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1 Introduction

In RAN1#87, a set of agreements has been achieved involved with aspects of DL MIMO transmission including transmission schemes, transmission settings, CW to layer mapping and PRB bundling [1].
Agreements:
· Support at least the following DMRS based DL MIMO transmissions for data in NR,

· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix

· Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix

· Study the transmission schemes, e.g., SFBC, Large delay CDD, Layer shifting, small delay  CDD

· Study the selection of transparent and/or non-transparent DMRS

· Transparent DMRS: DMRS and data precoded identically

· Non-transparent DMRS: DMRS  and data precoded differently

Agreements:

· The number of codeword(s) per one scheduled physical data channel in NR both for DL and UL
· For 1-2 MIMO layers – FFS between 1 codeword and 2 codewords

· For 3-8 MIMO layers FFS among
· Alt 1: 1 codeword
· Alt 2: 2 codewords
· Alt 3: >= 3 codewords

· Study the above alternatives taking into account performance of NC-JT transmission from two or more beams/TRPs, overhead in DCI/UCI (ACK/NACK, CQI)

· Study possible use of different modulations in single codeword
· Study the possibility of  configurable number of codewords per UE by NW

Agreements:

· 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

Agreements:

· For DL data, support at least a PRB bundling size for precoding equal to a specified value

· Study further including at least the following:

· FFS PRB bundling size linked to resource allocation granularity (e.g. RBG, etc.)

· FFS whether or not a PRB bundling size equals to all the contiguous scheduled PRBs

· FFS the case of reciprocity based operation

· FFS whether or not a PRB bundling size equals to a configured value(s) irrespective of scheduled PRBs
In this contribution, we share our views on the above aspects of DL MIMO transmission.
2 Discussion on DL MIMO Transmission
2.1 Transmission schemes

It has been agreed that CL, OL and semi-OL are all supported in NR. On the other hand, both single-beam and multi-beam transmission should be considered for NR. Hence in the design of CL, OL and semi-OL transmission schemes, the impact of single beam and multi-beam should be taken into account. In our previous contribution [2], we discuss the design principles of the above three transmission schemes for both single-beam and multi-beam.
· For CL transmission, both single-layer and multi-layer should be considered.  As more paths can be distinguished for multi-beam, multi-beam based beamforming is more robust than single beam based beamforming, and multi-beam based beamforming can achieve MIMO transmission with higher number of layers more easily. In LTE, single/multi-layer/TP/UE transmissions use a unified framework. Due to the flexibility of DMRS, these transmissions have good transparency. In NR, multi-beam transmission can also be seen as coordinated transmission between multiple virtual TPs, which demonstrates that single/multi-layer/TP/UE transmissions can be achieved under a unified framework.
· The purpose of OL MIMO is to exploit diversity gain. Among diversity-gain-achieved schemes, SFBC and RE-level precoder cycling, which requires RE-level operation, are not spec transparent. However, they achieve better diversity gain than spec transparent schemes. Hence transparent and non-transparent schemes require further study to trade off diversity gain and spec impact. Moreover, as SFBC achieves the best diversity gain, it should be considered if non-transparent schemes are supported. In addition, for multi-beam, as the beam information cannot be acquired for OL MIMO, beam-sweeping-based approach is a good solution to achieve diversity gain. Hence beam sweeping based transmission should be supported for OL in NR.
· For semi-OL, similar to OL, non-transparent schemes achieves better diversity gain than transparent schemes. Moreover, partial CSI is fed back for semi-OL. In single-beam transmission, this partial CSI can be long-term precoder information, whereas partial CSI can be coarse beam information for multi-beam. Hence precoder/beam cycling around the reported precoder/beam intend to be a good solution by making use of the partial CSI. 
Proposal 1: NR should strive for unified and flexible signaling framework to support single-beam and multi-beam transmission in the cases of CL, OL and semi-OL.
2.2 Transmission settings

The design of transmission settings has to address the requirement of flexible signaling framework to support dynamic switching among different transmission schemes.  In LTE, transmission schemes are configured by high layer signaling on transmission modes. Some detailed transmission parameters are indicated in DCI. However, this configuration framework prevents dynamic change of transmission schemes, which is beneficial for data transmission in time/frequency varying wireless channel. In fact, with DMRS-based transmission, dynamic change of transmission schemes is possible. Hence in NR, one of the design goals for transmission schemes is to support dynamic change. 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.

In order to support dynamic transmission schemes efficiently, one potential solution is to use hierarchical transmission and DMRS settings. The configuration of transmission/DMRS settings is shown in Fig.1 and the procedure is described as below: 
· Firstly, a set of transmission/DMRS settings is configured by high-layer signaling. 
· Each transmission/DMRS setting contains transmission/DMRS parameters to be configured, e.g., transmission scheme, power control, MCS, number of layers, DMRS port/pattern, etc. These parameters can be encoded jointly to save signaling overhead. 
· As high-layer signaling are configured semi-statically, the set of transmission/DMRS settings includes parameter states which cover only the cases which can possibly happen under the knowledge long-term or semi-static channel properties.  
· Then UE is indicated to select transmission/DMRS setting from the configured set. 
· 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. 
· Following the above approach, dynamic transmission schemes can be supported without costing too much DCI overhead.
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Fig. 1 Hierarchical transmission and DMRS settings
Proposal 2: Hierarchical configuration of transmission/DMRS settings should be considered in NR.
2.3 PRB bundling

It has been agreed that at least a PRB bundling size for precoding equal to a specified value should be supported. This may be sufficient for CL MIMO. However, it’s not suitable for non-transparent schemes in OL or semi-OL MIMO. Based on the above description of non-transparent schemes, RE-level operation is required. Specifically, the precoding granularities of PDSCH and DMRS are not the same, e.g., RE/REG-level precoder cycling is employed for PDSCH, but RB/RBG-level for DMRS. Hence to achieve better joint detection performance among multiple resources, the bundling sizes and granularities for PDSCH and DMRS should be different. More flexible bundling schemes, e.g., introducing bundling signaling for PDSCH and DMRS respectively, should be studied in non-transparent schemes of OL and semi-OL.
Proposal 3: For non-transparent schemes of OL and semi-OL, flexible bundling for DMRS and data should be considered.

2.4 CW to layer mapping

It’s well known that the coordination among TRPs would enhance the stability and data rate of the link, especially for improving the coverage of cell-edge UEs.  Moreover, in the application of the above 6GHz with high probability of LoS situation, it is expected spatial multiplexing would be better supported via multi-TRP transmission to achieve higher degree of freedom. Joint transmission is one of the CoMP schemes considered in LTE.  However, coherent joint transmission has high requirements on synchronization and calibration. Hence FeCoMP SI is set up to study further enhancements of CoMP schemes in Rel-14. One of the schemes is non-coherent JT which is classified based on mapping of codewords to TRPs as follows [3].
Case 1: Different CWs are transmitted from different TRPs. Each TRP perform adaptive precoding independently

Case 2a: The same CW is transmitted from different TRPs with spatial diversity (e.g. SFBC) / spatial multiplexing

Case 2b: The same CW is transmitted from different TRPs using SFN
In general, Case 1 requires less coordination among different TRPs compared to cases 2a and 2b in which the coordinated TRPs need to cooperate to transmit the same codeword. Moreover, considering complexity and performance trade-off for Case 1, it may be difficult to consider one codeword per layer, i.e. one to one codeword to layer mapping, but at least two codewords should be supported in NR for multi-TRP or multi-panel transmission.  Therefore, based on comprehensive consideration on the above NCJT cases, it’s beneficial to support configurable number of codewords per UE by NW so that the network can adapt to different situations
In addition, link quality can be quite different from different panels/TRPs.  In NCJT, one of the resource allocation approaches is partial overlap, which means the resource allocated from different TPs for a UE are partially overlapped. This resource allocation facilitates flexible NCJT to make full use of cooperation over frequency-selective channels. Hence this is an important use case to bring good performance gain via NJCT. In this case, different interference is experienced for the same codeword and hence using one MCS across the same codeword is not appropriate.  MCS assignment should be re-considered for such case to adapt to different interference situation in the same codeword, e.g. different modulation schemes can be allowed for same CW.  This can be useful for the cases when interference is varying in frequency domain even with single TRP transmission.
Based on the above discussion, we have the following proposal.
Proposal 4: NR should support configurable number of codewords per UE by NW.
Proposal 5: Utilization of different MCS in single codeword should be considered in NR.
3. Conclusion

This contribution provides our views on aspects of DL MIMO transmission in terms of transmission schemes, PRB bundling, CW to layer mapping and transmission settings. We have the following proposals.
Proposal 1: NR should strive for unified frameworks for single-beam and multi-beam in the cases of CL, OL and semi-OL.

Proposal 2: Hierarchical configuration of transmission/DMRS settings should be considered in NR.
Proposal 3: For non-transparent schemes of OL and semi-OL, flexible bundling for DMRS and data should be considered.

Proposal 4: NR should support configurable number of codewords per UE by NW.

Proposal 5: Utilization of different MCS in single codeword should be considered in NR.
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