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1. Introduction

In RAN1#86b meeting, the following agreement on OL transmission schemes and CSI reporting for semi-OL MIMO was made:
Agreements:

· Denote the modulation symbol index as i, RE-level PDSCH processing for semi-open-loop MIMO is based on DMRS ports 7/8

·  Rank-1: Tx diversity

· 
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· Rank-2:  co-phasing cycling

· 
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· For the purpose of CSI feedback, UE assumes the following beamforming on port 7/8 (to N CSI-RS ports) 

· Dual-stage codebook:  W(j)= W1W2(j) 

· W1: 
 wideband i1 (e.g. grid of beams) of rank-2 

· Rank-1 (options to be downselected at RAN1#87): 

· Option 0: SFBC without defined cycling pattern (e.g. codebook subset restriction applicable to i2, and/or hybrid A+B CSI (with second eMIMO type associated with single-stage codebook), and/or Class B)

· Option 1: SFBC only + fixed beam selection

· Option 2: SFBC + per-N-PRB-pair cycling with defined cycling pattern

· W2(j):  pre-determined set of beam selection matrices of rank-2 

· W2(j) cycling per PRG, where PRG comprises N consecutive PRB pairs

· value of N FFS

· size/order of beam selection matrices for cycling FFS

· Rank-2 (options to be downselected at RAN1#87)

· Option 0:  without defined cycling pattern  (e.g. codebook subset restriction applicable to i2, and/or hybrid A+B CSI (with second eMIMO type associated with single-stage codebook), and/or Class B) 

· Option 1: fixed beam selection
· Option 2:  per-N-PRB-pair cycling with defined cycling pattern 
· W2(j):  pre-determined set of beam selection matrices of rank-2 

· W2(j) cycling per PRG, where PRG comprises N consecutive PRB pairs

· value of N FFS

· size/order of beam selection matrices for cycling FFS 
· If the CQI reporting is configured to be based on the Single-stage codebook: W(j) 

· 2 CSI-RS ports:  identify matrix (i.e. no PMI feedback)

· 4 CSI-ports:  Per-PRB-pair cycling of W(j), where W(j) = Ck, k=mod(j,4)+12, Ck denotes the rank-2 precoding matrix of index k 
· NOTE: j denotes PRB pair index

· FFS rank-3/4

In this contribution, we discuss beam cycling pattern for CQI calculation and remaining issues.
2. Discussions
For accurate link adaptation, both eNB and UE should have same understanding of beam cycling pattern when deriving CQI. Therefore, it is desirable that UE calculates the CQI based on pre-defined cycling beam pattern. Option 1 have potential mismatch about cycling pattern when deriving CQI between eNB and UE. So, even though it minimizes spec impact, it could limit system throughput. In Option 2, since there is no cycling of beam selection, beam selection is fixed for all WB. This also minimizes spec impact since Option 2 can be supported with Class A Codebook Config=1 but leads to limit the diversity gain. 
Proposal 1: UE should calculate OL-MIMO CQI based on pre-defined cycling beam pattern. 
For rank 1 pre-defined cycling beam pattern

For rank 1, SFBC applies on DMRS port 7 and 8 and pre-defined cycling beam pattern applies on each of port. In order to provide a spatial diversity per DMRS port, it is desirable to use different beam selector for each port. To be specific, DMRS sequences s7 and s8 are beamformed as shown below:
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 (Eq. 1) 
As a result, data streams (x0 and x1) to CSIRS port mapping can be expressed as shown below: 
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(Eq. 2)
In case of Rel-12 4Tx and 8Tx codebook and Class A Codebook config=3/4, (n,m)={(1,2), (2,3), (1,4), (2,4)}and in case of Class A Codebook config=2, (n,m)={(1,2), (4,3), (1,4), (2,3)}. Note that this beam selection follows the same way as selecting different beam per layer in legacy rank 2 codebook. (n,m) is cycling in the proposed set per N PRB pair.
Proposal 2: For rank 1 CQI calculation, UE assumes the following beam cycling pattern in Eq. 1 and 2:

· For Rel-12 4Tx and 8Tx codebook and Class A Codebook config=3/4: (n,m)={(1,2), (2,3), (1,4), (2,4)}

· For Class A Codebook config=2: (n,m)={(1,2), (4,3), (1,4), (2,3)}.

For rank 2 pre-defined cycling beam pattern

For rank 2, it is desirable to use the same beam selector for each port. To be specific, DMRS sequences s7 and s8 are beamformed as shown below and n is cycling in the set {1,2,3,4} per N PRB pair.:
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(Eq. 3)
As a result, data streams (x0 and x1) to CSIRS port mapping can be expressed as shown below: 
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 (Eq. 4)
In Eq. 4, W2 is cycling in rank 2 W2 PMI set {0,1,2,3,4,5,6,7} and these PMI use the same beam selector for layer 1 and 2. The subset {0,1}, {2,3}, {4,5}, and {6,7} are cycled per N PRB pair and in each N PRB pair, and two PMI in the corresponding subset are cycled per RE or modulation symbol index. One exceptional case is Class A Codebook Config=1, in which rank 2 W2 PMI set {0,1} is used for RE level cycling and no per N PRB level cycling.
Proposal 3: For rank 2 CQI calculation, UE assumes the following beam cycling pattern in Eq. 4:

· W2 is cycling in rank 2 W2 PMI set {0,1,2,3,4,5,6,7} and these PMI use the same beam selector for layer 1 and 2. The subset {0,1}, {2,3}, {4,5}, and {6,7} are cycled per N PRB pair and in each N PRB pair, and two PMI in the corresponding subset are cycled per RE or modulation symbol index.
Remaining issues
Unlike legacy DMRS based transmission, in this DMRS based OL MIMO scheme, DMRS port 7 and 8 are used regardless of transmission rank. Therefore, transmission layer information should be decoupled with DMRS port indication and eNB should be able to indicate either layer 1 or 2 for DMRS port 7 and 8.
Proposal 4: transmission rank should be indicated through DCI.
Basically, OL-MIMO is mainly used when link adaptation is unstable due to high Doppler. Thus, we don’t see clear motivation to use OL-MIMO for high rank case.
Proposal 5: For rank 3/4, DMRS based OL-MIMO is not supported.

3. Conclusion
In this contribution, we discuss beam cycling pattern when deriving CQI for (semi) OL-MIMO transmission scheme. In addition, as remaining issues, we point out decoupling of DMRS ports and transmission rank and share our view on rank 3/4 OL MIMO. Based on the discussion we propose the followings: 

Proposal 1: UE should calculate OL-MIMO CQI based on pre-defined cycling beam pattern. 

Proposal 2: For rank 1 CQI calculation, UE assumes the following beam cycling pattern in Eq. 1 and 2:

· For Rel-12 4Tx and 8Tx codebook and Class A Codebook config=3/4: (n,m)={(1,2), (2,3), (1,4), (2,4)}

· For Class A Codebook config=2: (n,m)={(1,2), (4,3), (1,4), (2,3)}.

Proposal 3: For rank 2 CQI calculation, UE assumes the following beam cycling pattern in Eq. 4:

· W2 is cycling in rank 2 W2 PMI set {0,1,2,3,4,5,6,7} and these PMI use the same beam selector for layer 1 and 2. The subset {0,1}, {2,3}, {4,5}, and {6,7} are cycled per N PRB pair and in each N PRB pair, and two PMI in the corresponding subset are cycled per RE or modulation symbol index.
Proposal 4: transmission rank should be indicated through DCI.

Proposal 5: For rank 3/4, DMRS based OL-MIMO is not supported.
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