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1. Introduction
In RAN1 #88, it is agreed that the following techniques are studied for NR UL MIMO[4]. 

· 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 last RAN1 #89, it is agreed that frequency selective precoding should be supported as following. 

· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B
· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B
· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)
· Note: frequency-selective TPMI is to be discussed separately
In this contribution, we show our views on non-codebook-based and hybrid UL transmission.
2. Definition of non-codebook and 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. 
Hybrid based transmission can have combination of the two.  With this understanding, we proceed to the discussion on non-codebook based and hybrid based transmission in this contribution.

3. UL MIMO considering different degree of channel reciprocity 
For UL MIMO, UE can confirm the UL precoding group or beam group according to the DL receive beam, if partial or full reciprocity information is available. This means channel reciprocity would improve the flexibility of UL precoding significantly, reduce the complexity of codebook design and meanwhile save the cost of signaling.  Even for the case of no reciprocity, beamformed SRS can be used instead of pure codebook based UL transmission.  To be more specific, the following categories can be divided:

Full/Ideal Reciprocity based operation：

With ideal reciprocity, UE decides UL channel property according to DL antenna port(s). Firstly UE determines the DL-Tx beam of BS and the DL-Rx beam.  Subsequently, UE identifies the UL-Tx beam accordingly. If one DL-Tx beam pairs with several DL-Rx beams or UE reports several DL-Tx beams pair with different DL-Rx beams, UL also has several UL-Tx candidate beams. BS can select the desirable one based on beamformed SRS with reciprocal beams, and subsequently indicates that UE can use one or multiple UL-Tx beams to achieve transmission. For BS, according to this indication and reciprocity, the beam paired with UL Rx beam can be used for UL reception.  To do such connection between UL and DL, association of DL antenna ports and UL antenna ports can be considered as proposed in [3].  This association can be similar to QCL. QCL for UL is discussed in [1].

Proposal 1: Association between DL antenna ports (e.g. DL DMRS) and UL antenna ports (e.g. SRS) can be used  to support channel reciprocity.  Association can be done in similar manner of QCL.  
Partial/Non-ideal Reciprocity based operation
Non-ideal reciprocity includes the cases without calibration for reciprocity, with asymmetry between UL and DL antenna configuration and FDD. In such scenario, UL-Tx beams might not be in the exact reciproical direction  according to UL Rx beam, but as partial information improving the UL precoding performance and hence reducing the signaling overhead can still be achieved. For instance, according to DL-Tx/Rx beam, one group of beams can be determined for selecting more efficient UL sub-codebook.  Beam group size can be decided by the degree of channel reciprocity.  

Proposal 2: Beam group can be used to link between UL and DL transmission and still allows the flexibility according to different degree of channel reciprocity.  

Operation without reciprocity

In case of no reciprocity, beamformed SRS can be used in the manner analogous to FD-MIMO Class B K>1 or eFD-MIMO hybrid CSI.  K Beamformed SRS can be transmitted by the UE and the BS informs UE which beamformed SRS and possibly its PMI associated with the selected SRS.  Then the UE transmitted the data and/or 2nd stage of beamformed SRS accordingly.  

4. K>1 Beamformed SRS or Hybrid based SRS 
To strive for a common design framework between UL SRS and DL CSI-RS and consider different degree of channel reciprocity, the approach analogous to LTE Class B eMIMO-Type with K>1 CSI-RS resources can be applied to SRS in NR.  Multiple NR-SRS resources are configured to UE by gNB, then UE send SRS (type 1 SRS) based on these NR-SRS resources.  The number of SRS resources would depend on the degree of channel reciprocity.  This can correspond to a beam group.  After receiving SRS, gNB selects optimized NR-SRS resource and indicate to UE by SRI (SRS resource Indicator similar to CRI for CSI-RS). UE send SRS (type 2 SRS) based on this indication, as showed in figure 2. Some examples are shown as following:

- BS selects SRI(s) for the first (type 1) SRS transmission (e.g. each SRI corresponds to one port only) and indicates it to UE.  UE forms one or multiple beamformed SRS (type2 SRS) based on the SRI(s).  

- BS selects SRI. Meanwhile multiple ports are selected via port selection codebook (e.g. each SRI corresponds to multiple ports). gNB indicates the SRI and port selection to the UE.  UE then forms multiple beamformed SRS (Type 2 SRS) based on this indication.

- BS selects SRI. PMI is also selected via codebook (e.g. W1 or W1+W2 codebook) Each SRI may correspond to multiple ports. gNB indicates the SRI and PMI to the UE.  UE then forms multiple beamformed SRS (Type 2 SRS) based on this indication.  A special case of this one is non-precoded SRS is used for Type 1 SRS, i.e. only PMI indication is needed.  

[image: image1.emf]BS UE

Configure multiple  

SRS resources

Send multiple type 1 

SRS

SRS resource index

Send type 2 SRS


Fig.2 Procedure of CSI acquisition with two-type SRS transmission
Proposal 3:  Support non-codebook based scheme analogous to DL CSI acquisition using LTE Class B K≥1 and hybrid CSI mechanism in NR
5.  Frequency-selective precoding
In RAN1#89 meeting, it was agreed that frequency selective precoding for CP-OFDM should be supported when the number of transmission ports is >2. 
Upon using frequency selective precoding, performance is expected to be enhanced, especially in the SBs that channel condition is good. On the other hand, frequency selective precoding would cost  more DCI overhead, even for non-codebook based approach, where SRI needs to be indicated in DCI. Hence design of frequency-selective precoding for non-codebook based scheme should consider DCI overhead carefully. 

Generally, if channel condition is good, SB SRI indicated by DCI can achieve good match to the real channel. Then performance can be enhanced significantly. However, in some SBs, where deep fading exists, SB precoding would not bring too much gain compared with WB precoding. Hence a solution to low overhead frequency-selective precoding is to indicate partial-SB SRI to UE, whereas other SBs can just use the WB SRI. Compared with the scheme that gNB configures a large SB size, similar DCI overhead is used.  However, partial-SB precoding would bring better flexibility and potential to enhance performance, as the SB-specific operation would benefit more from the SB with better channel condition.

Other than SRI, CRI can also be used for non-codebook based indication when channel reciprocity is presence. Moreover, if even with partial-SB SRI/CRI, DCI overhead is still a major concern, e.g., for the case that PDCCH resource is limited, saying one or less than one symbol, a multi-level signaling structure can be considered to further reduce DCI overhead. Specifically, MAC CE can be used to configure a subset of the candidate partial-SB SRI/CRIs, and DCI is used to select one or more from the subset. 

Proposal 4:  For frequency selective precoding, SB indication should be designed carefully considering DCI overhead.

· Partial-SB SRI indication is a good solution to achieve low DCI overhead.
6. Conclusion
In this contribution, we discuss non-codebook based and hybrid based UL transmission for NR. From the above discussion, we have the following proposals:
Proposal 1: Association between DL antenna ports (e.g. DL DMRS) and UL antenna ports (e.g. SRS) can be used  to support channel reciprocity.  Association can be done in similar manner of QCL.  
Proposal 2: Beam group can be used to link between UL and DL transmission and still allows the flexibility according to different degree of channel reciprocity.  

Proposal 3:  Support non-codebook based scheme analogous to DL CSI acquisition using Class B K≥1 and hybrid CSI mechanism in NR
Proposal 4:  For frequency selective precoding, SB indication should be design carefully considering DCI overhead.

· Partial-SB SRI indication is a good solution to achieve low DCI overhead.
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