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1 [bookmark: _Ref409106980]Introduction
In 3GPP RAN #71 meeting, enhancements on FD-MIMO for LTE was agreed [1] for Release 14. One of the key objectives is to study DMRS based open or semi open loop enhancement schemes with existing number of CSI-RS ports as well as the newly supported number of CSI-RS ports. Existing LTE diversity schemes like LD-CDD, SFBC are designed to support up to 4 CRS ports that cannot be directly extend for larger number of TXRUs. Hence to support high mobility users and to minimize high periodic feedback of PMIs for multiple CSI-RS ports, it is necessary to study DMRS based schemes which can exploit transmit diversity which is tolerant to channel variations at high speed.
Further in RAN1 #85 [2], it is agreed to:
· 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.

This contribution proposes semi-open loop scheme with only CSI resource indicator (CRI) or partial wideband precoding matrix indicator (I1) reporting by the UE and I2 precoder cycling over the resource blocks. Additionally, a new CQI computation mechanism and reporting scheme for the semi-open loop scheme is also proposed. The comparison between closed loop and semi-open loop schemes is presented.
2 Discussions on open/semi-open loop scheme
Closed loop transmission schemes requires high UE complexity and high feedback overhead, it is useful to increase the performance for the low or fixed UEs. However, the UEs with high speed, the PMI and the corresponding CQI fed back at a given subframe will not be valid after few subframes and hence needed more aggressive feedback updates. The CQI mismatch can lead to more transport block errors and hence higher number of HARQ retransmissions, resulting in reduced average cell throughput due to increase of CQI offset in the outer-loop link adaptation. Hence the eNB needs to reduce the dependency of the stale precoder and it’s not worth for frequent feedback reporting, high overhead and considering UE complexity. To get the average and robust performance in the high Doppler scenario, we need open/semi open loop schemes for FD-MIMO. 
With the current DMRS based transmission schemes especially in TM9 and TM10, proprietary resource block level precoder cycling schemes can be implemented. In TDD, implementing this scheme could be beneficial by applying reciprocity principle. However, it has several issues like less diversity gain compared to subcarrier level cycling, deriving diversity CQI from the reported CQI etc. 
To address the above issues, there can be the following alternatives. First alternate could be cyclically re-use multiple precoders over the scheduled resource blocks with more accurate CQI measurement support. An eNB would apply precoding to PDSCH transparent to a UE, which gives the opportunity to deploy open loop MU-MIMO schemes as well. The second alternative could be subcarrier level precoders cycling similar to TM3, with the existing DMRS or an extended DMRS. This will average the precoder errors for that subframe and hence expected to provide stable CQI for higher mobility with lower feedback overhead. 
The semi-open loop MIMO scheme is a better candidate than open loop schemes provided there is a limited feedback on CRI and/or I1. In 60 kmph and 120 kmph UE velocity, the reported I1 preocder is stable. Hence, eNB use the I1 precoder and the subset of the I2 precoders from the codebook are cycled over the scheduled resource blocks. This scheme can be implemented proprietarily in TM9/TM10. However, the current CQI measurement and reporting mechanism in TM9/TM10 result in mismatch of CQI between the reported and actual CQI seen by the UE and it limits the performance. Hence, there is a scope for improvement in CQI measurement for this scheme. We propose to compute the CQI by considering the reported CRI / I1 and I2 precoder cycling over the resource blocks.
3 Evaluations semi-open loop scheme

Fig. 1: Performance of closed-loop and semi-open loop schemes
We evaluated the performance of closed loop and semi-open loop for different CQI periodicity (2 ms, 5 ms, 10ms and 20 ms) with UE speed of 120 kmph in Fig. 1. The detailed simulation assumptions are placed in the appendix. In semi-open loop scheme, we used only wideband I1 feedback and the corresponding wideband CQI.  Here, I1 and CQI selection is assumed I2 precoder cycling. In closed loop scheme, we used I1, I2 and wideband CQI feedback. The results show that the performance of semi-open loop is more robust compared to closed loop with reduced feedback overhead. From 10 ms PMI and CQI periodicity onwards, the average spectral efficiency for semi-open loop scheme is higher than closed loop schemes. Similar trends also observed in cell-edge spectral efficiency from 5 ms periodicity onwards. Furthermore, the feedback overhead is very less considering only I1 feedback and less frequent reporting.

Fig. 2: PDF of  in 10 ms periodicity
Further, we studied the stability of the wideband long term precoding indicator (I1). The Fig. 2 shows the PDF of which is the difference between the successive I1 reports. We can infer that the I1 is not varied much over the time, and hence we can use I1 feedback with sufficiently longer periodicity (in the order of 10 or 20 ms) and I2 can be cycled over the resource blocks. In this case, the semi-open loop scheme is more robust and save lot of feedback overhead.
Proposal 1: Proposing DMRS based semi-open loop scheme in which limited UE feedback including CSI resource indicator (CRI) or I1 and precoder cycling over the resource blocks
Proposal 2: Proposing a CQI measurement scheme at UE assuming I2 precoder cycling with CRI / I1 for the semi-open loop scheme
4 Conclusions
Base on the discussions above, we have the following proposal and observations. 
Proposal 1: Proposing DMRS based semi-open loop scheme in which limited UE feedback including CSI resource indicator (CRI) or I1 and precoder cycling over the resource blocks
Proposal 2: Proposing a CQI measurement scheme at UE assuming I2 precoder cycling with CRI / I1 for the semi-open loop scheme
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Appendix – Simulation assumptions
	Parameters
	Value

	Scenarios
	3D-UMa ISD 500m

	Polarized antenna modeling
	Model -2 from 36.873

	Traffic model 
	Full buffer 

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 5% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2GHz

	Network synchronization 
	Synchronized

	UE Speed 
	120km/h

	UE distribution 
	Randomly and uniformly distributed over
area. 100% of users outdoors in vehicles

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 assumptions

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Feedback 
	Baseline: PUCCH 1-1 for the closed-loop
Semi-open loop: PUCCH 1-1 with only I1

	
	Implicit CSI feedback (CQI, PMI and RI) triggered per 2 ms, 5ms ,10 ms and 20 ms

	
	Feedback delay is 5 ms

	Overhead 
	3 symbols for DL CCHs and 2 CRS ports
DMRS overhead - 12 REs for both closed-loop and semi-open loop

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	CSI-RS periodicity
	5, 10 and 20 msec



Closed loop Vs Semi-open loop

2	
Avg SE	Cell edge SE	Avg SE	Cell edge SE	Closed loop	Semi-open loop	1.5	0.3	1.38	0.25	5	
Avg SE	Cell edge SE	Avg SE	Cell edge SE	Closed loop	Semi-open loop	1.38	0.23400000000000001	1.38	0.249	10	
Avg SE	Cell edge SE	Avg SE	Cell edge SE	Closed loop	Semi-open loop	1.33	0.22700000000000001	1.37	0.246	20	
Avg SE	Cell edge SE	Avg SE	Cell edge SE	Closed loop	Semi-open loop	1.29	0.2	1.36	0.253	
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