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Introduction
In 3GPP RAN1#86bis, the following were agreed for DMRS based semi-OL transmission and CSI reporting [1].
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
· 

· Rank-2:  co-phasing cycling
· 
[image: ]
· 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 further discuss the remaining issues with DMRS based semi-open-loop transmission.
Discussion
Assumption on DMRS port precoding
In RAN1#86bis meeting, it was agreed that the RE level PDSCH transmission is supported for semi-OL transmission by using SFBC for rank 1 and co-phase cycling for rank 2, respectively. One remaining issue is the assumption on DMRS ports precoding for mapping to N CSI-RS ports when calculating the CQI. Three options were proposed for further study and to be down-selected. We will present our views for these options in the following section.
Option 0 assumes no precoder cycling on frequency domain for DMRS port. This could be due to only one valid precoder available for i2 by codebook subset restriction. For option 1, fixed beam selection is used for all the RBs. The fixed beam selection can be predetermined, such as using the first available codebook in the i2. Different from the other two options, the option 2 assumes a precoder cycling for DMRS ports for calculating the CQI where the cycling is done per-N-PRB-pair according to a defined cycling pattern. If the eNB uses the same precoder cycling for DRMS ports precoding in the subsequent PDSCH transmission, the reported CQI may accurately reflect the channel condition. However, it is noted that semi-OL transmission is typically used for medium and high mobility, the channel variation due to mobility will lead to a large CQI mismatch even with the same precoder assumption between UE and eNB. Another issue with option 2 is that there is unnecessary restriction on DMRS port precoding for PDSCH transmission. In TM3, CRS is not precoded and there is a need to predefine a precoder cycling pattern over the RBs. But for DMRS-based semi-OL transmission, the precoding on DMRS port 7 and 8 is transparent to UE and a predetermined DMRS port cycling pattern by Option 2 is not needed. Therefore, we prefer to use option 1 with fixed beam selection for CQI calculation. The CQI mismatch due to different DMRS precoder assumption between UE and eNB will be lower than the CQI mismatch caused by channel variation. The CQI mismatch can be alleviated by the network implementation, e.g., based on the outer-loop link adaptation. Additionally, the four beams in W1 matrix are adjacent and the performance difference is expected to be small between fixed and dynamic beam selection. In terms of the specification impact, option 1 also requires the minimum specification efforts compared to the other options.
Proposal 1: For the purpose of CSI feedback, UE assumes fixed beam selection for beamforming on DMRS port 7/8 

[bookmark: _Ref378529477]Multi-CRI reporting for Class B K>1
It was agreed that the semi-open-loop transmission shall support also Class B with K>1. Two CSI reporting schemes can be considered. The first is that UE will report one CRI and RI/CQI associated with the selected CSI-RS resource. The diversity transmission is achieved by precoding cycling for the selected CSI-RS resource. If the CSI-RS resource is precoded with a narrow beam, such as UE specific beamforming, then the coverage of each CSI-RS resource is quite limited. For high mobility UE it is preferred transmission over multiple CSI-RS resources to improve the diversity. To support this, two or more CRI can be reported assuming the cycling is over a subset of CSI-RS resources. The size of the subset can be semi-statically configured by higher layer signaling or feedback by UE. 
Proposal 2: CSI reporting for semi-open-loop transmission with Class B K>1 shall allow cycling over a subset of CSI-RS resources.
Precoding bundling enhancement
Precoding bundling can be applied also to semi-OL transmission. In current specification, the bundling size is fixed and dependent on system bandwidth, e.g., 1, 2 or 3 RBs. The fixed bundling size may not be efficient for semi-OL transmission. Since there is a RE level PDSCH diversity transmission, for large RB allocation it is preferred to use a large bundling size to improve channel estimation performance. Similarly, for small and medium RB allocation, a small bundling size is useful since the RE level PDSCH transmission may not achieve sufficient diversity. To be balanced between channel estimation performance and diversity gain, an adaptive bundling size based on the assigned bandwidth can be considered. Additionally, a subcarrier group level bundling can be further considered to increase diversity gain for one RB allocation. As shown in Figure 1, the 12 tones per RB can be divided into 3 subcarrier groups each associated with a set of 4 DMRS tones with same subcarrier index. By applying different precoders to each subcarrier group, an increased frequency selectivity can be achieved. 
[image: ]
Figure 1. Subcarrier-group level bundling for semi-OL transmission
Proposal 3: Precoding bundling can be enhanced for semi-OL transmission with adaptive bundling size based on the bandwidth allocation to tradeoff between channel estimation performance and increased frequency selectivity.

Transmission mode 
It can be seen that semi-OL transmission is quite different from the legacy DMRS based transmission. For CSI feedback, partial PMI is reported together with RI/CQI. For the unreported PMI, UE will use a precoder assumption to calculate the CQI. This is different from the existing CSI feedback where the CQI is calculated based on a reported CQI. For PDSCH transmission, only rank 1 and 2 can be supported with a RE level transmission scheme, e.g., SFBC and co-phasing cycling. For SFBC based PDSCH transmission, there is performance issue with MMSE-IRC receiver as reported in [2]. This is due to Rnn misalignment between DMRS ports and PDSCH symbols and a detailed analysis can be found in [3]. Therefore, UE receiver shall be adapted when the semi-OL transmission is configured. It is not possible to use a single receiver for both legacy DMRS based transmission and the newly defined semi-OL transmission.
Another issue is the MU-MIMO support for semi-OL transmission. It seems not possible to use Rel-13 OCC4 DMRS for orthogonal multiplexing of DMRS ports of different UEs. Since the semi-OL transmission needs to use two DMRS ports for both rank 1 and 2 transmission, it is difficult to have orthogonal MU-MIMO transmission with OCC2 DMRS. If quasi-orthogonal DMRS ports are used, the channel estimation performance loss would reduce the achieved throughput gain from MU-MIMO. Therefore, the support of MU-MIMO for semi-OL transmission needs to be discussed. It is noted that no matter whether MU-MIMO is supported a new DCI format is needed for indication of the newly supported rank 1 SFBC and rank 2 co-phase cycling transmission. 
From the above discussion, it is justified to add a new transmission mode e.g. TM 11 for semi-OL transmission. Rel-14 UE can be semi-statically configured via RRC signaling for semi-OL transmission by using TM 11.
Proposal 4: The semi-OL transmission is supported with a new transmission mode.
Conclusions
In this contribution, we discuss the remaining issues with DM-RS based open-loop and semi-open-loop transmission. We propose:
Proposal 1: For the purpose of CSI feedback, UE assumes fixed beam selection for beamforming on DMRS port 7/8 
Proposal 2: CSI reporting for semi-open-loop transmission with Class B K>1 shall allow cycling over a subset of CSI-RS resources.
Proposal 3: Precoding bundling can be enhanced for semi-OL transmission with adaptive bundling size based on the bandwidth allocation to tradeoff between channel estimation performance and increased frequency selectivity.
Proposal 4: The semi-OL transmission is supported with a new transmission mode.
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