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Introduction
In RAN1 #90bis, the following agreements were made regarding non-codebook based UL transmission [1]:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 
· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. 
· FFS: The scope of X and whether the AP-SRS and AP-CSI-RS can be in the same slot
Following RAN1 #90bis, there’s an email discussion on SRS grouping and the following was agreed:
· When a UE is configured with multiple SRS resource sets, one of three behaviors below applies:
· Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 
· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously 
· Alt 2: All resources in one of a UE’s SRS resource sets can be transmitted simultaneously 
· The SRS resources in different SRS resource sets may or may not be transmitted simultaneously
· Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 
· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously
· Select in RAN1#91 which of the three behaviors is supported and strive to minimize the impact on SRS configuration framework
· FFS: whether or not specification in addition to UE capability is needed to support the selected behavior 
· The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and/or, for Alt 3), either 
· per subset, or
· the supported number of SRS resources that can be transmitted simultaneously per set
· Decide in RAN1#91 if this applies to either UL beam management or non-codebook based precoding, or to both UL beam management/non-codebook based precoding
In this contribution, we discuss our views on remaining open issues on non-codebook based UL transmission, including the association between SRS and CSI-RS, SRS grouping, and UE side calibration.  This contribution is revised from [3].  
[bookmark: _Toc492722396][bookmark: _Toc492722765][bookmark: _Toc492722397][bookmark: _Toc492722766][bookmark: _Toc492722398][bookmark: _Toc492722767][bookmark: _Toc492722399][bookmark: _Toc492722768][bookmark: _Toc492722400][bookmark: _Toc492722769][bookmark: _Toc492722401][bookmark: _Toc492722770][bookmark: _Toc492722402][bookmark: _Toc492722771][bookmark: _Toc492722403][bookmark: _Toc492722772][bookmark: _Toc492722404][bookmark: _Toc492722773][bookmark: _Toc492722405][bookmark: _Toc492722774][bookmark: _Toc492722406][bookmark: _Toc492722775]Association between SRS and CSI-RS
In RAN1#90bis, it’s agreed that CSI-RS for CSI acquisition is indicated for UE to calculate UL candidate precoders for precoded SRS resource.  For aperiodic SRS, the association between CSI-RS and SRS is dynamically indicated via DCI.  For periodic or semi-persistent SRS, the association between CSI-RS and SRS is semi-statically configured via higher layer signaling.  There are several open issues regarding the association between CSI-RS and SRS.
If a UE receives a DCI containing an aperiodic SRS trigger in slot n, the associated aperiodic CSI-RS may or may not be transmitted in the same slot.  As shown in Figure 1, the timing offset between the associated aperiodic CSI-RS and the triggered aperiodic SRS transmission is X symbols.  Within this X-symbol gap, the UE needs to determine the UL precoder and prepare the UL sounding transmission.  
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[bookmark: _Ref498699768]Figure 1. Illustration of timing relationship between aperiodic CSI-RS and aperiodic SRS.
Since the SRS is associated with CSI-RS for CSI acquisition, there will be an aperiodic CSI reporting based on this aperiodic CSI-RS.  Although it was agreed in previous RAN1 meetings that if a UE receives a DCI containing an aperiodic CSI reporting trigger in slot n, it will be dynamically indicated with a timing offset Y to indicate that the aperiodic CSI reporting shall be sent in slot n + Y.  However, the feasible values of Y cannot be easily defined, as the CS-RS may be transmitted on different symbols within a slot.  Instead, a better way to define the UE processing time is to define the timing offset between the aperiodic CSI-RS transmission and the aperiodic CSI reporting in the unit of symbol.  We can define this gap as N3 if the UCI is carried by PUCCH or N'3 if the UCI is piggyback on PUSCH with UL data.  
Since there’s quite a few common operations when computing the DL CSI and the UL precoding candidates, a reasonable starting point for the values of X would be N'3.  Depending on the UE capability, however, the values of X can be larger than N'3.  For example, some UEs may not be capable of finishing computation of DL CSI and UL precoding candidate in parallel.  
[bookmark: _Toc498762871]Observation 1: 		The value of X can be larger than N'3, depending on the UE processing capability.
[bookmark: _Toc498762875]Proposal 1:	The duration from the last symbol of a CSI-RS to the first symbol of the aperiodic SRS which is associated with the CSI-RS shall be at least N'3 symbols, where N'3 is the duration from the last symbol of a CSI-RS to the first symbol of the PUSCH carrying the UCI.
Apparently, it is more related to UE processing timing which is a scheduling issue.  It should be carefully treated in the scheduling session rather than in MIMO session.
[bookmark: _Toc498762872]Observation 2: 		The timing between aperiodic SRS and aperiodic CSI-RS should be determined jointly with other UE processing timing in the HARQ/Scheduling session.
Validation of concurrent SRIs
For non-codebook based UL transmission, 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: _Toc498762873]Observation 3: 	Depending on UE implementation, some combinations of SRIs for indicating PUSCH precoding should be avoided.
No matter which alternative is selected, the UE has to signal some related information to the gNB to help the network identify which combinations of SRIs can be simultaneously signalled to a UE.  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: _Toc498762876]Proposal 2:	For PUSCH precoding indication, support signaling of SRS resource grouping information from UE to gNB.
After receiving the SRS resource grouping information from the UE, the gNB can decide how to configure multiple SRS resources to a UE.  Three alternatives were proposed as follows.
· Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 
· Alt 2: All resources in one of a UE’s SRS resource sets can be transmitted simultaneously 
· Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 
With Alt 1, the gNB can easily map the UE reported grouping information to the corresponding SRS resource configuration.  With Alt 2 or 3, a UE needs to be configured with a large number of SRS resource sets to support different combination of concurrent SRS transmission.  
[bookmark: _Toc498762877]Proposal 3:	When a UE is configured with multiple SRS resource sets, only one resource in each multiple SRS sets can be transmitted at a given time instant.
Need for UE side calibration
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: _Toc498762874]Observation 4: 	UE side TX/RX calibration is needed for exploiting channel reciprocity in UL MIMO transmission.  
[bookmark: _GoBack]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. [3]) 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: _Toc498762878]Proposal 4:	Support of non-codebook based UL transmission is a UE capability.
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: 	 The value of X can be larger than N'3, depending on the UE processing capability.
Observation 2: 	 The timing between aperiodic SRS and aperiodic CSI-RS should be determined jointly with other UE processing timing in the HARQ/Scheduling session.
Observation 3: 	Depending on UE implementation, some combinations of SRIs for indicating PUSCH precoding should be avoided.
Observation 4: 	UE side TX/RX calibration is needed for exploiting channel reciprocity in UL MIMO transmission.
Our proposal is given below:
Proposal 1:	The duration from the last symbol of a CSI-RS to the first symbol of the aperiodic SRS which is associated with the CSI-RS shall be at least N'3 symbols, where N'3 is the duration from the last symbol of a CSI-RS to the first symbol of the PUSCH carrying the UCI.
Proposal 2:	For PUSCH precoding indication, support signaling of SRS resource grouping information from UE to gNB.
Proposal 3:	When a UE is configured with multiple SRS resource sets, only one resource in each multiple SRS sets can be transmitted at a given time instant.
Proposal 4:	Support of non-codebook based UL transmission is a UE capability.
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