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1. Introduction

It was agreed in RAN1#85 to standardize DMRS-based open-loop scheme in Rel.14. After extensive discussion in RAN1#86bis, the following agreements were reached on PDSCH transmission schemes and CSI feedback assumption:

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
· 
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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 present our views on the remaining FFS issues. 

2. PDSCH transmission scheme and CSI feedback
It was agreed to support SFBC for rank-1 and RE-based co-phasing cycling for rank-2. For both rank-1 and rank-2 PDSCH transmission, antenna ports 7/8 are used for the demodulation of PDSCH.

The virtualization of DMRS antenna ports 7/8 has the following impacts:
· PDSCH demodulation: PRB pairs with the same DMRS virtualization can be bundled together for channel estimation. This is analogous to PRB bundling over a set of consecutive PRBs for closed-loop. However for open-loop, bundling is over non-consecutive PRB, unless wideband beamforming is applied. 
· CSI feedback: The virtualization of DMRS implicitly determines the precoding hypothesis for PDSCH, and needs to be known for the purpose of CSI feedback. 

Three options were identified in the last meeting regarding the virtualization of DMRS/PDSCH for the purpose of CSI feedback calculation, 

· Option 0: without 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

A comparison of three options is provided below.

· With option 0, precoding on DMRS is either wideband or unspecified:
· For example, the cycling pattern is completely undefined and the UE assumes the minimum PRB bundling size of a single PRB. This achieves the maximum precoding flexibility as an arbitrary precoder can be chosen for each PRB, but it comes at the expense of diminished PRB bundling gain and is less preferable. 

· It is also possible that a fixed wideband i2 precoding matrix is configured by codebook subset restriction. As i2 precoding is wideband, PRB bundling is across the entire system bandwidth. Although it achieves the maximum bundling gain, its performance gain over a smaller bundling bandwidth is not expected to be significant, as known from Rel.10 DMRS studies. On the other hand, frequency diversity gain from precoder cycling is not attainable. Considering deployment scenarios where a dominant propagation path exists and the frequency domain correlation is high (e.g. rural macro), the lack of frequency diversity gain is expected to adversely impact the system performance. 
· It is also possible to utilize hybrid CSI feedback, where CSI of the 1st eMIMO-type reports a long-term beam group, which is used by the eNB to transparently implement precoders cycling on beamformed CSI-RS of the 2nd eMIMO-type. Although it achieves the maximum precoding cycling gain, it is unclear if such flexibility justifies the specification complexity. Additionally, in general it is not preferable to couple two features together (e.g. open-loop and hybrid CSI) as it restricts UE implementation and operators’ deployment flexibility. Furthermore, as the feedback delay is doubled due to two-step report, CSI staleness in high-speed channel will be more severe and  adversely impact the system performance.
· With option 1, a fixed beam is selected from the group of beams indicated by W1, and used for wideband virtualization of DMRS. As discussed above, this approach results in diminished precoder cycling diversity.

· With option 2, a pre-determined cycling pattern is defined. Compared to option 0 and option 1, it achieves a reasonable tradeoff between specification complexity, UE implementation complexity, frequency diversity gain and PRB bundling gain. Hence, this approach is slightly preferred.
Proposal:

· Adopt option 2 with pre-determined cycling pattern on the PRB level e.g. W2 beam selection is cycled within the 1st,2nd, 3rd and 4th beam of the W1 matrix. 

3. Transmission mode and DCI format

Semi-open-loop can be supported in a new transmission mode (e.g. TM11), or supported in existing TM9/10 with a new DMRS table. With the latter approach, the new DMRS table is RRC configured. 
We do not see any technical differences between these two approaches. Similar discussion took place in Rel.13 regarding enhanced DMRS with OCC-4 for higher-order orthogonal DL MU-MIMO, where new DMRS table was adopted. Based on the same considerations, TM9/10 with RRC configured DMRS signaling table is preferred.  An exemplary signal table is provided below. 
Table I: Antenna port(s), scrambling identity and number of layers indication
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7-8, nSCID=0
	0
	2 layers, ports 7-8, nSCID=0

	1
	1 layer, port 7-8, nSCID=1
	1
	2 layers, ports 7-8, nSCID=1

	2
	2 layer, port 7-8, nSCID=0
	2
	Reserved

	3
	Reserved
	3
	Reserved


4. Conclusions
In this contribution we presented our views on the remaining FFS issues of semi-open-loop. Our current views are summarized below.

Proposal: 

· Adopt option 2 with pre-determined cycling pattern on the PRB level, e.g. W2 beam selection is cycled every 2 PRB from the 1st,2nd, 3rd and 4th beam of the W1 matrix. 

· Support semi-open-loop with RRC configured DMRS mapping table in TM9/10.
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