by Table 6 is excessive and could degrade LTE spectral efficiency.
Table 6 – PDCCH Precoding format C Bit Field definition
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3. Conclusions

It is proposed to combine the MCS codeword 2, PMI, Rank, and 1-bit PMI indicator fields which all together have 11-bits into a single smaller 7-bit field.  Otherwise the overhead represented by Table 6 is excessive and could degrade LTE spectral efficiency.

The PDCCH Format B definition given in this paper is proposed because it has very good coverage due to the minimization of required bits.  5MHz BW: 44-bits
A separate PDCCH Format C’ definition is proposed for Beamforming and basic MU-MIMO which requires 3 more bits than Format B. 5MHz BW: 47-bits
Two options are considered for Format C and its SU-MIMO support.  

· Option 1: (1-bit PMI indicator)

· Use a 1-bit PMI indicator instead of explicitly indicating a 4-bit PMI.  

· 5MHz BW: 51 bit PDCCH
· Option 2: (Explicit PMI and rank)

· 5MHz BW: 57 bit PDCCH
· Option 3: (Explicit PMI and rank but with merged fields – MCS CW2, PMI, rank, 1-bit PMI)

· 5MHz BW: 53 bit PDCCH
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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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