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1 Introduction
In 3GPP RAN1#86bis [2], following agreements were made for the support of semi-open-loop transmission: 

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

This contribution discusses remaining details on the design of semi-open-loop transmission scheme.

2 Discussions
In our companion contribution [4], evaluation results with different beam cycling granularity and co-phase values are provided. In the provided results, RB level beam cycling with RE level co-phase cycling {1, j, -1, -j} showed best result while two consecutive RBs level beam cycling with RE level cycling of two pairs of two co-phase {1, -1}, {j, -j} shows 1~2% loss in avg. UPT and 5~10% loss in 5% UPT.

Observations: 

· RB-level beam cycling combined with RE-level co-phase cycling shows competitive performance when we consider both performance and DMRS overhead.
· RB level beam cycling with RE level co-phase cycling {1, j, -1, -j} shows best performance while two consecutive RBs level beam cycling with RE level cycling of two pairs of two co-phase {1, -1}, {j, -j} shows 1~2% loss in avg. UPT and 5~10% loss in 5% UPT.
Proposal: 
· For semi-open-loop transmission, support RB level beam cycling in conjunction with RE level co-phase cycling.
In order to support semi-open-loop transmission, configuration method should be considered. Possible alternatives for configuration method of semi-open-loop transmission would be implicit indication by introducing new TM and explicit indication by using RRC configuration. In order to discuss the necessity of introducing new TM, a list of enhancements on semi-open-loop transmission can be summarized as follows:

· CSI reporting enhancement: CSI reporting with only RI and i1 and CQI assuming RE-level PDSCH processing

· DMRS enhancement: DMRS port cycling with signaling of SFBC and precoder cycling 

As shown above, semi-open-loop UE does have not much difference between other UEs. Since DCI size for DMRS port indication is expected to be same with legacy (2 or 3 bits), only difference is interpretation of indication. Contents of CSI reporting may be different, but the difference does not seem large enough to introduce new TM. Additionally, using TM9 and TM10 for semi-open-loop may reduce efforts of configuration to change transmission scheme (change between semi-open-loop and normal transmission). 
Observation: 

· Difference between semi-open-loop and normal transmission does not seem large enough to introduce new TM. .
Proposal: 
· Support RRC configuration based indication for the configuration of semi-open-loop transmission.

For class A, codebook config should to be considered for semi-open-loop transmission. For config 2, 3 and 4, semi-open-loop transmission provides much benefits and therefore such configurations need to be supported. In contrast to config 2, 3 and 4, config 1 supports only 4 co-phases in the selected i1 while config 2, 3 and 4 supports 4 beams and 4 co-phases. Due to such design, config 1 based semi-open-loop transmission will support only co-phase cycling and this may provide relatively smaller benefits than config 2, 3 and 4. Considering such aspects, we can consider two alternatives for config 1.

· Alt 1-1: Support semi-open-loop transmission only for config 2, 3 and 4.

· Alt 1-2: Support of semi-open-loop transmission for config 1 with RE level co-phase cycling.

While Alt 1-1 may reduce UE hardware complexity on CSI with reducing implementation, Alt 1-2 may provide some benefits based on diversity. Considering such benefits and drawbacks, specification support for config 1 should be carefully decided. For class B with K>1, 2-dimensional sectorization is enabled when a UE is configured with K>1 CSI-RS resources where each CSI-RS resource represents a macro-beam. The UE reports CRI along with a CSI report to indicate selected macro-beam index. In this case, two types of semi-open-loop schemes are proposed. One possible approach is precoder cycling with the CSI-RS resource indicated by a single CRI. While CRI provides long-term channel information, PMI and CQI in the selected resource indicates short-term channel. Considering such aspects, reducing short-term CSI impairments would be beneficial and degree of benefits of this scheme can be evaluated. In contrast to precoder cycling in the selected resource, another proposal on class B is to cycle CRIs without UE’s CRI reporting. As discussed, design principle for CRI is to identify long-term channel information, however, this alternative proposes to use CSI-RS resource to achieve short-term diversity. Considering such contradiction and overhead for the multiple CSI-RS resource, benefits of this alternative can be limited. On the evaluation result of class B based semi-open-loop scheme which is provided in RAN1#85 [3], CRI cycling based semi-open-loop exhibits large performance loss compared to precoder cycling in the selected CSI-RS resource.

Observations: 

· For class A, config 2, 3 and 4 provide high degree of performance enhancements while config 1 may provide relatively small benefit.
· For class B with K>1, semi-open-loop transmission for the selected CSI-RS resource may provide benefits while benefits of CRI cycling based semi-open-loop transmission is unclear.
Proposals: 

· For class A, support config 2, 3 and 4 and support one of the following for config 1.

· Alt 1-1: Support semi-open-loop transmission only for config 2, 3 and 4.

· Alt 1-2: Support of semi-open-loop transmission for config 1 with RE level co-phase cycling.

· For class B with K>1, support semi-open-loop transmission for the selected CSI-RS resource.

3 Conclusion
This contribution has discussed transmission scheme for semi-open-loop, and draws following observations and proposals:
Observations: 

· RB-level beam cycling combined with RE-level co-phase cycling shows competitive performance when we consider both performance and DMRS overhead.
· RB level beam cycling with RE level co-phase cycling {1, j, -1, -j} shows best performance while two consecutive RBs level beam cycling with RE level cycling of two pairs of two co-phase {1, -1}, {j, -j} shows 1~2% loss in avg. UPT and 5~10% loss in 5% UPT.
· Difference between semi-open-loop and normal transmission does not seem large enough to introduce new TM. .
· For class A, config 2, 3 and 4 provide high degree of performance enhancements while config 1 may provide relatively small benefit.
· For class B with K>1, semi-open-loop transmission for the selected CSI-RS resource may provide benefits while benefits of CRI cycling based semi-open-loop transmission is unclear.
Proposals: 

· For semi-open-loop transmission, support RB level beam cycling in conjunction with RE level co-phase cycling.

· Support RRC configuration based indication for the configuration of semi-open-loop transmission.

· For class A, support config 2, 3 and 4 and support one of the following for config 1.

· Alt 1-1: Support semi-open-loop transmission only for config 2, 3 and 4.

· Alt 1-2: Support of semi-open-loop transmission for config 1 with RE level co-phase cycling.

· For class B with K>1, support semi-open-loop transmission for the selected CSI-RS resource.
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