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1 Introduction

In RAN1#87, a set of agreements has been achieved involved with aspects of DL MIMO transmission settings [1].
· Define at least two sets of transmission parameters, where

· Transmission parameter set 1: parameters configured (FFS: L1 or L2 or L3)
· For default transmission scheme, specify default values of parameters in the Transmission parameter set 1
· FFS: Whether default value can be derived implicitly
· Note that depending on parameter settings in transmission parameter set 1, the size of transmission parameter set 2, i.e. DCI size, may vary. 

· Transmission parameter set 2: parameters indicated by physical layer (e.g. NR PDCCH channel)

· FFS whether multiple subsets is supported and how to simplify DCI format
· Note: some transmission parameter may belong to both set-1 and set-2

· Detail parameters and usage condition are TBD
In RAN1#88-bis, some further discussion on DL beam indication as an important aspects of transmission setting has been achieved and the following agreements are reached  [2].
· For reception of DL data channel, study further at least the following:
· Whether or not have an effective window of spatial QCL assumption

· Interaction between higher layer signaling (if supported) and DCI indication 

·  FFS the signaling details for higher layer and DCI based approaches (e.g., the corresponding information field in DCI, etc.)

· Interaction between beam management and PDSCH transmission

· Whether or not to have a default behavior (e.g., due to DCI miss detection), and if so the default behavior

· Beam switching time, DCI decoding time, etc.

2 DL MIMO Transmission settings
The design of transmission settings is to address the requirement of flexible signaling framework and to support fast switching among different transmission schemes/configurations with low DCI signalling overhead. In LTE, lots of transmission modes were defined. Each transmission mode is corresponding to a set of pre-defined transmission schemes as well as a set of reference signal configuration. To be more specific, transmission modes are configured by higher layer signaling, and subsequently some detailed transmission parameters are indicated in DCI. However, this configuration framework prevents dynamic change of different transmission schemes, which is beneficial for supporting dynamic traffic type and data transmission in fast time/frequency varying wireless channel. In fact, with DMRS-based transmission, this dynamic switching of transmission schemes becomes possible with low signaling overhead since most of the transmission schemes can be supported in transparent manner. Hence in NR, one of the design goals for transmission schemes is to support dynamic switching. Then the configuration of transmission parameters is a challenge since the resource for DCI is limited. Moreover, as DMRS is an essential factor facilitating dynamic transmission schemes, flexible configuration on DMRS parameters is also a critical issue in NR.

2.1 Hierarchical transmission settings 
In order to support dynamic transmission schemes efficiently, one potential solution is to use hierarchical transmission settings. The configuration of transmission settings is shown in Fig.1 and the procedure is described as below: 
· Firstly, a set of transmission settings is configured by high-layer signaling. 
· Each transmission setting contains transmission-related parameters to be configured, e.g., transmission scheme, power control, MCS, number of layers, DMRS port/pattern, PTRS port/pattern, spatial QCL parameter (i.e., Tx beam(s)), etc. These parameters can be encoded jointly to save signaling overhead. 
· As high-layer signaling is configured semi-statically, the set of transmission settings includes parameter states with respect to long-term or semi-static channel properties.  
· Then UE is indicated to select one transmission setting for subsequent DL control/data channel reception from those configured settings. 
· Further, in order to balance configuration flexibility and DCI overhead, the selection procedure can be performed through two steps. The first step is to activate a subset of the settings through MAC CE, and then DCI is employed to select one setting from the activated subset. 
· Through exploiting the above approach, dynamic transmission schemes can be supported without costing too much DCI overhead.
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Fig. 1 Hierarchical transmission settings
Proposal 1: Hierarchical configuration of transmission settings should be supported in NR:
· A set of transmission  settings is configured by high-layer signaling;

· A subset of the settings is activated through MAC-CE signaling;

· One setting from this activated subset is indicated for subsequent DL control/data channel reception through DCI signaling.
2.2 Pre-configuration of transmission parameters 
In this section, we first discuss pre-configuration of transmission parameters before the scheduled slots for several aspects including fall back mode transmission, overhead reduction and fast data processing. These pre-configuration can be done in the higher level(s) of hierachical configuration described in section 2.1.
Fall back mode transmission

In LTE, it has a fall back mode for each transmission mode. The fall back mode is often used for the duration of RRC configuration which makes some DCI paramters uncertain due to the relationship with RRC paramters. This includes transition between  different transmission modes. This also enables dynamic switching between transmission schemes used in fall back and normal modes. To support such fall back mechanism,  a default transmission set containing default values of the transmission parameters should be supported.  These default values of the parameters can be pre-configured.  
DCI overhead reduction
In LTE, it is required to always configure all DCI parameters defined in each DCI format signaled in all the scheduled slots.  However, most of the parameters may not change from one subframe from another subframe. This is wasteful in terms of DCI overhead.  It is desirable to pre-configure the values of transmission parameters e.g. by higher layer signaling before the scheduled slots.  Some of the parameters can follow the setting of default transmission setting mentioned earlier.  DCI signaling only changes the paramters which are different from the pre-configured values.  This can significantly reduce the DCI overhead.
Fast data processing such as URLLC
In addition, some of the transmission parameters (compared to some other paramters) are required first for the early process in data reception e.g. DMRS parameters and start location of data position, etc.  In NR, self-contained data transmission is supported to address the requirement of urgent traffic such as URLLC. Therefore, it is desirable to make some of these parameters available before the scheduled slot so that the UE can start the data reception process even before DCI decoding. For examples, partial information of DMRS parameters including start location, DMRS pattern and the first DMRS port can be made available first through pre-configured or default transmission setting, and the information indicating whether or not the additional DMRS pattern can be left for DCI signaling. Similarly, the beam indication which is necessary for DMRS reception should be also available first at least in some cases.
Proposal 2: Pre-configured or default transmission setting is supported.
2.3 Effective region of transmission setting 
The requirements of pre-configuration on transmission parameters described in section 2.2 may vary in different use cases and scenarios.  For example, one transmission parameter may be required to be changed dynamically in some use cases but remained the same for some other use cases. To address different requirements, we introduce the concept of effective region which defines the time-frequency resources in which the pre-configured transmission parameters are effective.  
Different levels in the hierachical configuration described in Section 2.1 may have different effective region. We can at least define two levels of effective region.  To be more specific, the first effective region defines the effective region of MAC-CE signaling and the second effective region defines the effective region of DCI signaling. In the first effective region, the pre-configured values of some of the transmission parameters defined in MAC-CE are not changed unless there is DCI update on those parameters in the first effective region. If there is a DCI indication, the value of the relevant paramters are pre-empted and remained effective in its associated  second effective region. But, beyond its associated second effective region, the pre-configured parameter defined in MAC-CE would become effective again. Here are some use cases of effective region:

· Beam indication - Effective time of DCI-based beam indication signaling should be S time units, e.g., TTI, slot and OFDM symbol, after the transmission time of this signal taking into account the demodulation and beam switching delay [3]. During these S time units, data reception should be achieved through using its default RX beam(s), which can depend on pre-defined rules or MAC-CE pre-configured beam. 

· DMRS for fast decoding - DMRS patterns for the subsequent data transmission can be semi-statically configured as front-loaded pattern but without additional pattern through MAC-CE signaling.  Additional DMRS set can be dynamically signaled by DCI due to dynamic change for different use cases like MU-pairing or sudden change on speed. One example is shown in Figure 2.
· Time domain DMRS bundling – Time domain DMRS bundling can be turned on semi-statically and the bundling window can be configured by MAC-CE.  DCI signaling is used if there is sudden change to disable bundling or to change the bundling window size e.g. for MU pairing or for different transmission scheme.  
To meet different requirements, it is desirable to make these effective regions configurable. 
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Fig. 2 Example for effective region of transmission setting for DMRS for fast decoding
Proposal 3: Configurable effective region for different level signaling, e.g., RRC, MAC-CE and DCI, is supported.
3. Conclusion

This contribution provides our views on  transmission settings. We have the following proposal.
Proposal 1: Hierarchical configuration of transmission settings should be supported in NR:

· A set of transmission  settings is configured by high-layer signaling;

· A subset of the settings is activated through MAC-CE signaling;

· One setting from this activated subset is indicated for subsequent DL control/data channel reception through DCI signaling.
Proposal 2: Pre-configured or default transmission setting  is supported.
Proposal 3: Configurable effective region for different level signaling, e.g., RRC, MAC-CE and DCI, is supported.
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