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Introduction
In RAN1#86bis and RAN1#87, the following agreements were made regarding semi-open-loop MIMO [1][2]:
Agreement:

· 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
· 

· Rank-2:  co-phasing cycling
· 
[image: ]
Agreement:
· DMRS based semi-open-loop transmission is introduced within existing transmission mode, i.e. TM9/10
· Configured by RRC signalling
· 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. 
FFS until RAN1#88:
· 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) 

In this contribution, we present our views on the remaining issues related to semi-open-loop.

[bookmark: _Ref178064866]Discussion
Orphan REs Due to DMRS
With DMRS based transmit diversity, there will be odd number of REs in OFDM symbols containing DMRS in each scheduled PRB. Since SFBC can only be mapped to RE pairs in an OFDM symbol in each PRB, there is a so called “orphan RE” issue. Three options were proposed in the last meeting as described in the chairman’s note above.  
With option A, 4 REs would be wasted, which is equivalent to about 4% of overhead. Option B is more efficient in resource utilization but requires contiguous PRBs allocations (or the allocation be in PRB pairs) for a UE. Otherwise, the frequency separation of REs in a RE pair would be more than a PRB, which is obviously too large for SFBC.  Option C allows non-contiguous PRB allocations for a UE.  However, as shown in the figure below, for a pair of REs across two PRBs, both Option B and option C require the same DMRS precoder be applied over the two PRBs. Otherwise, the equivalent channels for the two symbols transmitted over the two REs would be different, which would violate the SFBC requirement. Depending on PRB allocations, restricting the same precoder for all adjacent PRBs may be too restrictive.
Option A
Option B and option C

[bookmark: _Ref472974649]Figure 1: Issue with across PRB REs in Options B and C
An alternative option is to use STBC in OFDM symbols containing DMRS (“Option D”), which is shown in Figure 2.  This option avoids orphan REs by pairing REs in adjacent OFDM symbols containing DMRS and/or CSI-RS REs. 
Option D: pairing REs in adjacent 
OFDM symbols containing DMRS

[bookmark: _Ref474052568]Figure 2: Option D, pairing REs over adjacent OFDM symbols containing DMRS.
This option does not have any orphan REs while the RE pairs contain adjacent REs, a condition to ensure the same channel over the REs in a RE pair.  The only drawback may be that two resource mappings are used in each PRB, but the implementation complexity should be similar.
[bookmark: _Toc474190788]Option A would incur about 4% of overhead 
[bookmark: _Toc474190789]Option B would require contiguous PRB allocation for a UE 
[bookmark: _Toc474190790]Option B and Option C would require the same precoding over adjacent PRBs
[bookmark: _Toc474190791]Option D does not have any orphan REs and does not require the same precoder over adjacent PRBs 
Orphan REs Due to CSI-RS
When one or two CSI-RS ports are configured, one proposal was to treat the CSI-RS as 4 ports CSI-RS for PDSCH resource mapping purposes, which would result in more orphan REs as shown in Figure 2 ( Option 1). Alternatively, STBC could be used in the OFDM symbols containing DMRS and/or CSI-RS as shown in Figure 2 (Option 2), in which there is no orphan REs. 
Option 1: adding orpant REs
Option 2: with STBC in OFDM symbols 
containing DMRS

[bookmark: _Ref472976586]Figure 3: Options for PDSCH resource mapping with one or two CSI-RS ports.
[bookmark: _Toc474190792]Option 1 would incur additional orphan REs with one or two CSI-RS ports
[bookmark: _Toc474190793]Option 2 with STBC in OFDM symbols containing DMRS and/or CSI-RS REs does not have any orphan REs
[bookmark: _Toc473029951][bookmark: _Toc473030258][bookmark: _Toc473030278][bookmark: _Toc473899575][bookmark: _Toc474173907][bookmark: _Toc474173911][bookmark: _Toc474190795]Consider of pairing REs in adjacent OFDM symbols containing DMRS and/or CSI-RS REs to avoid any orphan REs.
Support of SPS-C-RNTI
Semi-open-loop transmission is supposed to provide more robust transmission in the downlink when the channel is fast changing and CSI feedback, particularly short term PMI, is not very reliable.  Semi persistent transmissions are grantless transmissions and outer loop link adaptation is generally not available. When both semi-open loop and SPS are configured for a UE, precoding based on UE feedback with Rel-13 SPS will not be able to function, since W2 will not be reported as agreed. Since SPS also requires robust transmission due to its lack of good link adaptation and limited CSI feedback,rank 1 semi-open loop transmission seems to be a good fit for SPS.  
[bookmark: _Toc474190794]When semi-open-loop is configured, closed-loop transmission is not possible without PMI or W2 feedback. Semi-open-loop transmission seems to be a good fit for SPS transmission.
[bookmark: _Toc473029952][bookmark: _Toc473030259][bookmark: _Toc473030279][bookmark: _Toc473899576][bookmark: _Toc474173908][bookmark: _Toc474173912][bookmark: _Toc474190796]Rank 1 Semi-open-loop transmission is supported for SPS 
New DMRS Table
In the last meeting, it was agreed that DCI 2C or 2D with a new DMRS table will be used for semi-open-loop scheduling. However, the details of the new DMRS table is still to be determined. Since only DMRS ports 7 and 8 will be supported for sem-open-loop transmission, a simplified DMRS table as shown below may be used for the purpose. For rank 2 retransmission with a single codeword,  it seems reasonable to use rank 1 TxD.  In addition, to support MU-MIMO with more than two layers, it makes sense to also support OCC4.  
[bookmark: _Toc473029953][bookmark: _Toc473030260][bookmark: _Toc473030280][bookmark: _Toc473899577][bookmark: _Toc474173909][bookmark: _Toc474173913][bookmark: _Toc474190797]Consider to use Table 1 as the new DMRS table for semi-open-loop.
Table 1: an example of the new DMRS table for semi-open-loop
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	2 layers, ports 7-8, nSCID=0 (TxD, OCC2)
	0
	2 layers, ports 7-8, nSCID=0 (OCC2)

	1
	2 layers, ports 7-8, nSCID=1 (TxD, OCC2)
	1
	2 layers, ports 7-8, nSCID=1 (OCC2)

	2
	2 layers, ports 7-8, nSCID=0 (TxD, OCC4))
	2
	2 layers, ports 7-8, nSCID=0 (OOC4)

	3
	2 layers, ports 7-8, nSCID=1 (TxD, OCC4)
	3
	2 layers, ports 7-8, nSCID=1 (OCC4)



PRB Bundling
So far, there is no agreement on PRB bundling for semi-open-loop. PRB bundling was used to improve channel estimation at a UE in DMRS based closed-loop transmission.  In TM9 and TM10, PRB bundling is only supported when PMI/RI reporting is configured.  In semi-open-loop transmission, PMI is not reported in case of single stage codebook.  So in that case, PRB bundling is not necessary. In case of two stage codebook, only the wideband part of the PMI, i.e. W1, is reported and subband PMI W2 is not reported.   To have good channel estimation, we prefer to use the existing PRG size in TM9/10 for semi-open-loop.
[bookmark: _Toc473029954][bookmark: _Toc473030261][bookmark: _Toc473030281][bookmark: _Toc473899578][bookmark: _Toc474173910][bookmark: _Toc474173914][bookmark: _Toc474190798]Prefer to use the existing PRG size for semi-open loop transmission.
Conclusions
In this contribution we made the following observations:
Observation 1	Option A would incur about 4% of overhead
Observation 2	Option B would require contiguous PRB allocation for a UE
Observation 3	Option B and Option C would require the same precoding over adjacent PRBs
Observation 4	Option D does not have any orphan REs and does not require the same precoder over adjacent PRBs
Observation 5	Option 1 would incur additional orphan REs with one or two CSI-RS ports
Observation 6	Option 2 with STBC in OFDM symbols containing DMRS and/or CSI-RS REs does not have any orphan REs
Observation 7	When semi-open-loop is configured, closed-loop transmission is not possible without PMI or W2 feedback. Semi-open-loop transmission seems to be a good fit for SPS transmission.
Based on the discussion in this contribution we propose the following:
Proposal 1	Consider of pairing REs in adjacent OFDM symbols containing DMRS and/or CSI-RS REs to avoid any orphan REs.
Proposal 2	Rank 1 Semi-open-loop transmission is supported for SPS
Proposal 3	Consider to use Table 1 as the new DMRS table for semi-open-loop.
Proposal 4	Prefer to use the existing PRG size for semi-open loop transmission.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref473030412]Chairman’s note, RAN1#86bis.
[bookmark: _Ref473030414]Chairman’s note, RAN1#87.
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