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1. Introduction
This contribution discusses a few outstanding issues on DMRS-based semi-open-loop.
2. Discussion

2.1. PUCCH and PUSCH feedback 

The following CSI contents are reported for semi-open-loop: 
· Single-stage codebook (e.g. 2Tx and Rel.8 4Tx), 
· RI, CQI 

· Dual-stage codebook, 
· RI, CQI and i1 

· Both single-stage and dual-stage codebook 
· CRI, if the CSI-process is configured with more than 1 CSI-RS resources.

First, it is possible to use mode x-0 (x = 1, 2 or 3) for single-stage codebook and mode x-1 for dual-stage codebook. This however implies that CSI reporting mode changes dynamically depending on the codebook structure. For instance, if a CSI-process is configured with two CSI-RS resources, one with 2 ports (SS codebook) and the other with 8 ports (DS codebook), the feedback mode dynamically changes depending on the CRI value (0 or 1). This unnecessarily complicates both specification and implementation. Alternatively it is possible to introduce a new feedback mode (e.g. mode x-3) specifically for semi-open-loop, where partial PMI (i1) may or may not be reported depending on the codebook structure. Due to its extra specification complexity this appears to be an overkill. 
Hence, one can reuse PUCCH/PUSCH mode x-0 for TM3 based open-loop for the DMRS-based counterpart, at least for SS codebook. The feedback content depends on the codebook dimension/structure, which is aligned with past 3GPP practices.  
Proposal:  Support PUCCH/PUSCH feedback mode x-0 (x = 1, 3) for semi-open-loop.
To simplify RAN1 specification and UE implementation effort, it is preferable to reuse the feedback channel design of closed-loop for semi-open-loop as much as possible, by removing the i2 report. Following this principle, PUCCH/PUSCH can be designed as below. 
Proposal: 

· PUSCH: 

· SS codebook (2Tx and Rel.8 4Tx): 
· PUSCH coding/mapping follows that of PUSCH mode 1-0/3-0 for TM3.
· DS codebook:  
· PUSCH coding/mapping follows that of PUSCH mode 1-0/3-0 for TM3, except that i1 is reported. For channel coding, the information bits of i1 are placed prior to that of CQI in the channel coding block. 
· PUCCH
· SS codebook
· A complete PUCCH report has two instances (e.g. RI only, CQI only). RI periodicity is a multiple of CQI reporting periodicity. 
· For DS codebook
· A complete PUCCH report has three instances (e.g. RI, i1, CQI). RI periodicity is a multiple CQI+i1 reporting periodicity. (NOTE: this is based on Class A PUCCH report, except i2 is dropped)
· For Class B CSI-process with K CSI-RS, CRI offset (relative to RI) is 0, and the payload of RI/CRI is 
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2.2. DMRS table

RAN1#87 reached a working assumption to specify only rank-1/2 for semi-open-loop in Rel.14: 
Agreement:

· DMRS based semi-open-loop transmission is introduced within existing transmission mode, i.e. TM9/10
· Configured by RRC signaling
· Semi-open-loop PDSCH transmissions are scheduled only using existing DCI formats 2C/2D with a new DMRS port indication table
· FFS whether semi-open-loop transmission is only with C-RNTI or also with SPS-C-RNTI
· Working assumption: Semi-open-loop is only specified for rank-1/2, unless there is quick consensus on an extension to rank 3/4 in RAN1#88. 
So far there has not been any performance evaluation of rank-3 semi-open-loop transmission. Given the lack of time, it is proposed to confirm the working assumption. 
Proposal: Confirm the working assumption that semi-open-loop is specified for rank-1/2 only. 
A new DMRS mapping table for antenna port, scrambling ID and number of layer indication is therefore needed. Since it has been agreed that semi-open-loop will be based on non-transparent beamforming on port 7/8 (for both rank-1 and rank-2), the table only needs to signal scrambling ID and number of layers. We propose to continue to support two scrambling IDs (nSCID), which is useful to enable non-orthogonal MU-MIMO and potential CoMP dynamic point switching.  A possible DMRS table design is provided below. 
Proposal: Support 2-bits scrambling ID and layer 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


It is to be decided which TM will support semi-open-loop. For closed-loop, the additional feature of TM10 on top of TM9 is RRC configurability of the scrambling ID (nSCID,0 and nSCID,1) and QCL Type B for CoMP operation. With the capability of multiple CSI-processes, it seems straightforward to apply semi-open-loop in CoMP deployment scenario as well (e.g. dynamic point blanking and muting), hence both TM9 and TM10 can be supported. 
We do not see the need of semi-open-loop for TM8, as one of the motivations of semi-open-loop is to eliminate the dependency on CRS.
Proposal: Support semi-open-loop in TM9 and TM10  
· For TM10, both QCL type A and type B are supported. 

The fallback scheme for TM9/10 based closed-loop transmission is single-layer beamforming on antenna port 7. To ensure a unified fallback scheme (e.g. TM switching and RRC reconfiguration), it is proposed to use the same fallback scheme for semi-open-loop as closed-loop.
Proposal:  Fallback scheme for semi-open-loop in TM9/10 is the same as for closed-loop (e.g., rank-1 beamforming on port 7).
	DCI format 1A
	Common and UE specific by C-RNTI 
	· Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

· MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)


Lastly, semi-open-loop is intended to improve the link quality of PDSCH in non-ideal propagation/deployment scenario. It does not hinge on the physical control channel for PDSCH scheduling, and hence should be supported for both PDCCH/EPDCCH.

Proposal:  Semi-open-loop can be scheduled by PDCCH and EPDCCH.
2.3. Orphan RE

SFBC requires a pair of RE in the frequency domain for 2Tx diversity transmission. In case a RE pair is non-continuous in the frequency domain, the channel on the RE-pair becomes less correlated and impacts the SFBC performance. For semi-open-loop, the case of orphan RE occurs in OFDM symbols with an odd number of REs (e.g. OFDM symbols carrying 1/2port CSI-RS and/or DMRS port). 
Following the current specification may potentially leave one RE of a SFBC pair in one PRB and another RE in another non-adjacent PRB (or the next OFDM symbol). When the next PRB allocated to the UE is not continuous with the previous PRB, the orthogonality between a SFBC RE pair is compromised, leading to performance degradation. The issue was discussed in RAN1#87 and the following studying points were identified: 
· For DMRS-based semi-open-loop, 
· Orphan RE due to 2 ports CSI-RS: 
· Same procedure as in Rel.10 
· Orphan RE due to DMRS : down-select from 
· Option A:  1 orphan RE per allocated RB 
· Option B:  1 orphan RE in the last allocated RB (if number of allocated RB is odd)
· Option C: 1 orphan RE in the last allocated RB of every block of continuous RB allocation with an odd RB number
· Other options not precluded
· Location of orphan RE:  corresponding to DMRS ports 9/10 of the last DMRS CDM group (see next slide) 
As the motivation of semi-open-loop is to improve the link quality, keeping the current specification (e.g. no special treatment) is less preferable than addressing the issue by orphan RE in the rate-matching procedures. Among the candidate solutions identified in the previous meeting, there does not appear to be any significant difference in terms of implementation complexities at the eNB or UE. Hence from the system performance perspective it is preferable to choose the solution with the least orphan RE overhead (e.g. option C).
Proposal:  Adopt orphan RE for PDSCH rate matching with option C (e.g. last PRB of every block of continuous PRB allocation with an odd PRB number).
2.4. Applicability to SPS
PDCCH and PDSCH configured by SPS C-RNTI

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 9
	DCI format 1A
	Common and
UE specific by C-RNTI
	Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is configured with higher layer parameter dmrs-tableAlt, Single-antenna port, port 7 or 8, (see subclause 7.1.1) otherwise

	Mode 10
	DCI format 1A
	Common and
UE specific by C-RNTI 
	Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2D
	UE specific by C-RNTI
	Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is configured with higher layer parameter dmrs-tableAlt, Single-antenna port, port 7 or 8, (see subclause 7.1.1) otherwise


For TM9/10, PDSCH with SPS-RNTI is based on antenna port 7 when scheduled by DCI 1A in common/UE-specific search space, and based on antenna port 7/8 (or 7/9/11/13 if configured with dmrs-tableAlt) when scheduled by DCI 2C/2D in the UE-specific search space. 
So far we have not identified any particular issue to support semi-open-loop for SPS. Unless significant technical challenges are identified, it is proposed to support semi-open-loop with SPS C-RNTI scrambled PDSCH.
Proposal: Support semi-open-loop for SPS.
3. Conclusion

In this contribution we discussed a few remaining issues on semi-open-loop. Based on the discussion our current preferences are summarized below. 
Proposal 1:  
Support PUCCH/PUSCH feedback mode x-0 (x = 1, 3) for semi-open-loop.
· PUSCH 

· SS codebook:  
PUSCH coding/mapping details follow that of PUSCH mode 1-0/3-0 for TM3.

· DS codebook:   
PUSCH coding/mapping details follow that of PUSCH mode 1-0/3-0 for TM3, except i1 is reported. Information bits of i1 are placed prior to that of CQI in the channel coding block. 

· PUCCH

· For SS codebook, a complete PUCCH report has two instances (e.g. RI only, CQI only). RI periodicity is a multiple of CQI reporting periodicity. 

· For DS codebook, a complete PUCCH report has two instances (e.g. RI, CQI + i1). RI periodicity is a multiple CQI+i1 reporting periodicity. 
· For Class B CSI-process with K CSI-RS, CRI offset (relative to RI) is 0, and the payload of RI/CRI is 
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Proposal 2: 
Confirm the working assumption that semi-open-loop is specified for rank-1/2 only. 
Proposal 3: 
Support 2-bits scrambling ID and layer 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


Proposal 4:
 Support semi-open-loop in TM9 and TM10 in Rel.14. 
· For TM10, both QCL type A and type B are supported. 

Proposal 5: 
Use the same fallback transmission scheme for closed- and open-loop.
Proposal 6:  
Semi-open-loop can be scheduled by PDCCH and EPDCCH.
Proposal 7:  
Introduce orphan RE for PDSCH rate matching with option C (e.g. last allocated RB of every block of continuous RB allocation with an odd RB number).

Proposal 8: 
Support semi-open-loop for SPS.
.
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