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1. Introduction
In RAN1 #88, it is agreed that the following techniques are studied for NR UL MIMO[1]. 
· NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Each configured SRS resource is associated with at least one UL Tx beam/precoder

· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.

· Transmit Rank indicator (TRI)

· Possible values are up to the number of SRS ports configured in the indicated SRI

· Wideband transmit PMI (TPMI), with details FFS including dual-stage codebook (if supported)
· FFS: Possible PMIs depend on the number of SRS ports configured in the indicated SRI

· FFS: whether to allow the existence of this field for non-codebook-based UL-MIMO transmission
· FFS: Subband TPMI 

· UL MCS indication

· UL HARQ related information

· UL Resource allocation

· FFS on multiple SRI indication and corresponding indications of TRI(s) and TPMI(s)
· FFS: Joint encoding or separate encoding
In RAN1 #88bis, it is further agreed that the following techniques are studied for NR UL MIMO[2]. 
· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details

· For codebook based transmission for CP-OFDM based UL, when a UE is configured with UL frequency selective precoding and if subband TPMI signaling is supported, support one of the following alternatives: 

· Alt 1:Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission 

· Alt 2:Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission

· Other alternatives are not precluded

· Note: Subband TPMI may correspond to W2 if dual-stage codebook is supported

· FFS whether or not wideband TPMI is always signaled along with subband TPMI

In this contribution, we show our views on codebook-based transmission. 
2. Codebook based transmission 
In LTE, CL-MIMO in uplink is based on port selection indication or precoder indication based on codebook. For NR, as reciprocity may not be available or ideal, codebook based precoder/beam/port indications should also be supported. As the number of UE antennas is much larger, and antenna configurations are also more complex, variable RF beam is considered in NR, more challenges exist in the codebook design. 

2.1 Definition of codebook and non-codebook based transmission
Although Codebook and Non-codebook based UL transmission are usually mentioned in RAN1 agreements, in fact the definition of the two transmission types is not clear until now. It seems that there is no consistent understanding on how to distinguish Codebook and Non-codebook based UL transmission.  Here we distinguish these two transmission schemes based on whether TPMI is needed.
In our view, Codebook based UL transmission  includes at least the following cases ：
· Case 1a: A  single SRS resource(including N1 ports, N1>1) is configured, no SRI is needed. TPMI is indicated. 
· Case 1b: K SRS resources are configured (including Nk  ports in the kth SRS resource, K>1) , for k=1,..,K, Not all Nk=1.  Multiple TPMIs are indicated.  
Non-codebook based UL transmission  includes at least the following cases ：
· Case 2a: A single SRS resource (including N1 ports, N1=1) is configured, no SRI, TRI, TPMI is needed.
· Case 2b: K SRS resources are configured  (including  Nk   ports in the kth SRS resource, K>1) , for k=1,..,K, all Nk=1, SRI is needed, no TPMI is needed. 
With this understanding, we proceed to the discussion on codebook based transmission in this contribution.
2.2 Framework of CB based transmission
We show a framework of CB based transmission  in Figure 1below ：
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                                                   Figure 1: Framework of  codebook based UL transmission
A SRS resource pool including K>=1 SRS resource is configured by high layer signalling, in general, SRS ports in the same resource are expected to have similar characteristics in different aspects in different cases, e.g. SRS ports are coming from the same panel, SRS ports are coming from the same beam, SRS ports are coming from the same or different TXRUs, etc.
Here we consider an example of configuring one SRS resource per panel for CSI acquisition stage to multi-panel transmission.  gNodeB sends indication on selection of  X>= SRS resources to UE with  each SRS resource corresponding to a layer group. An example is given in Figure 1. X=2 SRS resources are selected for UL transmission, SRS resource 1 is corresponding to layer 1,…,r1, and SRS resource 2 is corresponding to layer r1+1,…, r2.   Here r1 is indicated by TRI1 and r2 is indicated by TRI2 respectively. Codebook can be configured resource-specifically, and two TPMIs are sent to UE.
This framework is beneficial in the following perspectives:
Simplify UL codebook design 

This framework simplifies codebook design as it does not require to support of large number of ports.  Multi-panel joint transmission can be supported by indication of multiple SRIs and PMIs.  The codebook corresponds to ports with similar channel characteristics which also simplify codebook consideration.
Support flexible transmission scheme

This framework can be used to support different transmission scheme e.g. dynamic panel/point selection, Joint transmission on same layer or different layers.  Both precoded SRS and non-precoded SRS can be supported in this framework.

Proposal 1：The framework of UL transmission proposed in Figure 1 should be supported
2.3 Codebook for UL transmission

Codebook configuration
UL codebooks can be used for: SRS ports virtualization,  TXRU virtualization, precoding of data/control channel and DMRS etc.  
UE-aided and BS-centric mechanism can be considered. The following options can be the candidates. 

· Option-1: BS decides and informs UE the configurations of the UL codebook, including sending the codebook directly and sending the parameters for the codebook.
· Option-2: BS configures more than one UL codebooks and informs UE these codebooks. UE selects one or a subset from the codebooks and reports its selection. BS decides the final codebook based on UE report and informs UE the decision.

· Option-3: UE reports the antenna configuration/SRS port virtualization related parameters. BS decides the final codebook based on UE report and informs UE the decision. 

For Option-1, the approach has simple procedure of determining codebook, but the main issue is that BS is not aware of antenna configuration of UEs, which means that the design of UL codebook is very difficult.

For Option-2, the codebook configured by BS can contain several codebooks suitable for various antenna configuration, and UE can achieve efficient selection of desirable codebook or codebook set. However, the design of the corresponding codebook is still very hard taking into account numerous possible antenna configurations and SRS ports virtualization method  for UE.

For Option-3. UE can report some antenna configurations, like antenna topology, polarization configuration, the number of vertical/horizontal panel, the number of vertical/horizontal elements within each panel, the number of TXRU and virtualization methods, the maximal resolution of beams, SRS port virtualization method and so on. Subsequently, BS generate the UL codebook accordingly. Compared with Option-1&2, BS can achieve more efficient codebook configuration after obtaining the antenna configurations of UE and scenario information. Owing to the requirement of definition of antenna configuration, only portion of classical configuration can be standardized.  
It can be observed that Option-3 has better flexibility for the design of UL codebook besides performance advantage.  
Proposal 2: UE reports its antenna configuration, TXRU virtualization, and/or SRS port virtualization related parameters to the BS for codebook configuration for UL transmission 
Codebook types 

SRS ports in the same resource are expected to have similar characteristics. Different codebook should be considered for different characteristics. 
Type I: Port selection precoder
In LTE, UL codebook includes port selection.  This can control peak-average power ratio more easily. Considering NR still supports DFT-s-OFDM, this types of precoder should be supported.  In addition, new use cases are introduced by hybrid beamforming.  Therefore, port selection precoder should be considered for the following cases：

case 1a :  All the ports in a SRS resource are from different TXRUs. 

case 1b :  a SRS resource contains lots of different beams from the same TXRU. 

case 1c : a SRS resource contains two ports corresponding to two imbalance panels respectively.
Type II: Port combination precoder
In LTE DL, it supports codebook for port combination. In NR, we can consider to reuse it on UL as well.  This set of precoders does combination in phase from different TXRUs including different polarization directions.  
Selection of different types of codebook may depend on various factor including UE capability and switching between different transmission schemes.  Configuration of codebook can be done in two steps.  First, UE reports which set of precoders it can support.  Then the gNB can configure subset of precoders according to its desired UL transmission schemes.  This configuration can be done by CSR similar to LTE DL.
Proposal 3:  Codebook subset restriction is supported to select port selection/combination precoders from UL codebook
2.4  DMRS mapping for codebook based transmission
For codebook based UL transmission according to SRS measurement, there are two alternatives of DMRS mapping between DMRS and SRS.
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                                                   Figure 2: Alt-1 for UL Precoding
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                                                   Figure 3: Alt-2 for UL Precoding
Alt-1：Transparent DMRS based: Data transmission and DMRS ports are have the same precoder which is based on measurement from SRS.  If only PMI is involved,  the DMRS mapping is done like LTE.  If multiple SRIs are involved, SRI to DMRS mapping needs to be defined.  e.g. in the order of the indication.

Alt-2: Non-transparent DMRS based: DMRS has different precoders as data transmission.  Figure 3 shows the two stage precoder.  Precoding of DMRS is based on W1 which is based on SRS selection (SRI) or W1 wideband codebook selection.   W2 are subband precoders which can be applied to DMRS to obtain the final precoder used for the data. 

On UL, the difference from DL is that the UL precoder is indicated non-transparently through TPMI.  Non-transparent DMRS based transmission can be more easily supported.  The major benefit of this is DMRS bundling can be done with larger bundling size which increase the channel estimation performance.  In addition, for hybrid beamforming, it also matches the property that analog beamforming by SRI is wideband and digital beamforming by PMI is subband.  Moreover, non-transparent scheme can be also used for semi-open-loop/open loop schemes.
Proposal 4: Both Alt-1 and Alt-2 (i.e. transparent DMRS and non-transparent DMRS based transmission) for UL transmission  should be supported in UL codebook based transmission.
2.5 Control signaling

For DL signaling, there is discussion on two level DCI [3] and one level DCI. For two level DCI, the first level DCI contains common signaling field for all transmission schemes, and indicates the existence of the second level DCI which contains transmission scheme specific signaling. However, when UE is configured to closed-loop transmission scheme, the existence of subband W2 is on condition that first level DCI contains wideband W1, the signaling overhead of  W1 can’t be saved when W1 is a long-term parameter and W2 is a short-term parameter. For one level DCI, PMI and other signalling are included in one single DCI. One level DCI can be a unified design for uplink and downlink transmission schemes. 

Proposal 5: One level DCI can be supported for TPMI indication considering the unified design for uplink and downlink transmission schemes.
3. Conclusion
In this contribution, we discuss the codebook-based transmission for NR. From the above discussion, we have the following proposals:
Proposal 1：The framework of UL transmission proposed in Figure 1 should be supported

Proposal 2: UE reports its antenna configuration, TXRU virtualization, and/or SRS port virtualization related parameters to the BS for codebook configuration for UL transmission 
Proposal 3: Codebook subset restriction is supported to select port selection/combination precoders from UL codebook
Proposal 4: Both Alt-1 and Alt-2 (i.e. transparent DMRS and non-transparent DMRS based transmission) for UL transmission  should be supported in UL codebook based transmission.
Proposal 5: One level DCI can be supported for TPMI indication considering the unified design for uplink and downlink transmission schemes.
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