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1 Introduction
In 3GPP RAN1#87 [2], following agreements were made for the support of semi-open-loop transmission: 
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This contribution discusses remaining details on the design of semi-open-loop transmission scheme.

2 Discussions
As provided in the above, DMRS based semi-open-loop transmission within existing transmission modes is agreed in 3GPP RAN1#87. For each of the rank 1 and 2 transmission, data transmission and CSI reporting based on SFBC and precoder cycling is agreed, respectively. One of the remaining issues is the support of rank 3 and 4 in semi-open-loop transmission. Support of rank 3 and 4 transmission can provide performance benefit when UE is in high time variations with relatively high SINR. As well as rank 1and 2, transmission schemes relying on diversity are less susceptible to CSI impairments due to operating with less channel state information and robustness due to the additional diversity effect on the received signal. However, remaining time for the discussion on eFD-MIMO should be considered. In order to decide transmission schemes for rank 3 and 4, the comparison of transmission schemes such as layer shifting and large-delay CDD should be done within limited online discussion. Considering such aspects, support of rank 3 and 4 for semi-open-loop transmission should be further discussed in future evolution of eFD-MIMO.
Observations: 

· Support of rank 3 and 4 for semi-open-loop transmission can provide performance benefit when UE is in high time variations with relatively high SINR.
· However, remaining time for the discussion should be considered.
Proposals: 
· Confirm the working assumption on semi-open-loop transmission.
· Semi-open-loop transmission is only specified for rank 1 and 2 in Rel-14 eFD-MIMO.
Another remaining design issue is DMRS port and number of layers indication table. In order to provide efficient data transmission, following aspects should be considered: 

· Support of orthogonal/non-orthogonal multi-user spatial multiplexing: When multiple UEs are simultaneously scheduled on the same resource, the 2-dimensional antenna array and the larger number of TXRU’s can be utilized to separate the signals in spatial domain. Combined with semi-open-loop transmissions, multi-user spatial multiplexing can be used to enhance the system performance. For example, multi-user spatial multiplexing can be applied across the different beam and co-phasing. In that sense, orthogonal/non-orthogonal multi-user spatial multiplexing should be supported.
· The size of orthogonal cover code: For usage of orthogonal cover code, the main motivation of semi-open-loop transmission should be considered. Since semi-open-loop provides performance benefits when UE is in high mobility case, orthogonal cover code with size 4 cannot reflect phase difference between slots and will reduce the benefits of semi-open-loop transmission. Considering such aspects, the size of orthogonal cover code should be limited to 2.
· The size of DCI field: The UE which is configured to semi-open-loop transmission is in high mobility environment. Due to the high mobility, the performance of PDCCH may degrade than UEs in low mobility. In order to provide high reliability , the size of DCI field should be minimized.
Regarding above discusssions, following Table 1 is proposed to support as a DMRS port and number of layers indication table for semi-open-loop transmission. 
Table 1 DMRS port and number of layers indication table for semi-open-loop transmission

	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 (OCC=2)
	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	1 layer, port 7,8 nSCID=1 (OCC=2)
	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	1 layer, port 8,7 nSCID=0 (OCC=2)
	2
	2 layer, port 8-7, nSCID=0 (OCC=2)

	3
	1 layer, port 8,7 nSCID=1 (OCC=2)
	3
	2 layer, port 8-7, nSCID=1 (OCC=2)


Observations: 

· In order to design DMRS port and number of layers indication table for semi-open-loop transmission, following aspects should be considered:

· Support of orthogonal/non-orthogonal multi-user spatial multiplexing

· Orthogonal cover code with size 2

· Minimized the size of DCI field is required to provide more reliability on DCI transmission.
Proposal: 
· Support Table 1 as a DMRS port and number of layers indication table for semi-open-loop transmission.
In 3GPP RAN1#87 [2], orphan RE issue for rank 1 transmission of semi-open-loop was discussed. When rank 1 transmission of PDSCH is to UE, semi-open-loop based transmission supports SFBC based transmission. Since SFBC based transmission requires a pair of REs, number of REs for PDSCH transmission should be even number. However, number of REs may not be even due to the rate matching of CSI-RS and DMRS. In order to solve the issue, following solutions in Figure 1 can be considered:
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Figure 1. Solutions for orphan REs. 
(a) Alt 1: Blanking of OFDM symbol (b) Alt 2: Blanking of orphan REs (c) Alt 3: Applying STBC in orphan REs
Alt 1 is a scheme to resolve orphan RE issue for UEs which is scheduled with CRS based SFBC transmission [1]. For such UEs, orhpan RE exists only in limited cases such as data transmission in odd RB with 2 port CSI-RS transmission. Considering such aspect, blanking whole OFDM symbol may not cause severe system performance loss and can be a solution of orphan RE with simple UE implementation. However, it should be noted that performance loss will be severe in DMRS TMs since DMRS based rank 1 or 2 transmission is always accompanied with orphan RE. Since rank 1 or 2 transmission is general use cases to LTE eNB, it is clear that performance loss will be severe. 
Another possible solution for orphan RE is only blanking of orphan REs. In contrast to Alt 1, performance degradation due to blaking will not be severe since orphan RE exists only in the edge of scheduled RBs. Moreover, it should be noted that it allows simple UE implementation for the support of semi-open-loop transmission. 
In contrast to schemes which resolve orphan RE issue with resource blaking, other scheme which allows STBC transmission in the orphan RE can be considered for semi-open-loop transmission. Since the scheme does not required to blank PDSCH REs, the performance can be higher than other solutions. However, increment on UE complexity should be considered. It should be noted that LTE supports frequency first mapping for PDSCH transmission. When we support STBC for orphan REs, performance gain relative to Alt 2 will not be large considering possible cases and blanked resources. However, support of STBC requires new mapping methods and additional memory to support time first mapping in orphan REs. 
Observations: 
· The following alternatives are available for resolving the orphan RE issues due to SFBC
· Alt 1 is beneficial for CRS based SFBC transmission, but performance degradation can be severe for DMRS based SFBC transmission. 

· Alt 2 resolves orphan RE issue with simple UE implementation and low performance degradation.
· Alt 3 may provide relatively higher performance than Alt 2, but degree of benefit will not be large. 

· Moreover, it requires high UE complexity due to time first mapping.

Proposal: 
· In order to resolve orphan RE issue, support Alt 2 for DMRS based semi-open-loop transmission.
In order to provide channel status information based on semi-open-loop transmission, CSI reporting with CRI, RI, i1 and CQI is agreed in 3GPP RAN1#86. However, detailed support on CSI reporting such as support of PUCCH or PUSCH based CSI reporting and CSI reporting mode is not decided yet. 

First issue on CSI reporting would be support of PUCCH and PUSCH based CSI reporting. Since each of them has its own benefit, such as robust link maintenance and detailed information.  Both of PUCCH and PUSCH based CSI reporting should be considered for semi-open-loop transmission. 

For the contents of CSI reporting both wideband and subband CSI reporting should be considered. Due to the absence of i2 reporting, subband PMI may not be needed. However, subband CQI reporting can be beneficial since RE level co-phase cycling provides enough diversity gain within subband. For the design of detailed CSI reporting, it should be noted that the difference on the contents of closed-loop and semi-open-loop CSI is absence of i2 reporting. In that sense, discussions on the design of CSI reporting can be minimized by reusing CSI reporting design of class A without i2 reporting [3]. 
Observations: 
· Both of PUCCH and PUSCH based CSI reporting can provide benefits for link maintenance and providing detailed information.
· Subband CQI reporting can be beneficial since semi-open-loop transmission supports RE level co-phase cycling. 

Proposal: 
· Both PUCCH and PUSCH based CSI reporting is supported in semi-open-loop transmission.
· Subband CQI reporting should be considered as well as wideband CQI reporting. 

· Discussion on design of semi-open-loop CSI can be minimized by reusing CSI reporting design of class A without i2 reporting.

3 Conclusion
This contribution has discussed remaining details of semi-open-loop, and draws following observations and proposals:
Observations: 

· Support of rank 3 and 4 for semi-open-loop transmission can provide performance benefit when UE is in high time variations with relatively high SINR.
· However, remaining time for the discussion should be considered.

· In order to design DMRS port and number of layers indication table for semi-open-loop transmission, following aspects should be considered:

· Support of orthogonal/non-orthogonal multi-user spatial multiplexing

· Orthogonal cover code with size 2

· Minimized the size of DCI field is required to provide more reliability on DCI transmission.
· The following alternatives are available for resolving the orphan RE issues due to SFBC 
· Alt 1 is beneficial for CRS based SFBC transmission, but performance degradation can be severe for DMRS based SFBC transmission. 

· Alt 2 resolves orphan RE issue with simple UE implementation and low performance degradation.

· Alt 3 may provide relatively higher performance than Alt 2, but degree of benefit will not be large. 

· Moreover, it requires high UE complexity due to time first mapping.

· Both of PUCCH and PUSCH based CSI reporting can provide benefits for link maintenance and providing detailed information.

· Subband CQI reporting can be beneficial since semi-open-loop transmission supports RE level co-phase cycling. 

· Both PUCCH and PUSCH based CSI reporting is supported in semi-open-loop transmission.

· Subband CQI reporting should be considered as well as wideband CQI reporting. 

· Discussion on design of semi-open-loop CSI can be minimized by reusing CSI reporting design of class A without i2 reporting.

Proposals: 
· Confirm the working assumption on semi-open-loop transmission.
· Semi-open-loop transmission is only specified for rank 1 and 2 in Rel-14 eFD-MIMO.

· Support Table 1 as a DMRS port and number of layers indication table for semi-open-loop transmission.
· In order to resolve orphan RE issue, support Alt 2 for DMRS based semi-open-loop transmission.
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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 


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. 








PAGE  
5

[image: image1]