
3GPP TSG RAN WG1 #86bis
R1-1609020
Lisbon, Portugal 10th - 14th October 2016

Agenda item:
7.2.2.2
Source: 
Samsung
Title: 
Discussions on semi-open-loop transmission in eFD-MIMO
Document for:
Discussion and Decision

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

· Agreement:
· Support both CLASS A and CLASS B with K≥1 CSI-RS resources for the eMIMO-Type of semi-open-loop

· For dual-stage codebook, 

· RI, i1 and CQI reporting is supported for {CLASS A} and {CLASS B with K=1 and 8Tx/alternate 4Tx codebooks}

· FFS: reporting i11 and/or i12 for Class A codebooks

· CRI, RI, i1 and CQI reporting is supported for CLASS B with K>1

· FFS: reporting i1 and subsampled i2
· FFS: Hybrid CSI with semi-open-loop 
· FFS: Reporting multiple CRIs for CLASS B K>1
· For single-stage codebook with 2 and 4 ports (CLASS B with K>1), CRI, RI and CQI are reported
· For single-stage codebook with 2 and 4 ports (CLASS B with K=1), RI and CQI are reported
· Support RE level transmitter operation on PDSCH for both CSI reporting and PDSCH transmission

· Down selection from the following transmission schemes in RAN1#86bis, including possible combination

· Precoder cycling

· Tx diversity 

· LD-CDD

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

2 Discussions
Transmission scheme for semi-open-loop

In our past contribution, we have provided the evaluation results for semi-open-loop considering various codebook configs of class A codebook [4]. Based on the evaluation results, RE level co-phase cycling showed additional gain when compared with fixed (WB) co-phasing and RB-level co-phase cycling. Additionally, performance of one or multiple RB-level beam cycling and RE-level co-phase cycling showed very close performance with RE-level beam and co-phase cycling. Considering additional overhead of RE-level beam and co-phase cycling, RB-level beam cycling and RE-level co-phase cycling is proposed. 

Based on the above observation, we provide additional evaluations for detailed design of transmission scheme. In our companion contribution [5], 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.
Proposals: 
· For semi-open-loop transmission, RB level beam cycling in conjunction with RE level co-phase cycling is supported. For beam and co-phase cycling, support at least one of the following schemes:
· Scheme 1: Four co-phase values {1,j,-1,-j} are cycled in an RB.
· Scheme 2: Two pairs of two co-phase values {1,-1}, {j,-j} are cycled in two consecutive RBs.

Required specification support for CSI reporting
In order to support RE level co-phase cycling, specification supports for CSI reporting is required. For semi-open-loop CSI reporting, only i1 reporting is supported to provide approximate directional information and reduce uplink reporting overhead. Most important part in semi-open-loop CSI reporting is CQI calculation. In contrast to current CQI for DMRS based TMs, proposed transmission scheme should be considered for CQI calculation. 

In the design of CSI reporting for semi-open-loop, limitation on multi-layer transmission also can be considered. Semi-open-loop transmission is beneficial especially when CSI quality is impaired at the eNB (for instance, high UE speeds). Due to the impairments in channel estimation, it may be difficult to support high layer transmission in such scenario. Considering such aspects, limitation on RI reporting (e.g. 4) may reduce RI reporting overhead without performance loss.

In addition to RI limitation, codebook config also needs to be considered for class A. 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: 

· In order to support RB level beam cycling and RE level co-phase cycling effectively, accurate CQI calculation assuming the transmission scheme is required.

· For semi-open-loop transmission, payload limitation on RI may provide reduced reporting overhead without any performance loss.

· 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: 

· Support CQI calculation assuming RB level beam cycling and RE level co-phase cycling.

· For CSI reporting, consider rank limitation on RI reporting.

· 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.

Required specification support for DMRS and PDSCH transmission

For the DMRS design of semi-open-loop, following design aspects should be considered:

· DMRS port and number of layers indication: In order to support semi-open-loop, transparent DMRS (i.e. DMRS and PDSCH precoded identically) should be considered. By using transparent DMRS, eNB can apply precoding on DMRS that is transparent to a UE. Based on the transparent DMRS, RE level port cycling can be considered to apply RE level co-phase cycling. Based on the RE level DMRS port cycling, support of  smaller size of PRB bundling can be considerd. For DMRS, one or two consecutive RB level beam cycling does not need to be indicated to UE, but, it can be delivered by having PRG size as one RB or two RB. 
· Support of multi-user spatial multiplexing: MU-MIMO transmission for semi-open-loop transmission is another issue that should be considered. When multiple UEs are simultaneous scheduled on the same resource, the 2-dimensional antenna array and the larger number of TXRU’s can be utilized to separate the signals in spatial domain. Combined with open-loop transmissions, multi-user spatial multiplexing can be used to enhance the system performance. For example, multi-user spatial multiplexing can be applied across the different beam groups for while open-loop transmission is applied on the selected beam group.
· Limitation on maximum number layers on DMRS: As discussed above, high layer transmission may not be beneficial due to high impairments. Therefore, maximum number of transmission layer in DMRS indication table can be limited and such limitation will provide not only room for other indications (e.g. nSCID and multi-user transmission) but also enhanced coverage for downlink control channel.

Observations: 

· In order to support RE level co-phase cycling transparently, DMRS port cycling should be supported for PDSCH transmission.

· For semi-open-loop transmission, MU-MIMO transmission is beneficial.

· For semi-open-loop transmission, limitation on maximum number of layer for DMRS may provide reduced control overhead without any performance loss.

Proposals: 

· For PDSCH transmission, support RE level port cycling.

· For the design of DMRS, MU-MIMO transmission should be considered.

· For the design of DMRS, one or two consecutive PRBs should be defined as PRG.

3 Conclusion
This contribution has discussed specification supports for semi-open-loop transmission in Rel-14, 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.
· In order to support RB level beam cycling and RE level co-phase cycling effectively, accurate CQI calculation assuming the transmission scheme is required.

· For semi-open-loop transmission, payload limitation on RI may provide reduced reporting overhead without any performance loss.

· 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.
· In order to support RE level co-phase cycling transparently, DMRS port cycling should be supported for PDSCH transmission.

· For semi-open-loop transmission, MU-MIMO transmission is beneficial.

· For semi-open-loop transmission, limitation on maximum number of layer for DMRS may provide reduced control overhead without any performance loss.

Proposals: 

· For semi-open-loop transmission, RB level beam cycling in conjunction with RE level co-phase cycling is supported. For beam and co-phase cycling, support at least one of the following schemes:
· Scheme 1: Four co-phase values {1,j,-1,-j} are cycled in an RB.
· Scheme 2: Two pairs of two co-phase values {1,-1},{j,-j} are cycled in two consecutive RBs.
· Support CQI calculation assuming RB level beam cycling and RE level co-phase cycling.

· For CSI reporting, consider rank limitation on RI reporting.

· 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.

· For PDSCH transmission, support RE level port cycling.

· For the design of DMRS, MU-MIMO transmission should be considered.

· For the design of DMRS, one or two consecutive PRBs should be defined as PRG.
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