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1 Introduction

At the RAN1 #87 meeting, following agreements were achieved for DMRS based semi-open-loop transmission [1]: 
Agreement:

· For the purpose of CSI derivation, the UE assumes option 1 with a single DMRS beam semi-statically configured by codebook subset restriction

· The single DMRS beam, which is the same for both ports 7&8, is indicated in the i2 field of codebook subset restriction 

· 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. 
In addition, the following remaining issues need to be addressed:
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 discuss remaining issues in semi-open-loop transmission, e.g., the support of SPS-C-RNTI and the handling of orphan REs as mentioned above. 
2 Discussion
2.1 On the orphan RE issue

In RAN1 #86bis, SFBC has been agreed as rank-1 RE-level processing in semi-open-loop transmission. SFBC requires paired REs that spanning no more than 3 subcarriers in each OFDM symbol. In Rel.10, CSI-RS was introduced, and the accompanied orphan RE issue was discussed. Finally, PDSCH mapping to resource elements for transmit diversity is specified in section 6.4 of [2] as below:

In mapping to resource elements, if the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-RNTI and transmit diversity according to clause 6.3.4.3 is used, resource elements in an OFDM symbol assumed by the UE to contain CSI-RS shall be used in the mapping if and only if all of the following criteria are fulfilled:

-
there is an even number of resource elements for the OFDM symbol in each resource block assigned for transmission, and

-
the complex-valued symbols 
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This means, an orphan RE is defined as the RE that cannot be paired with another RE according to the above rule within the same PRB and the same OFDM symbol, and the OFDM symbols containing orphan REs are rate-matched around. This is sufficient to deal with orphan RE issue in Rel. 10, where orphan RE is only caused by 2/4/8 ports periodic CSI-RS in the PRBs scheduled for transmit diversity transmission. However, in Rel. 14, considering various reference signals that possibly exist in PRBs scheduled for transmit diversity, orphan RE issue is more complicated. To summarize, we can categorize orphan RE issues into 3 cases:
· Case I: orphan RE due to DMRS of port 7/8 only. 

· Case II: orphan RE due to co-existence of both periodic ZP/NZP CSI-RS and DMRS of port 7/8.
· Case III: orphan RE due to co-existence of aperiodic ZP/NZP CSI-RS and DMRS of port 7/8, and possibly periodic ZP/NZP CSI-RS.

To deal with case I orphan RE, 3 options were given in R1-1613277 [3]. Option B is to allow 1 orphan RE in the last allocated RB if number of allocated RB is odd, and option C is to allow 1 orphan RE in the last allocated RB of every block of continuous RB allocation with an odd RB number. In short, they can reduce the number of orphan RE by allowing SFBC RE-pair across the PRB boundary. However, SFBC RE-pair should not across the PRG boundary, because precoder for DMRS is assumed to be always identical only inside one PRG. In some bandwidth configuration, legacy PRG size could be 1 or 3. In those cases, if there is no additional PRG size defined for semi-open-loop, option B and option C are not effective in reducing number of orphan REs. Even if additional PRG size is defined, in case II and case III, some orphan REs will still exist due to the rule that forbids SFBC RE-pair across more than 3 subcarriers, as showed in Figure 1. In summary, in some cases, option B and option C is not sufficient to mitigate orphan RE issue. 

Observation 1: In some cases, allowing SFBC RE-pair across the PRB boundary to reduce orphan RE is not sufficient to mitigate the orphan RE issue.
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Figure 1 orphan RE due to both CSI-RS and DMRS of port 7/8
On the other hand, option A seems to be a good solution, as for case I, location of orphan REs are fixed to the REs corresponding to DMRS ports 9/10 of the last DMRS CDM group, and for case II and case III, solution in Rel. 10 can be reused. However, LTE Rel. 13/14 introduces beamformed CSI-RS and up to 32 ports non-precoded CSI-RS. Compared to Rel. 10, the variety and quantity of CSI-RS REs are significantly increased. Hence, the coexistence of those newly introduced CSI-RS with DMRS could make the occurrence of orphan RE much more frequently and much more randomly, especially for DMRS-based semi-open-loop transmission, as showed in Figure 1. Rate-matching around that many OFDM symbols is too costly. Moreover, as showed in Figure 2, multiple options of orphan RE location are possible for enabling SFBC pairing under a certain RS configuration. Therefore, for SFBC in Rel. 14, UE should be able to identify the location of orphan REs in arbitrary RS configuration.
Proposal 1: For SFBC in Rel. 14, rate-matching around the OFDM symbols containing orphan REs is not preferred, and UE should be able to identify the location of orphan REs in arbitrary RS configuration.
There are two options for UE identifying the location of orphan REs: 
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Figure 2 multiple options of orphan RE location are possible for enabling SFBC pairing under a certain RS configuration.
Option 1: Orphan RE is indicated to UE via downlink signalling
In this option, one alternative is to explicitly indicate orphan RE to UE via RRC message. Another alternative is to indicate a full orphan RE candidate set to UE via RRC signalling, and as a companion configuration of CSI-RS resource activation, some subsets are activated by MAC CE or DCI, as showed in Figure 3. In both alternatives, the orphan RE-pair candidates are indexed, and the indexes for configured REs are contained in RRC message or MAC CE or DCI.
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Figure 3 Orphan RE is indicated to UE via downlink signaling: Full orphan RE candidate set is indicated to UE via RRC signalling, and one subset is activated by MAC CE or DCI. The activated subset is the configured location for orphan RE.
Option 2: UE derives the location of orphan RE based on current RS configuration   

In this option, UE derives the location of orphan RE in one scheduled PRB based on the configured ZP/NZP CSI-RS and DMRS, and then duplicates the result to PRBs with the same configuration. Since DMRS and CSI-RS would only appear in OS set {5, 6, 9, 10, 12, 13}, the derivation is only applied in these OSs. The location of orphan REs can be derived by UE with the following steps, where n is the subcarrier index within the PRB and n starts from 0.
Step 1: 
If 

n is an RS RE, n=n+1; 

else if 
n+1 is not an RS RE, nor n+1>11, pair (n,n+1), and let n = n+2;
else if 
n+1 is an RS RE, but n+2 is not an RS RE nor n+2 >12, pair (n, n+2) and let n = n+3;

else if 
both n+1 and n+2 are RS REs, or n+1>11, or n+1 is RS RE and n+2>11, mark n as orphan RE and let n = n+3.

Step 2: 
Stop 
if n>11, otherwise go back to step 1.
Based on previous discussion, there could be different options for orphan RE location. However, with above steps, there will be no ambiguity in deriving orphan RE locations. Compared to option 1, less signalling overhead is needed in option 2, and hence we slightly prefer option 2 to option 1. Based on those, a common rule in PDSCH mapping should be specified such that eNB and UEs may have the common understanding of orphan RE location. It is preferred to update the PDSCH mapping to REs for transmit diversity in Rel. 14 as below:
In mapping to resource elements, if the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-RNTI and transmit diversity according to clause 6.3.4.3 is used, in the OFDM symbol assumed by the UE to contain CSI-RS and/or DMRS, resource element (k,l) shall be used in the mapping if and only if one of the following criteria is fulfilled:

-
in each resource block of the same OFDM symbol assigned for PDSCH transmission, resource element 
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Figure 4 UE derives the location of orphan RE based on current RS configuration 
Based on the above discussion, we have the following proposal
Proposal 2: For the PDSCH mapping to REs in SFBC in Rel. 14, specify the rule for orphan RE identification, i.e. the RE 
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Since the location of orphan REs can be derived by UE, and the orphan REs exist in pair across two neighboring OFDM symbols, it is straight forward to allow STBC transmission on these orphan RE pairs. Compared to rate-match around these REs, this would lead to higher resource utilization. Since the decoding of DMRS based semi-open-loop should be after the reception of at least one slot but not one OFDM symbol, allowing STBC will not delay the pipeline processing in UE demodulation. 
Based on the above discussion, we have the following proposal.
Proposal 3:  STBC transmission on the orphan RE pair should be considered.

2.2 On the rank-3/4 DMRS-based semi-open-loop transmission

In Rel. 13, for dual-stage codebook based closed loop transmission, rank-3/4 can be configured to allow single user spatial multiplexing on two adjacent orthogonal beams. Extension to Rel.14 semi-open-loop transmission can be achieved by allowing co-phase cycling in these two beams, respectively. However, for single stage codebook, rank-3/4 is achieved by RE-level LD-CDD similar to TM3. Therefore, different RE level operation will need to be specified for single stage codebook and dual-stage codebook to support rank-3/4 semi-open-loop transmission. In our view, the enhancement will require significant effort in specification.

Moreover, to support rank-3/4 DMRS-based semi-open-loop transmission, at least 4 DMRS ports are needed, which will further increase DMRS overhead. In closed loop transmission, high rank transmission can be scheduled to compensate the loss from DMRS overhead, which might not be the case in semi-open-loop transmission. Rank-3/4 was not discussed in previous meetings, and the benefits still remain unclear. Given Rel-14 is already close to the end, we propose: 

Proposal 4: Rank-3/4 semi-open-loop transmission is not specified in Rel. 14, but can be re-considered in later release.

2.3 DMRS table design for semi-open-loop transmission

In RAN1 #87, it was agreed that semi-open-loop transmission is introduced within TM 9/10 and configured by RRC signalling. A new DMRS table should be introduced using existing DCI format 2C/2D. In DMRS-based semi-open-loop transmission, rank-1 SFBC and rank-2 co-phasing cycling are agreed as RE level operation. Since for rank-2, LD-CDD and co-phase cycling are identical, the transmission for semi-open-loop is similar to TM3, except for reference signal pattern and utilization of beams. Therefore, number of codeword defined for TM3 should be reused for semi-open-loop.
Based on the discussion above, a straight forward solution is to define DMRS table as Table 1 below. 

	One codeword: 
Codeword 0 enabled, 
Codeword 1 disabled
	Two codeword: 
Codeword 0 enabled, 
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0 
	Rank-1 SFBC on port 7-8，nSCID=0
	0
	Rank-2 co-phase cycling on port 7-8, nSCID=0

	1 
	Rank-1 SFBC on port 7-8，nSCID=1
	1
	Rank-2 co-phasing cycling on port 7-8, nSCID=1

	2 
	Rank-2 co-phase cycling on port 7-8, nSCID=0
	2
	Reserved

	3 
	Rank-2 co-phasing cycling on port 7-8, nSCID=1
	3
	Reserved

	4 
	Reserved
	4
	Reserved

	5 
	Reserved
	5
	Reserved

	6 
	Reserved
	6
	Reserved

	7 
	Reserved
	7
	Reserved


Table 1 Antenna port(s), scrambling identity and transmission indication in DCI 2C/2D when RRC parameter semiolEnabled is set to 1
2.4 On the support of semi-persistent scheduling 

In LTE, semi-persistent scheduling (SPS) is designed to reduce the control channel overhead for VoIP based service. In SPS, the UE is pre-configured with the SPS C-RNTI and a periodicity by RRC. Once configured, UE receives DL/UL data in a pre-configured periodicity. It is also desirable to have SPS feature in semi-open-loop transmission. In some scenarios, such as in rural highway, UE may maintain high mobility for a certain period of time. It makes sense to support SPS in semi-open-loop transmission to reduce the signalling overhead. Based on those, we have the following proposal:

Proposal 5: Support semi-open-loop transmission with both C-RNTI and SPS C-RNTI.

2.5 On the content of semi-open-loop CSI reporting

According to RAN1 agreements from previous meetings, the differences of reporting contents between semi-open-loop CSI and closed loop CSI can be summarized as follows:

· For dual-stage codebook, i1, RI, CRI, and CQI are reported, and i2 is fixed to one beam semi-statically configured by codebook subset restriction.

· For single-stage codebook, RI, CRI and CQI are reported. PMI is not reported.

Based on those, for both aperiodic reporting modes and periodic reporting modes, different reporting modes should be specified respectively for single-stage codebook and dual-stage codebook based semi-open-loop CSI reporting. For single-stage codebook, since no PMI reporting is needed, only PUSCH 1-0, PUSCH 2-0, PUSCH 3-0, PUCCH 1-0 and PUCCH 2-0 should be supported. For dual-stage codebook, if PMI reporting is not configured, same reporting modes as single stage should be supported. If PMI reporting is configured for dual-stage codebook, since there is no subband level i2 reporting, only PUSCH 3-1, PUSCH 1-1, PUCCH 1-1 and PUCCH 2-1 should be supported. Moreover, i2 should be fixed in the reporting according to codebook subset restriction. 

Based on those, we have the following proposal:

Proposal 6: For semi-open-loop CSI reporting modes, different reporting modes should be specified respectively for single-stage and dual-stage codebook based CSI reporting.
In section 2.3, we proposed to reuse number of codeword definition in TM3. Regarding the CSI contents, for both aperiodic and periodic reporting modes, CQI should be reported in a similar way as in TM3. A UE shall report one wideband CQI value which represents channel quality for the first codeword, even when RI>1.
Proposal 7: For semi-open-loop CSI reporting, one wideband CQI should be reported which represents channel quality for the first codeword, even when RI>1.
2.6 On the CSI process of semi-open-loop transmission
Table I infers that semi-open-loop transmission can only be terminated by RRC. However, the duration for eNB to complete higher layer measurements, make the decision, and complete the RRC reconfiguration can take more than 100 ms. Therefore, reporting of both closed loop CSI and semi-open-loop CSI should be considered, so that eNB can make decision based on physical layer measurement. One simple solution is to configure 2 CSI processes. One reports closed loop CSI and the other reports semi-open-loop CSI. However, as discussed in section 2.5, reporting modes of semi-open-loop CSI and closed loop CSI can be different. Therefore, to support reporting both closed loop CSI and semi-open-loop CSI in two separate CSI processes, CSI reporting modes should not be restricted when semi-open-loop transmission is configured by RRC.
Proposal 8: Reporting both closed loop CSI and semi-open-loop CSI in two separate CSI processes should be supported when semi-open-loop transmission is configured by RRC.
3 Conclusions
This contribution discusses the remaining issues in DMRS based semi-open-loop. We propose
Observation 1: In some cases, allowing SFBC RE-pair across the PRB boundary to reduce orphan RE is not sufficient to mitigate the orphan RE issue.
Proposal 1: For SFBC in Rel. 14, rate-matching around the OFDM symbols containing orphan REs is not preferred, and UE should be able to identify the location of orphan REs in arbitrary RS configuration.
Proposal 2: For the PDSCH mapping to REs in SFBC in Rel. 14, specify the rule for orphan RE identification, i.e. the RE 
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Proposal 3:  STBC transmission on the orphan RE pair should be considered.
Proposal 4: Rank-3/4 semi-open-loop transmission is not specified in Rel. 14, but can be re-considered in later release.
Proposal 5: Support semi-open-loop transmission with both C-RNTI and SPS C-RNTI ..

Proposal 6: For semi-open-loop CSI reporting modes, different reporting modes should be specified respectively for single-stage and dual-stage codebook based CSI reporting.
Proposal 7: For semi-open-loop CSI reporting, one wideband CQI should be reported which represents channel quality for the first codeword, even when RI>1.
Proposal 8: Reporting both closed loop CSI and semi-open-loop CSI in two separate CSI processes should be supported when semi-open-loop transmission is configured by RRC.
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