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1. Introduction
CRS-based MIMO supports both CL (TM4) and OL (TM3) modes in Rel.8. CL-MIMO is suitable for low-speed static channel where channel varies slowly and CSI feedback can reflect the actual PDSCH quality even after a certain scheduling/feedback delay. In non-static channel (e.g. high-speed), CSI feedback delay severely deteriorates the CSI accuracy, therefore CL-MIMO tends to suffer significant performance loss. On the contrary, OL-MIMO provides much more robust performance against fast channel fading and other non-idealities in real-life deployment, and hence widely deployed in commercial LTE networks. 
To reduce CRS overhead, allow flexible precoding with large antenna array, minimize energy assumption and better utilize MBSFN subframe, LTE MIMO has been quickly shifting to DMRS-based transmission since Rel.9. However, only CL-mode is supported.  To combat real-life channel non-idealities, OL-MIMO is considered a promising enhancement. This is captured in the WI on FD-MIMO enhancement (c.f. [1]): 

· Evaluate and, if needed, specify enhancement to support DMRS-based 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 [RAN1]
· Necessary CSI reporting scheme, including with and without PMI; and/or

· Necessary open-loop transmission scheme
As can be seen, two areas need to be studied, namely CSI feedback and PDSCH transmission. These are closely related aspects since PDSCH precoding needs to be aligned with CSI precoding in order to benefit from the OL robustness. CSI enhancement is generally more critical for OL enhancement, whereas transmission scheme may or may not be explicitly defined in the spec, depending on the CSI design. Hence, these two aspects should be discussed together in a holistic manner. This contribution presents our views on these two issues.
2. General guideline 
For CRS-based OL-MIMO, the general idea is to stabilize the precoded channel by introducing precoding randomness within a CQI subband. Contrary to CL-MIMO where a unique optimal PMI is selected (which is sensitive to channel variation), precoding randomness within a CQI subband renders the precoded channel more stable in the time domain, thereby increasing robustness against large Doppler. Consequently, as the number of precoding pattern (*) within a CQI subband is reduced (to as low as 1 fixed cycling format in TM3), PMI overhead is also decreased.  An OL precoding pattern is defined as a precoding hypothesis on different fractions of a CQI subband. For example, TM3 has one fixed OL precoding pattern, using SFBF for rank-1 and precoder cycling for rank 2-4.

The same principles can be extended to DMRS-based OL, leveraging existing TM3 mechanism for greater synergy and minimized specification/implementation impact. For 2/4Tx CSI-RS, OL-MIMO based on TM3-like precoding cycling or SFBC method can be evaluated. Such study can be based on Rel.8 2/4Tx codebook (as in TM3) or with the newly introduced Rel.12 4Tx codebook and the Rel.13 4Tx codebook for beamformed CSI-RS. For more than 4Tx configuration, SFBC or precoding cycling can both be considered, based on the legacy 8Tx codebook, enhanced 8Tx codebook for FD-MIMO and other FD-MIMO codebook (e.g. 12/16Tx).
To reduce specification impact and implementation complexity, new CSI-RS and DMRS designs should be avoided, unless significant performance gain can be shown otherwise.
Proposal:  
· Introduce precoding randomness within a CQI subband. 

· Minimize pilot redesign (CSI-RS and DMRS), unless significant gain can be shown.

3. Possible enhancements
Existing DMRS-based CL-mode applies the same precoding vector on DMRS and PDSCH (at least in the same PRB pair), so that the effective precoded channel on DMRS can be used for PDSCH demodulation. This transparency eliminates the need to signal the precoding matrices in the DL control signaling, a fundamental principle since Rel.9. Depending on whether a departure from this principle is considered, different OL-MIMO schemes are possible. In the sequel we discuss two OL-MIMO schemes referred to as non-transparent OL-MIMO and transparent OL-MIMO, where transparency refers to using the same precoding vector on DMRS/PDSCH, and non-transparency otherwise. 
3.1. Non-transparent OL-MIMO

With non-transparent OL-MIMO, eNB precoding on PDSCH and DMRS are no longer identical. Hence, UE cannot directly utilize the precoded channel measured on DMRS to demodulate PDSCH, but requires knowledge of the open-loop precoding pattern in order to decode the PDSCH. The following two schemes can be adopted for non-transparent OL-MIMO.
3.1.1. OL-Precoding

We take the case of 2 CSI-RS/DMRS ports for example. Firstly, the same TXRU-to-port virtualization is used to generate two beamformed CSI-RS ports (e.g. port {15, 16}) and two beamformed DMRS ports (e.g. {7, 8}). Note this step of virtualization is completely standard-transparent and requires no standardized support, denoted as Stage-2 in Figure 1 (the shaded block). This step is also optional for eNB with 2/4 TXRU. Secondly, UE performs CSI measurement on beamformed CSI-RS ports {15, 16} to report CSI under a pre-defined open-loop precoding scheme. This open-loop precoding scheme is standard non-transparent and must be specified (similar to TM3). Example of OL-precoding may be precoder cycling, transmit diversity or a combination thereof, whereas the exact design may be different than TM3. 
For downlink data transmission, DMRS is precoded by Stage-2 virtualization (standard-transparent), while PDSCH is precoded by Stage-1 OL-precoding (standard-non-transparent) and Stage-2 virtualization (standard transparent). 
CRS-based TM3 has a pre-defined OL precoding pattern, thus no PMI report is needed. For DMRS-based OL-scheme, 

· If N = 1 OL-precoding pattern is defined, no PMI feedback is required. No precoding signaling is needed in DL control message since precoding operation will be defined in the specification. 
· If N > 1 precoding-formats are available, the UE may choose one of N available OL-precoding pattern and report its index as a reduced payload PMI. For PDSCH demodulation, downlink control signalling needs to signal the actual OL-precoding pattern on PDSCH. 
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Figure 1: Non-transparent OL-precoding
Summary of specification impact:

· CSI feedback:  
· A total of 
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OL-precoding patterns needs to be defined the specification for Stage-1 precoding (e.g. SFBC or cycling). UE uses 
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bits to report the optimal OL-precoding pattern (similar to PMI) for Stage-1. N can be equal to or greater than 1.
· PDSCH transmission:  

· DL grant uses
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bits to indicate the PDSCH precoding matrices.

· The number of DMRS ports is no longer equal to the number of PDSCH layers, but equal to the number of CSI-RS ports. 

3.1.2. Hybrid non-transparent OL-precoding and CL-beamforming
This alternative is actually a mixture of OL-MIMO and CL-MIMO, comprising two steps of precoding/beamforming:
· Stage-1 OL precoding: Mapping 
[image: image5.wmf]L

 layers of unprecoded data to 
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 layers of precoded data. A total of 
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 OL-precoding pattern needs to be specified.  A PMI1 feedback of payload 
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bits is needed to report the selected OL pattern. 
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can be 1.
· Stage-2 CL beamforming: Mapping 
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layers of precoded data and DMRS ports to 
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 CSI-RS antenna ports. This step requires CSI feedback to support closed-loop beamforming. A PMI2 feedback is needed, possibly with a very small codebook.
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Figure 2: Hybrid non-transparent OL-precoding and CL-beamforming
Standardization impact is similar to section 3.3.1, except that UE will report PMI1+PMI2, where PMI1 payload can be 0, if 
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3.2. Transparent OL-MIMO

With transparent OL-MIMO, the existing DMRS principle is retained where the same precoding vectors are applied to PDSCH and DMRS. UE can use the channel estimation on DMRS to directly demodulate PDSCH. 
Summary of specification impact:

· CSI feedback: 

· Different resources in a CQI subband are precoded with different precoding matrices (e.g. cycling). N candidate mapping patterns can be defined, 
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bits is used to report the recommended OL-pattern. 
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corresponds to pure “open-loop” without PMI feedback, and 
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corresponds to  “semi-open-loop” with limited PMI feedback (e.g. cycling is performed on i2, and not on i1).
· PDSCH transmission:  There may be different spec impact based on cycling granularity (PRB-pair, PRB, resource element, or subcarrier)

· For cycling on PRB pair, Rel.13 DMRS can be reused. Additional signaling to enable/disable channel averaging across PRB pairs may be needed.

· For cycling on smaller granularity (e.g. resource element or subcarrier), it may or may not be feasible to reuse the Rel.13 DMRS for channel estimation. If a cycling scheme requires new DMRS design, it should be justified by sufficient performance gain

4. Evaluation results
This section provides the evaluation result of TM9 CL-MIMO at different speeds. From the results, it can be found that CL-MIMO suffers significant performance degradation at medium-high mobility, especially in FTP traffic.
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Fig. 1: CL-MIMO performance, full buffer, 3D-UMi  
Fig. 2: CL-MIMO performance, full buffer, 3D-UMi
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Fig. 3: CL-MIMO performance, FTP, 3D-UMi         
Fig. 4: CL-MIMO performance, FTP, 3D-UMi

5. Conclusions

In this contribution, we presented our views on DMRS-based open-loop MIMO. Both transparent and non-transparent OL-MIMO, open-loop and semi-open-loop MIMO are discussed, and the specification impact of different schemes are analyzed.
Conclusion: The following OL-MIMO schemes are identified
· Non-transparent OL-MIMO:

· PDSCH is precoded, DMRS is not precoded. A total of 
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 OL-precoding patterns can be used to precode PDSCH (e.g. TM-3 like SFBC or cycling), where 
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 can be equal to or greater than 1. 
· PMI feedback of 
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bits is used to indicate the optimal OL-precoding pattern. 
· In DL control signaling, 
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bits indicate the PDSCH precoding scheme.
· Hybrid non-transparent OL-MIMO and CL-beamforming
· A total of 
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 OL-precoding patterns can be used to precode PDSCH (e.g. TM-3 like SFBC or cycling), where 
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 can be equal to or greater than 1. 
· PMI1 feedback of 
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bits is used to indicate the optimal OL-precoding pattern.
· DMRS and the precoded PDSCH are beamformed according to PMI2 feedback from UE.
· In DL control signaling, 
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bits indicate the PDSCH precoding scheme.
· Transparent OL-MIMO

· DMRS and PDSCH are precoded with the same precoding vectors. A total of 
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 OL-precoding patterns can be used to map PDSCH to CSI-RS (e.g. cycling), where 
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 can be equal to or greater than 1. 
· A PMI feedback of 
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bit is used to indicate the optimal OL-precoding pattern. 

· In DL control signaling, no indication of precoding scheme on PDSCH
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7. Appendix
	Parameter 
	Value 

	Antenna configuration 
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space;
Vertical: 8 elements, 0.8λ space with fixed downtilt (104( for UMi);
8 TXRUs each of which maps to one column of antenna elements

	Scenario 
	3D-UMi

	System bandwidth 
	10MHz (50RBs) 

	Carrier frequency 
	2GHz 

	UE speed 
	3/30/60/120 km/h 

	Model of cross polarization 
	36.814 

	Traffic model 
	Fullbuffer, FTP traffic (λ=2)

	Scheduling algorithm 
	PF, SU-MIMO 

	HARQ 
	Max 4 retransmissions 

	Receiver
	Realistic channel estimation
Realistic interference estimation

	
	MMSE-IRC receiver

	RI 
	Rank adaption, maximal RI is 2.

	PMI/CQI feedback granularity 
	Subband (8 PRBs) 

	PMI/CQI feedback delay 
	5ms 

	PMI/CQI feedback periodicity 
	10ms 

	RI feedback periodicity 
	120ms 

	CSI-RS periodicity
	10ms

	Wrapping  method 
	Geographical  distance based 

	Handover margin 
	3 dB 

	Overhead 
	3 symbols for DL CCHs, 1 CRS ports, 12REs/PRB for DMRS ports and 8 CSI-RS ports
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