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Proposed Changes to DL Precoding MIMO stream to antenna mapping (16.3.7.1.2) for the IEEE 802.16m/D3

 Ariel Doubchak, Erez Biton, Yaniv Weizman
Motivation

In MIMO precoding (both open loop and closed loop), for users receiving multiple MIMO streams it is suggested to change their precoding matrix over time and by that introducing improvement in time diversity, specifically by introducing diversity gain in HARQ retransmissions.
One possible implementation is to switch between the MIMO streams with the same precoding matrix to improve HARQ retransmission diversity. If a specific stream failed to be decoded due to bad precoding vector (precoding vector created a null to the receiver) it is desired to transmit the stream on another precoding vector in the HARQ retransmission.

In open loop it is also desired to change the precoding matrix over time even for a single stream per user for the same reason.
The above recommendation can be implemented in different ways such as:

· Change stream mapping to precoding matrix per retransmission

· Change stream mapping to precoding matrix periodically

The suggested implementation is changing the stream mapping to the precoding matrix periodically (every frame – according to the expected HARQ average delay) to support different kinds of resource units (distributed, localized).
The same reasons are true for DL and UL. The following contribution is for DL.

Text Proposal

[Modify the following text in Section 16.3.7.1.2.1, page 448, line 6]

16.3.7.1.2.1 Non-adaptive precoding
With non-adaptive precoding, the precoding matrix is an Nt×Mt matrix W(k)=W2*M, where Nt is the number of transmit antennas, Mt is the number of MIMO streams, and k is the physical index of the subcarrier where W(k) is applied. M is a MtxMt matrix defined in equation 220. The matrix W2 is selected from the base codebook or from a subset of size Nw precoders of the base codebook for a given rank. W2 belongs to the base codebook or to one of the subsets of the base codebook, according to the type of allocation, MEF, Nt, MaxMt and Mt, as specified in Table 831 and Table 832. The notation CDL,OL,SU(Nt, Mt, Nw) denotes a DL OL SU-MIMO codebook subset, which con​sists of Nw complex matrices of dimension Nt by Mt. The base codebook and the codebook subsets are defined in 16.3.7.2.5.6.
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Where:

p = {4*(super frame number) + (internal frame number)} mod Mt
and Internal frame number is the frame number within the super frame (range 0… 3). 

δ(i,j) is the Dirac delta function defined as 
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[Modify the following text in Section 16.3.7.1.2.1, page 449, line 6]

In a RU allocated outside the OL region, with MEF using SFBC or VE and non-adaptive precoding,the matrix W2 changes every N1PSC contiguous physical subcarriers according to Equation (220), and it does not depend on the AAI subframe number. The Nt×Mt precoding matrix W2 (k) applied on subcarrier k in physical subband s is selected as the codeword of index i in the codebook of rank Mt specified in Table 831 or Table 832, where i is given by

[Modify the following text in Section 16.3.7.1.2.1, page 449, line 18]

In a RU allocated outside the OL region, with MEF using HE and non-adaptive precoding, the matrix W2 changes every N1 PRUs according to Equation (220), and it does not depend on the AAI subframe number. The Nt×Mt precoding matrix W2 (k) applied on subcarrier k in subband s is selected as any Mt unordered col​umns of the codeword of index i in the codebook of rank MaxMt specified in Table 832, where i is given by Equation (220),and MaxMt is specified in Feedback Allocation A-MAP IE or Feedback Polling A-MAP IE.
[Modify the following text in Section 16.3.7.1.2.1, page 449, line 29]

In a RU allocated in the MaxMt MIMO streams OL Region, the matrix W2 changes every N PRUs. 

N = N1 in all OL regions except in the OL region of type 1 with NLRU. The Nt×MaxMt precoding matrix W2 (k) applied on subcarrier k in physical subband s is selected as the codeword of index i in the codebook of rank MaxMt specified in Table 831 or Table 832, where i is given by

[Modify the following text in Section 16.3.7.1.2.1, page 449,  line 39]

where Nsub denotes the number of physical subbands across the entire system bandwidth.

In the OL region of type 1 with NLRU, N = N2, and the Nt×1 precoding matrix W2 (k) applied on subcarrier k in PRU m in AAI subframe number t is selected as the codeword of index i in the codebook of rank MaxMt=1 specified in Table 831, where i is given by

[Modify the following text in Section 16.3.7.1.2.2, page 449,  line 51]

16.3.7.1.2.2 Adaptive precoding
With adaptive precoding, the precoding matrix is an Nt×Mt matrix W(k)=W2*M, where k is the physical index of the subcarrier where W(k) is applied. 

In a RU with MEF usig SFBC or VE, M is an MtxMt matrix defined in equation 220.  In a RU with MEF using HE M is a unity matrix.

The precoder W2 is derived from the feedback of the AMS.

For codebook-based adaptive precoding (codebook feedback), there are 3 feedback modes: Base mode, transformation mode and differential mode. 

For TDD sounding-based adaptive precoding, the value of W2 is derived from the AMS sounding feedback.

Example

For Non Adaptive VE, Mt = 2, Nt = 2, the code book used is 
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For subband s = 0 index 0 is used according to equation 221. 

With current implmentation, the precoding vector of MIMO stream 1 is therefore [0.7071 -0.7071] and the precoding vector of MIMO stream 2 is [0.7071 0.7071]. Assuming precoding vector [0.7071 -0.7071] creates a null at the receiver, stream 1 will not be detected even with HARQ retransmissions.

With the current contribution, assuming super frame number = 0 and frame number = 0 at the first transmission,  A = [1 0;  0 1], MIMO stream 1 precoding will be [0.7071  0.7071] as in the example above. Assuming the retransmission is done in the next frame (frame number =1), A = [0 1;  1 0]. MIMO stream 1 precoding vector will be [0.7071  0.7071] (not in null), improving the chances of successful decoding.
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