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Introduction
[bookmark: _Ref178064866]The following were agreed in RAN1 NR #90bis:
· [bookmark: _GoBack]Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· The DL measurement RS is a CSI-RS for CSI acquisition
· Specify the following mechanism for DCI signalling:
· Using the same field for AP-SRS resource triggering 
· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling
· The DL measurement RS is a CSI-RS for CSI acquisition
· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 
· The DL RS supported at least include CSI-RS and SSB. 
· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam via at least the following mechanisms.
	Spatial parameter
	Reference RS
	Target RS
	Signalling mode

	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS
FFS: AP-CSI-RS, SP-SRS
	P SRS
	RRC


	Spatial
	SSB/CSI-RS(at least P-CSIRS and SP -CSI-RS), P-SRS/ SP-SRS
FFS:AP-SRS, AP-CSI-RS
	SP-SRS
	RRC + MAC-CE


	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS, SP-SRS, AP-SRS
Working assumption: AP-CSI-RS
	AP SRS
	RRC or RRC+MAC CE for configuration,
indication with DCI 


 FFS: The use of spatial relation across CCs and/or BWPs.

The following were agreed in offline discussions in RAN1 NR AH#3:
· 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 remaining issues of non-codebook based UL transmission.  In particular, how non-codebook based UL transmission relates to UL beam management,  how the UE should signal SRI(s) such that the UL precoding inferred from the SRI(s) can be simultaneously conducted by the UE, and how SRI signaling should take this into account are discussed.
Discussion
UL beam management will probably not be needed in general, due to the fact that beam correspondence is expected to be fulfilled at most UEs and hence DL beam management can be used to determine spatial QCL relations both for DL and UL transmissions. However, both Non-codebook based UL transmission and UL beam management utilize SRI(s) to indicate preferred TX beam(s) for the UE which has led to some confusion on if there is duplicate functionality in the two schemes. In this paper, we will illustrate the difference between non-codebook based UL transmission and UL beam management and how they can be used together. 
Assume there is a UE with two panels, where each panel has two ports (one port per polarization) and each panel has four analog beams, as illustrated in Figure 1. The UE implicitly informs the TRP in UE capabilities about the number of panels, number analog beams per panel and number of ports per panel by indicating that the TRP can configure the UE with a number of SRS resource sets, and the number of resources supported in the set. For example, the TRP can configure the UE with three SRS resource sets, as schematically illustrated in Figure 2, where SRS set 1 and SRS set 2 will be used for UL beam management and SRS set 3 will be used for non-codebook based UL transmission.  Note that each SRS set contains unique SRS resources, i.e. no SRS resource is re-used in multiple SRS sets. This is needed in order to reduce the risk of mis-interpretation during SRI signaling from the TRP to the UE.
Do not include any SRS resource in multiple SRS resource sets.

[image: ]
Figure 1	Example of UE with two two-port panels, and four analog beams per panel.
[image: ]
Figure 2	Example of three different SRS resource sets. SRS set 1 and 2 are defined for UL beam management, and SRS set 3 is defined for non-codebook based UL transmissions.
Figure 3 illustrates a flowchart of how UL beam management and non-codebook based UL transmission can be used in parallel for the UE illustrated in Figure 1. The blue lines illustrate the steps for UL beam management and the green lines illustrate the steps for non-codebook based UL transmission. Note that the steps for non-codebook based UL transmission is expected to be performed much more frequently than UL beam management steps, due to the fact that the non-codebook based UL transmission aims to follow the fast fading, while UL beam management aims to follow more long term spatial variations in the channel. In step1 the TRP triggers an aperiodic SRS transmission for UL beam management by including a pointer to SRS set 1 and SRS set 2 in the DCI containing the aperiodic SRS trigger. By using Alt.1 in the agreement about SRS resource groups from the offline discussions (included below), the TRP and UE have a mutual understanding that only one SRS resource can be selected from each SRS set when triggering multiple SRS set simultaneously. Hence the UE knows that one SRS set should be applied to one panel and the second SRS set to the second panel, as illustrated in Figure 4. Alt.1 seems to be the most efficient of the three alternatives, hence we propose that the Alt.1 should be agreed in 3GPP.
· “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 “

Select Alt.1 out of the three possible alternatives for SRS resource grouping.

The TRP then measures on the transmitted SRSs and determines one preferred SRS resource per SRS resource set. These preferred SRS resources can now be used to update the spatial QCL assumption for SRS set 4. There are still no agreements exactly how the spatial QCL assumption for an SRS set 4 should be updated, however, one way could be to use higher layer signaling to change a spatial information element in the SRS set configuration. Yet another way could be to update a TCI state with the preferred SRS resources and then associate that TCI state to a certain SRS set, either through MAC-CE or DCI signaling. After the spatial QCL assumption has been established for SRS set 4, the procedure for non-codebook based UL transmissions can be initiated. In step 4 the TRP triggers an aperiodic SRS transmission using DCI with a reference to SRS set 4. The UE then determines candidate precoders for the 6 SRS resources in SRS set 4. The candidate precoders are determined by using reciprocity based on the DL-RS indicated in the SRS set 4 configuration. It is important that the UE receives the DL-RS using the same spatial QCL assumptions (i.e. same analog beams) as now is associated with SRS set 4, otherwise the physical channel that is estimated by the received DL-RS will not be the same physical channel as the precoded SRS will be transmitted on (which is a must if reciprocity based beamforming should work in a good way). The UE then transmits the precoded SRS resources using the analog beams corresponding to the spatial QCL assumption for SRS set 4, as illustrated in Figure 5. In step 6 the TRP determines preferred SRI(s) and MCS and signals this back to the UE in an UL grant. Note that the SRS set 4 contains 6 SRS resources and four baseband ports, which means that there are more SRS resources than maximal number of layers that the UE can support. This means that the TRP only can select at maximum 4 out of the 6 SRS resources. The UE then applies the precoder corresponding to the signaled SRI(s) on PUSCH and transmits PUSCH using the same analog beams as used during the transmission of the SRS resources belonging to SRS set 4 in step 5.
A SRS resource set can contain more SRS resources than maximum number of layers that the UE can support.


[image: ]

Figure 3	Example of how UL beam management and non-codebook based UL transmission can be used in parallel without mis-interpretation of SRIs.
[image: ]
Figure 4	Example of SRS resource transmission during UL beam management
[image: ]
Figure 5	Example of SRS resource transmission for non-codebook based UL transmissions


[bookmark: _Toc494715376][bookmark: _Toc494716060][bookmark: _Toc494724514][bookmark: _Toc494729451]Utilizing SRS resource groups in SRI indication
To indicate multiple SRI(s) in the DCI, one option is to use a size-bitmap, where  is the number of SRS resources (corresponding to the maximum rank) and each bit indicates if the SRS resource shall be used to transmit a PUSCH layer or not. However, this is not a very efficient way of signaling which wastes DCI overhead.
Another option is to, for each rank, jointly indicate which SRS resources shall be used, and then jointly encode TRI and the multiple SRI(s). In this case, the SRI signaling from the TRP to the UE consists of indicating    possible SRI states where  is the number of combinations of  values taken  at a time, and  is the number of SRS resources,  the transmission rank, and   the maximum transmission rank the UE is capable of.  For example, with  and , then the total possible number of SRI states . This means that 6 bits are required to indicate the chosen SRI state to the UE, compared with  bits if the size-bitmap approach was used.
Further reductions in SRI overhead are possible by taking into account constraints on SRS and/or PUSCH MIMO layer transmission. By way of example, assume there is a UE with two antenna subsets and four analog beams per antenna subset as illustrated in Figure 2. In such a case, many of the possible SRI states will not be allowed because only one SRS resource from each SRS resource group can be selected. Hence, in this case it is preferred to do a mapping between the possible SRI states and the SRI signalling bits in order to reduce the overhead. For instance, the DCI signalling could indicate one of  states, indicating which of the SRS resource groups are used to transmit  layers, and then the SRS resource to be used in each selected SRS Resource group could be indicated. For example, if there are 4 SRS resources per group, then 4 states are needed to select a resource from a group.  Then with  resource groups and at most  layers,  total states, so 5 bits could be used to signal SRI given that SRS grouping is taken into account when signalling SRI in this case.
[bookmark: _Toc494729448]Overhead for SRI signalling can be reduced by considering the SRS resource groups during SRI signalling
[bookmark: _Toc494715377][bookmark: _Toc494716061][bookmark: _Toc494724515][bookmark: _Toc494729452]Take into account SRS resource grouping when signalling multiple SRI indications in DCI

Conclusions
1. [bookmark: _In-sequence_SDU_delivery]Overhead for SRI signalling can be reduced by considering the SRS resource groups during SRI signalling
1. Do not include any SRS resource in multiple SRS resource sets.
Select Alt.1 out of the three possible alternatives for SRS resource grouping.
A SRS resource set can contain more SRS resources than maximum number of layers that the UE can support.
Take into account SRS resource grouping when signalling multiple SRI indications in DCI.
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Step1: TRP trigger aperiodic SRS transmission using
DCl with a reference to SRS set 1 and SRS set 2.

DCI pointing to SRS set 1 and 2

Step2: UE transmits SRS according to the SRS set 1
Transmission of SRSs and SRS set 2 (one SRS set per UE panel).

Step3: TRP updates spatial QCL
assumption for SRS set 4.

Update of spatial QCL assumption for SRS set 4

Step4: TRP trigger aperiodic SRS transmission
using DCI with a referenceto SRS set 4.

DCI pointing to SRS set 4

Transmission of precoded SRSs

Step5: UE determines one candidate precoder per SRS resourcein SRS
set 4 by using reciprocity based on the DL-RS included in SRS set4
configuration. The analog beams used during the SRS transmission is
determined from the spatial QCL assumption for SRS set 4.

T

Step6: TRP signals UL grant including SRI(s)
(indicating preferred precoder(s)), and MCS.

UL grant including SRI(s) and MCS

Step7: PUSCH transmission based on UL grant. The analog
beams used during the PUSCH transmission should be the
same as used during the SRS transmission of SRS set 4.

PUSCH
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Analog beams for the spatial QCL assumption for SRS set 4
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