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1 Introduction

At the RAN1 #86bis meeting, following agreements were achieved for DMRS based semi-open-loop transmission [1]: 
Agreement:

· 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 details of semi-open-loop transmission schemes. 
2 Discussion
2.1 On the rank-3/4 DMRS-based semi-open-loop transmission

In Rel. 13, for dual-stage codebook based close-loop transmission, rank-3/4 can be configured to allow single user spatial multiplexing on two adjacent orthogonal beams. Extension to Rel.14 semi-open-loop can be achieved by allowing co-phase cycling in these two beams, respectively. On the other hand, for single stage codebook, rank-3/4 is achieved by RE-level LD-CDD similar to TM3. Since the RE-level processing is no longer identical for rank-3/4 LD-CDD and rank-3/4 co-phase cycling, the detailed enhancement will require some new designs with significant effort in specification.

Moreover, if rank-3/4 DMRS-based semi-open-loop transmission is to be supported, at least 4 DMRS ports are needed. Using DMRS port 7-10 will lead to doubled downlink DMRS overhead. For close-loop, high rank transmission can be scheduled if spatial multiplexing gain can override the loss from DMRS overhead. However, for semi-open-loop, due to lack of discussions on the scenarios and transmission schemes that related to high rank transmission, the benefits remain unclear, especially if the additional DMRS overhead is further considered. 
Based on these, we have the following proposal:

Proposal 1: Rank-3/4 semi-open-loop transmission is not specified in Rel. 14, but can be re-considered in later release.

2.2 On the transmission mode and signalling support for semi-open-loop
In RAN1 #86bis, rank-1 SFBC and rank-2 co-phase cycling have been adopted as RE-level processing in semi-open-loop transmission. DMRS port 7 and port 8 are used, and maximal 2 layers PDSCH transmission is supported. For this DMRS based semi-open-loop transmission, there are two alternatives:
· Alt-1: Support it with newly defined transmission mode.
· Alt-2: Support it with existing DMRS based close-loop transmission mode, such as TM8/9/10
In our view, the initial purpose of this transmission scheme is to enhance the performance of DMRS based transmission modes in high speed scenario. Additionally, general mechanisms of DMRS based semi-open-loop have already been defined following TM8/9/10, such as CSI reporting mode, DMRS transmission, etc. The agreed increments seem inefficient to form a new transmission mode. Hence, we prefer to enhance DMRS based semi-open-loop transmission scheme within existing TM8/9/10.    

Proposal 2: DMRS based semi-open-loop transmission should be introduced within existing transmission mode, i.e. TM8/9/10
There are two options to indicate close-loop or semi-open-loop transmission in a given TM: 

Option 1: semi-persistent configuration by RRC. 
In this option, a semi-open-loop state is signalled by RRC message, and associated PDSCH transmission is signalled by DCI. eNB needs to trigger RRC re-configuration to set the UE in the semi-open-loop state. If the semi-open-loop state is activated, detailed PDSCH transmission, including number of layers, should be informed to UE by DCI. 

Option 2: dynamic switching between close-loop and semi-open-loop transmission. 
In this option, DCI signalling is used to indicate switching between close-loop and semi-open-loop transmission. For example, firstly, RRC re-configuration can be used to inform UE a state, where UE can be dynamically scheduled with either semi-open-loop PDSCH or close-loop PDSCH transmission by DCI. Then, DCI 2C/2D can be used to inform UE the detailed PDSCH transmission, including number of layers, and RE-level operations for close-loop or semi-open-loop.
Compared to option 1, dynamic switching can bring in many benefits. Firstly, if the RRC based switching is considered, based on a conservative estimation, the duration for eNB to complete layer-2 measurements, make the decision on switching and complete the RRC reconfiguration can take several seconds. The delay will cause transmission mode mismatch and degrade downlink performance. Secondly, if we consider that inter-cell interference caused by close-loop transmission can be suppressed by advanced receiver, the interference caused by beamformed semi-open-loop transmission, which is hard to suppress in advanced receiver, can also be minimized by dynamic switching. Therefore, we prefer to use option 2 to indicate semi-open-loop transmission.

Based on the above discussion, we have the following proposal
Proposal 3: Support dynamic switching between close-loop and semi-open-loop transmission, while DCI signalling should be considered to indicate transmission schemes.
2.3 Beamformed transmission assumptions for dual stage codebook

In RAN1 #86bis, for beamformed transmission assumptions on W2(j) when dual stage codebook based PMI feedback is considered, the conclusion is to down-select from 3 options. In the following, the 3 options are discussed respectively. 
For option 1, fixed beam is used, which may be selected from W2 beams in Rel. 13/14 dual stage codebook. As shown in the companion contribution [2], performance gain can be observed in medium speed scenarios if selected W2(j) beams are used at subband level based on the feedback of sub-sampled i2. However, in high speed scenario, fixed beam may not be able to capture most of diversity gain, and therefore is not preferred.

For option 2, W2 beams are cycled at PRG level with defined cycling pattern. This could bring in diversity gain in high speed scenario. Based on this, the size of PRG should be optimized to maximize the degree of diversity. Ideally, since eNB may have some statistics on the delay spread, which is highly related to the degree of frequency diversity, the size of PRG should be configured by RRC from eNB. It is also acceptable if the size of PRG is fixed at a small value, e.g., 2 or some value that is not greater than the size of subband defined in previous releases, so as to fully capture the diversity gain. For the selection of beams that used for cycling, since W1 is already fixed in wideband, it is also straightforward to reuse the W2 beams in Rel. 13/14 dual stage codebook for cycling. Anyway, other schemes are also acceptable if significant gain can be observed.

For option 0, if it refers to the scheme that the selection of the W2 beams in RB level cycling are based on a group of W2(j) reported by UE, while the reporting scheme can be selected from cobebook subset restriction, Hybrid CSI or other reporting schemes, then the gain obtained compared to defined cycling pattern, i.e. without reporting, should be justified especially if the overhead of reporting is not trivial.

Proposal 4: For dual stage codebook, UE assumes the following beamforming based on the CSI reporting type indicated by RRC signaling:
· If only wideband PMI is reported, UE assumes per-N-PRB-pair beams cycling, where cycled beams are subsampled i2 beams. 
· If both wideband and subband PMIs are reported, UE assumes fixed beam at each subband selected by subband PMI.
3 Conclusions
This contribution discusses the transmission scheme for DMRS based semi-open-loop. We propose
Proposal 1: Rank-3/4 semi-open-loop transmission is not specified in Rel. 14, but can be re-considered in later release.
Proposal 2: DMRS based semi-open-loop transmission should be introduced within existing transmission mode, i.e. TM8/9/10.

Proposal 3: Support dynamic switching between close-loop and semi-open-loop transmission, while DCI signalling should be considered to indicate transmission schemes.
Proposal 4: For dual stage codebook, UE assumes the following beamforming based on the CSI reporting type indicated by RRC signaling:
· If only wideband PMI is reported, UE assumes per-N-PRB-pair beams cycling, where cycled beams are subsampled i2 beams. 
· If both wideband and subband PMIs are reported, UE assumes fixed beam at each subband selected by subband PMI.
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