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Introduction
In RAN1 NR Ad-Hoc #2, the following agreements were made regarding non-codebook based UL transmission [1]:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support at least one of the followings: 
· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant
· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant
· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant
· Alt.4: Signalling of a single TRI, a single CRI without TPMI indication in the UL grant
· To down-select in the next meeting considering single- vs. multi-panel (companies are encouraged to perform more evaluations)
· Note: this may depend UE’s capability in terms of calibration
In RAN1 Ad-Hoc #3, the following working assumption was agreed [2]:
· For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 
· Note: to support high rank transmission, multiple SRS resources should be indicated
· FFS: subband SRI indication
· FFS: Details of DCI for wideband SRI indication
· FFS: Details on how to reduce the overhead and SRS resource
In this contribution, we discuss our views on subband indication of PUSCH precoder and necessary procedures for non-codebook UL transmission.  This contribution is a resubmission of [3].  
Discussion
Need for subband indication of PUSCH precoder
Since it has been agreed that frequency-selective precoding can be configured in some cases, one open issue in non-codebook based UL MIMO is thus how to support subband indication of PUSCH precoder determination.  In this section, we examine the need for subband indication. 
With SRI(s)-only solution, a UE may be configured with a number of SRS resources and each resource may contain only one SRS port.  Based on reciprocity, the UE may choose multiple precoding candidates for precoded SRS transmission.  The gNB can signal to UE one or more SRIs to down-select the precoders from the recommendation.  The transmission rank is implicitly informed by the SRI(s), i.e., the number of layers equals to the total number of SRS ports associated with the selected SRS resources.  For example, if a UE is configured with 4 single-port SRS resources, a 4-bit bitmap can be used for indicating the SRI(s).
To signal subband precoding information, two mechanisms can be considered.  In one way, the subband precoding can be determined by gNB.  As shown in Figure 1(a), the gNB can configure the UE multiple subband SRS resources for each SRS port and indicating the SRI(s) for each scheduled subband.  Depending on the number of scheduled subbands, subband SRI indication may require additional bits in the UL grant.  
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Figure 1. Illustration of subband and wideband indication of SRIs for frequency-selective UL precoding.
Alternatively, the gNB can just signal a single SRI for a SRS port and let the UE to decide the subband precoding.  As shown in Figure 1(b), the UE can decide subband precoding for each SRS resource and the gNB may signal as many SRIs as the UL transmission ranks to the UE.  The UE can use the subband precoding associated with indicated SRS resources to perform subband precoding for PUSCH transmission.  It’s worth noting that, the wideband indication shown in Figure 1(b) does not necessarily mean to support frequency selective precoded SRS in the same symbol.  For example, the subband precoded SRS may be transmitted in multiple symbols with frequency hopping.  In each symbol, the same precoding is applied to the sounded subband.
[bookmark: _Toc492902207][bookmark: _Toc492903664][bookmark: _Toc494728413]Observation 1: 	For Alt-1, indicating SRIs for each subband is not needed for signaling PUSCH subband precoding.  
[bookmark: _Toc492903665][bookmark: _Toc494728414]Observation 2: 	For Alt-1, wideband indication of PUSCH subband precoder does not necessarily mean subband SRS precoding in the same symbol.  
[bookmark: _Toc494728417]Proposal 1:	Subband indication is not supported for PUSCH precoder determination in non-codebook-based UL MIMO.
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For non-codebook based transmission, the UE needs to recommend several UL precoding candidates to the gNB by sending multiple precoded SRS ports.  The precoding candidates may be determined by exploiting the UL/DL channel reciprocity.  It is well known that even under TDD operation, the reciprocity is guaranteed only for the physical propagation channel between the transmit and receive antennas at both ends, but not for the effective baseband channel due to asymmetric RF circuits in the transmitting/receiving paths.  So, the channel estimates from the DL reference signals may not be directly utilized for deriving the UL precoding matrix.  
[bookmark: _Toc494728415]Observation 3: 	UE side TX/RX calibration is needed for exploiting channel reciprocity in UL MIMO transmission.  
One solution to resolve this issue is to perform RF calibration at the UE side.  This is similar to the RF calibration at the gNB side when performing DL precoding based on UL channel estimation.  The gNB side calibration has been thoroughly discussed in LTE.  Essentially, there are two types of calibration schemes – self-calibration methods (e.g. [4]) and over-the-air (OTA) calibration methods (e.g., [5]).  Self-calibration does not need any additional air-interface signalling, but does require additional analogue switches and attenuators to be implemented for wiring all the antennas together.  OTA calibration which doesn’t require any additional hardware support, on the other hand, requires some additional signaling support.
[bookmark: _Toc494728418]Proposal 2:	Decide in RAN1#90bis if any specific signaling is supported in NR Rel-15 for UE side TX/RX calibration.
Validation of concurrent SRIs
With Alt-1, a UE may be configured with multiple SRS resources and the UE determines how to do precoding for the SRS ports in the configured SRS resources.  Depending on UE implementation, the precoding may be performed either by digital beamforming, or by analog beamforming, or by both, which is transparent to the gNB.  As shown in Figure 2, if 8 SRS resources are configured to an UE capable of up to rank-2 non-codebook based UL MIMO using analog beamforming, the UE may transmit SRS resources 0, 1, …, 3 via the first analog beamforer (ABF 0) and transmit SRS resources 4, 5, …, 6 via ABF 1.  Since SRS resources {0, 1, 2, 3} have to be transmitted in a TDM manner, signaling of some combination of SRIs at a time for PUSCH precoding indication is invalid.  For example, the signaling of SRIs 0 and 1 is invalid.  Because both SRS resources 0 and 1 are transmitted by the same analog beamformer, the precoding cannot be done simultaneous.  So, only one SRI in the set I1 = {0, 1, 2, 3} and/or one SRI in the set I2 = {4, 5, 6, 7} can be signalled at a time to the UE.  But a UE shall not be signalled with two SRIs both selected from either set I1 or set I2.
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Figure 2.  Illustration of concurrent SRIs.
[bookmark: _Toc494728416]Observation 4: 	Observation 1:	Depending on UE implementation, some combinations of SRIs for indicating PUSCH precoding should be avoided.
To help the network identify which combinations of SRIs can be simultaneously signalled to a UE, the UE can signal some related information to the gNB.  The single-port SRS resources can be divided into G groups based on the concurrency of PUSCH precoding indication.  The SRS resource grouping for concurrent PUSCH precoding indication can be defined such that
· Up to Ng SRS resources can be configured for Group g, g = 0, 1, …, G – 1;
· Up to Mg SRS resources in Group g can be signaled at a time;
· SRS resources from different groups can be signaled at a time.
For example, as shown in Figure 2, the UE supports 2 SRS resource groups (G = 2) and in each group up to 1 SRS resources can be signaled at a time (M1 = M2 = 1).  
[bookmark: _Toc494728419]Proposal 3:	For PUSCH precoding indication, support signaling of SRS resource grouping information from UE to gNB.
Conclusions 
To summarize, we discussed the need for subband indication of PUSCH precoder, the need for UE-side TX/RX calibration, and the validation of concurrent signaling of SRIs.  We made following observation.
Observation 1: 	For Alt-1, indicating SRIs for each subband is not needed for signaling PUSCH subband precoding.
Observation 2: 	For Alt-1, wideband indication of PUSCH subband precoder does not necessarily mean subband SRS precoding in the same symbol.
Observation 3: 	UE side TX/RX calibration is needed for exploiting channel reciprocity in UL MIMO transmission.
Observation 4: 	Observation 1: Depending on UE implementation, some combinations of SRIs for indicating PUSCH precoding should be avoided.
Our proposal is given below:
Proposal 1:	Subband indication is not supported for PUSCH precoder determination in non-codebook-based UL MIMO.
Proposal 2:	Decide in RAN1#90bis if any specific signaling is supported in NR Rel-15 for UE side TX/RX calibration.
Proposal 3:	For PUSCH precoding indication, support signaling of SRS resource grouping information from UE to gNB.
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