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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 DMRS enhancements for semi-open-loop transmission.
2 Discussions
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 PRB should be defined as PRG.

3 Conclusion
This contribution has discussed DMRS enhancements for semi-open-loop transmission in Rel-14, and draws following observations and proposals:
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.
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