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1. Introduction

In RAN1#86bis and #87 meetings, following agreements are made regarding NR UL MIMO. 
	Agreements:
· At least one of precoded and non-precoded SRS based UL link adaptation procedure should be supported in NR, with at least following different procedures:

· UL data scheduling (MCS/precoder/rank) is based on non-precoded SRS transmission by UE

· Configurable number of SRS ports are 1, 2, 4, or [8]. Other possible numbers FFS.

· FFS on precoder/codebook
· UL data scheduling (MCS/precoder/rank) is based on precoded SRS(s) transmission by UE

· Configurable number of SRS ports are 1, 2, or 4. Other possible numbers FFS.

· Multiple precoded SRS resources (if supported) can be configured.

· At least one of the following is supported

· Precoder for SRS can be determined by UE based on measurement on DL RS and 

· Precoder for SRS can be indicated by gNB
· FFS on precoder/codebook

· UL data scheduling (MCS/precoder/rank) is based on a combination of non-precoded and precoded SRS transmission by UE
· Note: Some parts of above procedures might be transparent to UE

· FFS: UE may select a subset of SRS ports for SRS transmission
Agreements:
· For the purpose of discussions, replace the classifications ’closed-loop’/‘open-loop’ with method-based classification of ‘precoding’ and ‘precoder cycling’
· Signalling and UL-CSI measurement support are to be addressed separately
· Both precoding and precoder cycling can be considered for UL DMRS-based spatial multiplexing (SM)
· Note: For only CP-OFDM waveform, SFBC is covered by this clarification
· Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is greater than X
· Following examples can be studied

· Example 1: Precoding information for a given partial BW is explicitly indicated by gNB

· The precoding information can be indicated through a hierarchical indication manner with wideband W1 and subband W2

· W1 and W2 can be signaled in one DCI or two separate DCIs

· Example 2: A single beam group in UL codebook is indicated by BS for UL transmission in perspective of the system bandwidth

· Example 2a: Precoder cycling  is adopted within the beam group 

· Example 2b: The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.

· Example 3: Reciprocity based precoding

· Other examples are not precluded
· FFS: X value
Agreements:

· An NR-SRS resource comprises of a set of resource elements (RE) within a time duration/frequency span and N antenna ports (N ≥ 1)
· FFS on the time duration/frequency span

· A UE can be configured with K ≥ 1 NR-SRS resources
· Consider the maximum value of K to be a UE capability to avoid mandatory support for large values of K 


In this contribution, we further discuss UL-MIMO with frequency selective precoding and precoded SRS based transmission, based on the above agreements.

2. Discussion on frequency selective precoding

To apply frequency selective precoding for UL-MIMO in NR, the increased control channel overhead due to indicating subband PMIs may be a critical problem. Although it may also be considered to signal multiple PMIs separately from UL-related DCI and to include a pointer field in the DCI for indicating such signaling as discussed in [1], this kind of two-step approach may not be desired due to its latency on providing the full information of subband-wise multiple PMIs as the first step. In other words, the motivation of introducing such frequency selective UL precoders is to achieve fast UL link adaptation exploiting the frequency domain as well, so that the full set of precoder information is desired to be delivered instantaneously to UE when it is scheduled for UL transmission. Therefore, we prefer the following option for supporting frequency selective UL-MIMO precoding identified in the above agreement:

· The precoding information can be indicated through a hierarchical indication manner with wideband W1 and subband W2

· W1 and W2 can be signaled in one DCI
More specifically, to resolve the control channel overhead issue for frequency-selective UL-MIMO scheduling, applying the dual codebook structure as in DL similarly to this UL case, e.g., 4-Tx case, seems needed to be investigated. A final UL precoder W per subband can be decomposed into a wideband PMI component W1 and the corresponding subband PMI component W2. Then, in the UL scheduling DCI, the W1 information is enough to be included once, and multiple W2’s are required to be included depending on the scheduled RB region given by a resource allocation field in the same DCI. How to define the codebook for W1 and W2 is for further study, but the baseline should be reusing Rel-12 DL 4-Tx codebook. Note the existing LTE 2-Tx DL codebook can be reused as it is for the 2-Tx UL case and the whole per-subband PMIs need to be provided in the UL scheduling grant.

Proposal 1: The whole subband UL-MIMO precoders should be provided to UE instantaneously in the UL scheduling grant, and its wideband component can be included once for control channel overhead reduction.
3. Discussion on precoded SRS based transmission
For UL link adaptation (LA), LTE supports to configure UE to transmit SRS with different multiple sets of SRS related parameters, where UE may apply implementation-specific precoding/selection on SRS port(s) especially when the configured number of SRS port(s) is smaller than the UE’s total Tx antenna ports. Compared to Rel-13/14 (e)FD-MIMO beamformed CSI-RS based operations, precoded/beamformed SRS transmissions for UL LA need to be thoroughly investigated in NR. Similar to two different types of DL CSI-RS resource, i.e., Type 1 for MIMO CSI feedback and Type 2 for DL beam management, as discussed in our companion contribution [2] which is based on the related agreements, two different types of SRS resources also need to be further defined, in terms of their different operational purposes, i.e., Type 1 SRS resource for UL link adaptation, and Type 2 SRS resource for UL beam management.
Proposal 2: NR should define two different types of SRS resources in terms of their different operational purposes, i.e., Type 1 for UL link adaptation, and Type 2 for UL beam management.
Especially for Type 1 SRS resource for UL link adaptation, there can be three operational classes in terms of the UL LA process as follows:
· Class A (UL-LA based on transmitting a non-precoded SRS)

· UE can be configured with one Type 1 SRS resource, on which the UE transmits non-precoded SRS.

· Based on measuring UE’s transmitted non-precoded SRS port(s), the TRP determines MCS and/or precoder across the SRS ports, and indicates them when UL scheduling grant is delivered to the UE. 
· If 4-Tx UE and CP-OFDM case, the above dual codebook structure is used for frequency-selective UL-MIMO precoders.

· Class B (UL-LA based on transmitting precoded SRS(s))

· UE can be configured with one or more Type 1 SRS resources, on which TRP-indicated beamforming or TRP-transparent beamforming is applied for the SRS transmission on each SRS resource.

· Based on measuring UE’s transmitted precoded SRS resource(s), the TRP determines SRS resource indicator (SRI) in case of multiple configured SRS resources, MCS, and/or precoder across the SRS ports within the SRI, and indicates them when UL scheduling grant is delivered to the UE. 

· Class C (UL-LA based on transmitting a non-precoded SRS, and after that, transmitting a precoded SRS according to TRP’s indication)

· Based on measuring UE’s transmitted non-precoded SRS K1 port(s), the TRP determines coarse beamformer and indicates it to the UE to be applied on transmitting the following precoded SRS K2(≤K1) ports(s). Then, based on measuring UE’s transmitted precoded SRS port(s), the TRP determines MCS and/or precoder, and indicates them when UL scheduling grant is delivered to the UE. 
Based on the above classes for which support capability may be reported by UE, different UL-LA process can be configured UE-specifically, including which class of SRS transmission is conducted by the UE. Regarding precoded SRS transmission cases, e.g., classes B and/or C above, multiple Type 1 SRS resources can be configured to UE, where the UE transmits differently-beamformed SRS port(s) on each configured SRS resource. TRP may indicate such beamformer information to the UE, or UE is allowed to apply TRP-transparent beamformer for the SRS transmission. Then, when UL scheduling grant is given to the UE, the TRP can indicate a SRS resource indicator for which the UE should apply the same beamformer used on the SRS transmission corresponding to the indicated SRS resource, for the scheduled UL transmission. Also, on the selected SRS resource, TRP may further indicate digital precoding information, e.g., UL PMI, over the SRS port(s) within the indicated SRS resource. Note the configured number of SRS ports for each SRS resource can be interpreted as a target rank in UE’s UL transmission. Therefore, TRP may configure multiple Type 1 SRS resources, each corresponding to the different rank, e.g., v-port SRS configured for v-th Type 1 SRS resource, where v = 1, 2, 3, 4, to cover rank 1 to 4. Related procedures in details should be further investigated.
Proposal 3: Based on different classes in terms of UL link adaptation process, non-precoded and/or precoded SRS transmission related procedures should be further investigated.
When a Type 2 SRS resource for UL beam management is configured to a UE and multiple SRS ports are configured within the resource, different analog beams should be applied on the configured SRS ports for supporting UL beam management. Assuming every SRS transmission instance consists of a single OFDM symbol for a configured Type 2 SRS resource with P SRS ports, for example, the UE applies P different analog beam directions, each applied to a different SRS port, and transmits them simultaneously on every SRS transmission instance. For this example, the UE may be implemented with P TXRUs/panels, so that the value of P or related information may need to be initially delivered to gNB as UE capability signaling, to be utilized for proper configurations on Type 2 SRS resource(s) for UL beam management.
After measuring transmitted SRS ports in Type 2 SRS resource, gNB may select preferred analog beam(s) to be used for applying to Type 1 SRS resource(s) or directly applying to some UL data transmissions to be scheduled, via relevant L1/L2 signaling with detailed mechanisms FFS.

Proposal 4: NR should support mechanisms on UL beam management to indicate preferred beam(s) selected by gNB after measuring transmitted SRS ports in Type 2 SRS resource, to be applied on Type 1 SRS resource(s) or UL data transmissions to be scheduled.
4. Conclusion
In this contribution, we shared our view on NR UL MIMO. The proposals are listed as follows:

Proposal 1: The whole subband UL-MIMO precoders should be provided to UE instantaneously in the UL scheduling grant, and its wideband component can be included once for control channel overhead reduction.
Proposal 2: NR should define two different types of SRS resources in terms of their different operational purposes, i.e., Type 1 for UL link adaptation, and Type 2 for UL beam management.
Proposal 3: Based on different classes in terms of UL link adaptation process, non-precoded and/or precoded SRS transmission related procedures should be further investigated.
Proposal 4: NR should support mechanisms on UL beam management to indicate preferred beam(s) selected by gNB after measuring transmitted SRS ports in Type 2 SRS resource, to be applied on Type 1 SRS resource(s) or UL data transmissions to be scheduled.
5. Reference

[1] R1-166782, UL MIMO for NR, Samsung.
[2] R1-1700476, Discussion on CSI acquisition framework, LG Electronics.
