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1. Introduction
In RAN1#90bis meeting, a lot of agreements have been achieved[1]. 

Agreement:

· For 4 Tx with wideband TPMI, use at least single stage DCI

· FFS for 2 stage DCI

· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:

· Alt 1: Rel-10 UL, possibly with additional entries: 

· Alt 2: Rel-15 DL, possibly with additional entries: 

· Alt 3: Rel-8 DL, possibly with additional entries

· Evaluate performance of candidate codebooks & decide by RAN1#91

Agreement:

NR supports 3 levels of UE capability for UL MIMO transmission 

· Full coherence:       All ports can be transmitted coherently

· Partial coherence:   Port pairs can be transmitted coherently

· Non-coherence:       No port pairs can be transmitted coherently

For 1 SRS resource

· Full coherence:  All ports corresponding to ports in an SRS resource can be transmitted coherently

· Non-coherence: All ports corresponding to ports in an SRS resource are not transmitted coherently

· Partial coherence: Ports pairs corresponding to ports in an SRS resource can be transmitted coherently

Agreement:

In RAN1#91, decision will be made whether, in addition to codebook based transmission using one SRS resource, codebook based transmission using multiple SRS resource including non-coherent inter-SRS resource transmission is supported

· Non-coherent inter-SRS resource transmission: 

· FFS: use of two DCI, with one TPMI per DCI

· One TPMI/TRI per SRS resource is signaled 

· Note: Indication of selection of multiple SRS resources was agreed

Agreement:
· For single SRS resource case with CP-OFDM with 2 ports 

· Use Alt 1 from RAN1#90: include TPMIs 4 & 5 for rank 1 and TPMI 2 for rank 2, except the scale factor is FFS

In this contribution, the remaining issues  are discussed, including 4Tx UL codebook for CP-OFDM, codebook subset restriction, multiple SRS resource based transmission and DL control signaling for  UL codebook based transmission, etc.
2. Discussion 

2.1 4Tx UL Codebook for CP-OFDM
There are three alternatives for NR UL 4 Tx codebook with CP-OFDM.  For UL codebook based transmission, since we have agreed that full coherence, partial coherence and non-coherence should be supported for single SRS resource, it means that three types of  precoder should be supported in UL 4Tx codebook for CP-OFDM. 

Alt-1 - Rel-10 UL Codebook: This codebook was originally used for DFT-s-OFDM. In LTE Rel-10, besides throughput performance, PAPR and UE complexity were two important considerations for UL codebook design too. In Rel-10 UL codebook, only QPSK elements are used in precoders to reduce complexity. To avoid high PAPR, each antenna transmits only signals from one layer. For one layer transmission, this codebook can support partial coherence , full coherence, for multi-layer transmission, this codebook can support partial coherence , non-coherence. 

Alt-2/3 - Rel-15/Rel-8 DL Codebook: These codebooks perform well when theY are used for DL CSI feedback. Considering high spatial correlation is also typical for UL channel, DFT precoders in these codebooks are still useful for some UL scenarios. However,antenna configurations of some UEs may be very different from antenna configuration of the gNB. Thus, channel conditions corresponding to different antennas at UE side may be very different due to radiation patterns pointing in different directions especially for high-frequency communication. Since partial coherence and non-coherence can not be supported if  DL codebook is simply reused,  if  Alt2/3 is adopted, we should add a lot of other types of precoders which contains one or more zero elements. 

In last meeting, the agreement is to downselect one of the three alternatives. It seems that selecting a DL codebook as a baseline do not reduce the standard effort obviously. If only one alt can be selected, based on the above analysis , Alt.1 is more preferred, we can adopt Rel-10 UL codebook with additional entries for NR 4Tx codebook for CP-OFDM

Proposal 1: Adopt  Alt-1 (Rel-10 UL, possibly with additional entries)  for NR 4 Tx codebook for CP-OFDM
To reduce complexity and avoid high PAPR, there are some restrictions for Rel-10 UL codebook design. These restrictions degrade performance more or less. For further optimizing codebook performance, 8PSK precoder can be considered, and for high rank , some precoder should support mapping multiple layer to one antenna. 

Besides, for one layer case, the following precoders should be introduced for supporting non-coherent transmission: 1/2*[1 0 0 0]T ,1/2*[0 1 0 0]T ,1/2*[0 0 1 0]T ,1/2*[0 0 0 1]T

For multi-layer cases, since full coherent transmission is not supported based on Rel-10 UL codebook design, we can  consider to add some DFT precoders to this codebook.

Proposal 2: For additional entries to be added in the LTE Rel-10 UL codebook
-       For one-layer case, add the following four precoders  to support non-coherent transmission. 

-
1/2*[1 0 0 0]T ,1/2*[0 1 0 0]T ,1/2*[0 0 1 0]T ,1/2*[0 0 0 1]T
-       For multi-layer cases, add some DFT precoders to  for support of  full coherent transmission. 
2.2  Codebook subset restriction
To reduce unnecessary signaling overhead, the working assumption on TPMI overhead is that NR should support overhead reduction for TPMI and TPMI related signaling. A straightforward way is to restrict codewords from 2 or 4 Tx codebooks. There are three options for codebook subset restriction. 

Option-1.1:  using a RRC bitmap to restrict precoders, the length of the bitmap is number of precoders in UL codebook. 

Option-1.2:  selecting a subset of precoders based on UE coherence type(e.g. 3bit RRC signaling). 
Option-2  :      partly set by UE coherence capability signing . 
The TPMI related signaling field in an UL grant is budgeted according to the number of valid codebook entries after applying the codebook subset restriction to UL codebook.

Option-1-1 and Option 1-2 are more flexible than option-2.  For example, for a cell edge UE, precoder contains lots of zero elements may not be  selected due to power issue for full coherent transmission. Then both Option-1.1 and Option-1.2 can further reduce overhead. Further, gNB can restrict some UL Tx beams based on flexible CBSR signaling for the use cases of UL interference coordination and stationary channel.  Especially for stationary channel, TPMI rarely changes but we need to have UL grant with TPMI in every slot.  It is very wasteful to indicate the same TPMI in DCI. MAC-CE can be also considered to down-select one from multiple CBSR configurations. CBSR has a great benefit of reducing overhead in such case since it is possibly to reduce the TPMI bitwidth to 1 bit or even 0 bit.

Proposal 3: Support the following approach  for overhead reduction for TPMI and TPMI related signaling

· Using a RRC bitmap to restrict precoders, the length of the bitmap is number of precoders in UL codebook

· The TPMI related signaling field in an UL grant is budgeted according to the number of valid codebook entries after applying the codebook subset restriction to UL codebook

2.3 Multiple SRS resource based transmission
Codebook based transmission using multiple SRS resource including non-coherent inter SRS resources transmission is still FFS now. Multiple SRS resource based UL transmission could be configured for UE with  multiple panels.  For UE implementations,  especially at higher frequencies, it is expected that the different panels within a UE will experience very different channels, that means the QCL parameters may be different. If only one SRS resource based UL transmission is supported,  gNB can not assume all the ports in a SRS resource has similar properties, it will degrade performance of channel estimation and increase complexity.

For multiple SRS resource based transmission, both one TPMI and multiple TPMI should be considered. For one TPMI case, a codebook corresponding to the total port number of  multiple SRS resources is used.  For multiple TPMI case, multiple codebooks corresponding to the port numbers of  each SRS resource respectively are used

Here we consider an example of configuring one SRS resource per panel for CSI acquisition stage to multi-panel transmission with multiple TPMI.  gNodeB sends indication on selection of  X>=1 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 the first layer group, including layer 1,…,r1, and SRS resource 2 is corresponding to second layer group, including 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 should be sent to UE.
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                                  Figure 1: Multiple SRS resource based transmission with multiple TPMIs
This framework can be used for >4 Tx UL transmission based on <=4 Tx codebook. different transmission scheme e.g. dynamic panel/antenna group selection, multi-panel joint transmission for same layer or different layers are supported.  
Proposal 4：Multiple SRS resource based transmission should be supported
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 5: 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 signalling for codebook based transmission
For DL signaling, there is discussion on two level DCI [2] 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 6: signle DCI can be supported for TPMI indication considering the unified design for uplink and downlink transmission schemes.
For UL CB based transmission, gNodeB should signal SRI, TPMI and TRI in DCI. Multiple SRIs will be supported , each SRI may have different port number, for different SRS resources, the maximum number of transmission layer and the total number of codewords in codebook may be different. So, jointly encoding SRI, TPMI and TRI an efficient way. 

Proposal 7:  Support jointly encoding  SRI, TPMI,TRI  in DCI

2.6 Subband TPMI for frequency selective precoding

Subband TPMIs are beneficial for UL transmission if the channel is frequency selective. However, indications of subband precoders in every subband would increase overhead of DCI significantly.  So we need a trade-off on PDCCH performance and PUSCH performance.   We can reduce DCI signaling overhead on two aspects.

gNodeB can configure multiple sets of subband precoder parameters by high layer signaling for a long time window. In each set, it contains the following parameters：subband size, codebook subset (if needed), and multiple TPMIs corresponding to multiple subbands.  These high layer subband precoder parameters should be configured for all PRBs in UL. Both RRC signaling and MAC-CE should be considered for subband precoder configuration. gNodeB can dynamically indicate a set of indexes to UE for current UL transmission through DCI if channel condition or interference condition is changed, the UE can determine subband precoder based on RA information and parameters in the indicated set. This approach is shown in Figure 4. In this approach, we don’t need lots of bits to indicate multiple TPMIs in DCI, we believe that less than 4 bits are required. 
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                                                   Figure 4: dynamic selection of subband precoder configuration
Different granularity of UL precoder in frequency domain should also be considered for reducing DCI overhead. One example is that gNodeB signal a wideband TPMI, and multiple subband TPMIs for selected subbands.   If gNodeB observes obvious mismatch between the wideband precoder and the channel matrix for some subbands, the subband TPMIs can be signaled for improving UL transmission performance.  In this approach, gNodeB should signal the indexes of these subbands.  

How to define subband  for UL precoder  is similar to  how to define bundling size for DL precoder, since we agree that PRB bundle is based on absolute PRB-grid of a component carrier, we think that subband TPMIs should not be determined by resource allocation for a slot 

Proposal 8:  subband TPMIs should not be determined by resource allocation for a slot
3. Conclusion
In this contribution, we discuss the codebook-based transmission for NR. From the above discussion, we have the following proposals:
Proposal 1: Adopt  Alt-1 (Rel-10 UL, possibly with additional entries)  for NR 4 Tx codebook for CP-OFDM
Proposal 2: For additional entries to be added in the LTE Rel-10 UL codebook
-       For one-layer case, add the following four precoders  to support non-coherent transmission. 

-
1/2*[1 0 0 0]T ,1/2*[0 1 0 0]T ,1/2*[0 0 1 0]T ,1/2*[0 0 0 1]T
-       For multi-layer cases,add some DFT precoders to  for support of  full coherent transmission. 
Proposal 3: Support the following approach  for overhead reduction for TPMI and TPMI related signaling

· Using a RRC bitmap to restrict precoders, the length of the bitmap is number of precoders in UL codebook

· The TPMI related signaling field in an UL grant is budgeted according to the number of valid codebook entries after applying the codebook subset restriction to UL codebook

Proposal 4：Multiple SRS resource based transmission should be supported
Proposal 5: 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 6: One level DCI can be supported for TPMI indication considering the unified design for uplink and downlink transmission schemes.
Proposal 7:  Support jointly encoding  SRI, TPMI,TRI in DCI

Proposal 8:  subband TPMIs should not be determined by resource allocation for a slot
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