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1. Introduction
In RAN1#85 it was agreed to introduce DMRS-based OL-MIMO in LTE:
Agreements:

· DMRS-based semi-open-loop

· Specify enhancement to support DMRS-based semi-open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas 

· CSI reporting scheme with partial PMI feedback, and/or 

· Transmission method with transmit diversity and/or precoder cycling, with possible enhancements to precoder bundling 

· Associated enhancements to DMRS if required

· Further system level simulations (e.g. considering wideband scheduling and BLER targets at high speed) will be conducted in order to identify the exact scheme to be specified. 

In this contribution we summarize our views on transmission scheme and DMRS enhancements. CSI enhancement is discussed in a companion contribution (c.f. [3]).
2. Discussion
2.1. Precoder cycling granularity

The granularity of precoding cycling can be per-RE, per-subcarrier, per PRB or per-PRB group. A smaller cycling granularity is beneficial for diversity gain and throughput performance, especially in scenarios where PDSCH allocation is in a small bandwidth (e.g. small FTP packet size, high-load scenarios with a large number UEs). 

Figure 1 recaptures the system-level performance comparison of per-RE cycling (opt 3) and per-PRB-pair cycling (opt 1) shown in the last meeting (c.f. [2]), where per-RE cycling demonstrated up to 30% cell-edge UPT and 15% mean UPT gain over per-PRB-pair cycling. In light of the significant gain, a small cycling granularity (i.e. per-RE) is preferred. This is also aligned with the cycling granularity of CRS-based OL-MIMO and allows leveraging the existing CRS-based channel estimation filter design.
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Figure I: Performance of semi-open-loop MIMO,
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=2.7, 3D-UMa (Left: 5% UPT Right: Mean UPT)
Proposal:  Adopt per-RE precoder cycling.  
2.2. Transparent vs. non-transparent 

Two OL-MIMO designs have been identified in the previous meetings, e.g. non-transparent and transparent OL-MIMO.

· Transparent OL-MIMO: 

· Advantage: 

Legacy DMRS principle is retained. 
· Disadvantage: 
To reuse the existing DMRS, OL precoding granularity has to be equal to or larger than CL-MIMO PRB bundling size, which results in suboptimal performance. To enable per-RE precoder cycling, new DMRS needs to be introduced. Regardless, new channel estimator needs to be implemented. 
· Non-transparent OL-MIMO: 

· Advantage:  

No new DMRS is needed. Arbitrary precoding granularity can be supported. 
· Disadvantage: 
New channel estimator needs to be designed. 
As can be seen, new channel estimator is required for both transparent and non-transparent design. A decision therefore has to be made based on the tradeoff between system performance and new DMRS design specification efforts. Per-RE cycling can be achieved by non-transparent OL-MIMO with existing Rel.13 DMRS, or by transparent OL-MIMO with new Rel.14 DMRS. In our view, new DMRS has major standard and implementation impacts (e.g. collision between various pilot signals, co-existence of different releases UEs) and should be avoided unless it is absolutely necessary. From this perspective our preference is non-transparent OL-MIMO.
Proposal: Adopt non-transparent semi-open-loop, based on Rel.13 DMRS.
2.3. Rank-1: TxD vs. beamforming

For rank-1, TxD and beamforming are two precoding cycling options. For TxD, a wideband PMI is reported to indicate the long-term beam direction. The wideband PMI virtualizes the physical antennas into M DMRS ports, on which TxD is applied.
It is well known that TxD offers extra diversity gain compared to beamforming, as evidenced by simulation results in the last meeting (c.f. [2]). The disadvantage of TxD is the orphan RE when the number of available resources is not even. Weighing the pros and cons, prioritizing the system throughput is preferred, which is the reason to introduce open-loop in the first place. Orphan RE can be addressed in a similar manner as in previous LTE releases. 
Proposal: Adopt TxD for rank-1. 
2.4. DMRS ports and rank
The number of DMRS ports M should be equal to or greater than the transmission rank R. 

· For rank-1 and 2, M can be 2, 4 or 8.

· For rank-3 and 4, M can be 4 or 8.

· For rank up to 8, M can be 8.

M =2 DMRS ports has an overhead of 12RE/PRB, while M = 4/8 has an overhead of 24 RE/PRB. Considering the DMRS overhead, M = 2 is preferable for rank-1 and 2 transmission. If rank-3 and 4 transmission is to be supported for OL-MIMO, M = 4 DMRS ports is preferred. OCC=2 or OCC = 4 DMRS can be further discussed for rank-3/4. 
It is unclear if rank>4 OL-MIMO is needed, as the probability of having more than 4 layers PDSCH is questionable for high-speed UE. 
Proposal: Supports at least rank-1/2. Rank-3/4 is FFS.
· M  = 2 DMRS ports for rank -1 and 2

· M = 4 DMRS ports for rank-3 and 4 (if supported).
2.5. PDSCH transmission
As discussed in c.f. [3]. CSI assumes precoding on the ith resource element in the form of 
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where 
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 is the 1st PMI of size NT x M (without cycling), and 
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 is the 2nd PMI of size M x R (with cycling). Herein NT , M and R denote the number of CSI-RS ports, DMRS ports and transmission rank, respectively. Wideband PMI1 (corresponding to 
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) is not reported. 
For data transmission, PDSCH is precoded by 
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, and DMRS is virtualized by 
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. To demodulate PDSCH from DMRS, only the knowledge of 
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is not needed for PDSCH demodulation, because it has already been included in the effective channel of DMRS. 
Summarizing the above, PDSCH transmission for rank 1 and rank-2 is provided in the following sections. For rank-3/4, further discussion is needed concerning their use case for semi-open-loop. 

2.5.1 Layer mapping

For rank-1 and rank-2, layer mapping is summarized in the following, same as previous LTE releases. 
	Ranks
	Number of layers
	Number of codewords
	Codeword-to-layer mapping
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2.5.2 Precoding 
PDSCH transmission is expressed as 
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where 
· Rank-1: 
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· Rank-2:  
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3. Conclusions

In this contribution we discussed PDSCH transmission and DMRS enhancements for semi-open-loop MIMO. Based on the discussion our current preference is below. 
Proposal: 

· Adopt per-RE precoder cycling.  
· Adopt non-transparent semi-open-loop, based on existing Rel.13 DMRS.
· Supports at least rank-1/2. Rank-3/4 is FFS.

· M  = 2 DMRS ports for rank -1 and 2

· M = 4 DMRS ports for rank-3 and 4 (if supported).
· Introduce antenna port 31 – 32 for semi-open-loop MIMO. 
· If rank-3/4 is to be supported, ports 33 – 34 are introduced. 

· Layer mapping and PDSCH precoding is provided in section 6.2.6.
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