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Discussion and Decision

1. Introduction
In RAN1#86, to study the transmission diversity for both data and control channels was agreed as below [1], in this paper, we give our design and considerations on data and control channels. 
Agreements:

· RAN1 to study transmit diversity for both data and control channels
· Aspects to related to QCL (if any), # of ports, polarizations, etc.
· Demodulation reference signal for transmit diversity, if supported, could be
· UE-specific RS (if supported by NR)
· Shared (by two or more UEs)-RS (if supported by NR)
· Other types of RS are not precluded
2 Transmission Diversity Schemes for Data/Control Channels
2.1 Potential transmission diversity schemes

There are several considerations in our mind for supporting diversity transmission. 

CSI Feedback Framework:
The signature of DMRS-based semi-open loop transmission is the feedback framework providing partial CSI knowledge. There are two CSI feedback frame structures defined in LTE. Class A CSI feedback is defined for un-precoded CSI-RS transmission with a larger number of Tx (>=8 Tx) codebook. Class B CSI feedback is defined for beamformed CSI-RS transmission where a CRI is send back from the UE to select the best beam from the UE perspective. During LTE discussion, it was concluded that each class has its own merit in different implementation aspects. Therefore it is preferred that DMRS-based semi-open loop transmission scheme should be based on both class A and class B types of CSI feedback. 

For channel reciprocity based system, partial channel information can be obtained by UL SRS measurement. Furthermore, the DMRS is carrying the precoder information from eNB, which can be considered as a combination or mapping function from more CSI-RS ports to DMRS ports. Each port of DMRS indicates the corresponding beam, which can be send from single TRP or several TRPs.
Proposal 1: DMRS should be used for data demodulation, and CSI-RS should be used for CSI feedback, including long-term CSI, CQI, RI.
Observation 1: The DMRS ports can be from one TRP or several TRPs, if from several TRPs, the UE transparent scheme would be more feasible.
Candidates of Transmission Schemes: 
Scheme 1: SFBC based TxD
In SFBC based TxD, DMRS-based semi-OL is a little bit different from current TxD in LTE, which is based on full utilization of 2 or 4 CRS ports. For DMRS-based OL transmission and feedback, hypothetical TxD transmission scheme shall assume a certain number of DMRS ports and associated TxD schemes. Therefore since the channel measurement is based on configured CSI-RS ports, an additional port mapping may be needed by mapping from x CSI-RS ports into 2/4 DMRS ports associated with 2Tx/4Tx TxD schemes respectively. Such a port mapping needs to be specified clearly. If the overall system can be considered as the following:

y=HW1W2s+n
where the W1 and W2 denote long-term precoding matrix and short-term precoding matrix, respectively. Then, the channel measured with CSI-RS can be considered as H, and the channel measured with DMRS can be considered as HW1. (For some other schemes, the effective channel measured by DMRS can be HW1W2, which means full precoder information can be carried by DMRS.)
So the UE can properly calculate TxD CQI based on a method of port mapping and also take into account the overhead of DMRS ports. Such schemes can be considered as different description depending on how the mapping function is defined (how W1 can be designed). If it is considered as beam diversity, which consider each DMRS port indicate one beam; also this scheme can be considered as TxD within sector beam, but obtain CSI-RS port combination gain and TxD diversity gain. The CSI-RS port mapping (combining, precoding) matrix can be determined by the long-term CSI information proposed in aforementioned CSI feedback framework. For different DMRS port number, it’s tradeoff between CSI-RS port combining gain and DMRS port diversity gain.
Scheme 2: LD-CDD

The basic principle of semi-open loop transmission is to use both spatial diversity and spatial multiplexing (if applicable) in order to avoid a large overhead of CSI feedback and uncertainty of channel estimation. These transmission schemes have been defined and widely used in current LTE system, e.g. TM3. LD-CDD (CRS based) were designed to provide extensive diversity gain and robust performance. With some simple enhancement, e.g. using DMRS, LD-CDD can be extended for 5G NR system. Although LD-CDD was designed to support up to 4 ports, supporting LD-CDD under CSI feedback frame structure of both Class A and Class B requires similar definition of CSI-RS to DMRS port mapping as Scheme #1.
Scheme 3: Random Precoding

Another scheme is to adopt some “randomness” per subcarrier by selecting PMI (or partial PMI if using a dual stage codebook) for the transmission. The key advantage of such a scheme is the flexibility to adopt different number of CSI-RS ports. Using a predefined pseudo random sequence to decide an exact PMI used for each subcarrier, the sequence can be generated using some random seed. This scheme works for any given number of CSI-RS ports in theory as long as the codebook (for CSI feedback) is configured.  However more details are required due to the support of single/dual stage codebooks, arbitrary number of CSI-RS ports, rank adaption, etc. 
Proposal 2: If PMI cycling based semi-open loop transmission is employed, following schemes should be considered, and evaluate which option performs better.
1. Option 1: Long-term precoder cycling and short-term precoder cycling 
2. Option 2: Long-term precoder feedback and short-term precoder cycling
3. Option 3: Long-term precoder & short-term precoder feedback, co-phasing factor cycling
To summary above mentioned schemes, we have follow proposal:

Proposal 3: For data channel and control channel, at least one of the following scheme should be supported, and evaluate which scheme performs better.
1. Long-term precoder + SFBC based semi-open loop transmission
2. Long-term precoder+ LD-CDD based semi-open loop transmission
3. PMI cycling based semi-open loop transmission
2.2 Transmission diversity scheme for control channels

For common control, purpose is to be able to transmit PBCH in a cell, where cell may consist of one or multiple TRPs and there may be different number of parallel beams per cell, in a way that is transparent to UE that whether cell operates using single or multi-beam, whether there are one or multiple TRPs. 
An example has been illustrated in Fig. 1, where 2-port SFBC would be good for that purpose allowing virtualization of multiple beams into 2-port transmission in different configurations in transparent manner. 
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Fig. 1. Example of 2 port SFBC for different number of BRS for common control transmission
Proposal 4: For control channel transmission, DMRS transparent to UE and SFBC based semi-open loop transmission should be employed to guarantee the robustness of control information delivery.
3 DMRS Bundling
In conventional TxD schemes, the precoder has been predefined and known by the UEs. In DMRS based TxD schemes, DMRS is used to carry the CSI-RS to DMRS mapping function and/or full or partial precoder information to UE. Thus, according to UE whether know the predefined precoder, the semi-OL transmission schemes can be categorized to 2 types: UE transparent or UE non-transparent.
For UE transparent, we would like to define it as full precoder information can be delivered by DMRS, and UE just need DMRS to demodulate data. In this schemes, data and DMRS are experiencing same precoder. 

For UE non-transparent, we would like to define it as partial precoder information can be delivered by DMRS, and UE need to know the precoder information predefined, and use DMRS + predefined precoder information to determine the CSI and demodulate data.

For both of schemes, the DMRS bundling is a problem to obtain more performance gain, the more frequently changing precoder, the more diversity gain can be obtained within limited bandwidth and time slots assigned to single UE. However, due to the overhead of DMRS, the precoder information has limitation for different schemes.
Observation 2: In DMRS based semi-OL transmission, both DMRS transparent to UE schemes and DMRS non-transparent to UE schemes can be supported. 
1. For transparent to UE schemes, DMRS should be precoded with same precoder with data, with PRB or sub-PRB level cycling
2. For non-transparent to UE schemes, DMRS will experience different precoder, and the random sequence should be pre-defined. The long-term precoder and short-term precoder can be designed with different granularity (sub-PRB level/RE level).
4 Conclusion
This contribution has provided performance evaluation of DMRS-based semi-open loop transmission with CRI reporting. Therefore we have following observations and proposals:
Observation 1: The DMRS ports can be from one TRP or several TRPs, if from several TRPs, the UE transparent scheme would be more feasible.
Observation 2: In DMRS based semi-OL transmission, both DMRS transparent to UE schemes and DMRS non-transparent to UE schemes can be supported. 
1. For transparent to UE schemes, DMRS should be precoded with same precoder with data, with PRB or sub-PRB level cycling
2. For non-transparent to UE schemes, DMRS will experience different precoder, and the random sequence should be pre-defined. The long-term precoder and short-term precoder can be designed with different granularity (sub-PRB level/RE level).
Proposal 1: DMRS should be used for data demodulation, and CSI-RS should be used for CSI feedback, including long-term CSI, CQI, RI. 
Proposal 2: For PMI cycling based semi-open loop transmission, following schemes should be considered, and evaluate which option performs better
4. Option 1: Long-term precoder cycling and short-term precoder cycling
5. Option 2: Long-term precoder feedback and short-term precoder cycling
6. Option 3: Long-term precoder & short-term precoder feedback, co-phasing factor cycling
Proposal 3: For data channel and control channel, at least one of the following scheme should be supported, and evaluate which scheme performs better.
1. Long-term precoder + SFBC based semi-open loop transmission
2. Long-term precoder+ LD-CDD based semi-open loop transmission
3. PMI cycling based semi-open loop transmission
Proposal 4: For control channel transmission, DMRS transparent to UE and SFBC based semi-open loop transmission should be employed to guarantee the robustness of control information delivery.
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