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1. Introduction
In previous 3GPP RAN1 meeting and the following email discussion, the following agreements are achieved for codebook and non-codebook based UL transmissions [1]:

Agreement:
· For non-codebook based UL transmission, a total of up to 4 SRS ports can be indicated by SRI(s) using one DCI field

Agreement:
· Confirm the following working assumption:

· For non-codebook based precoding, each SRS resource contains one port

Agreement:
· Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission

· The above does not preclude frequency selective precoding on SRS

Agreement:
· 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

· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 

· AP-CSI-RS can be transmitted in the same slot as the DCI containing AP-SRS trigger. 

· 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

· AP/SP/P-SRS(s) association with P(>1)-port P/SP-CSI-RS

· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation
Agreements:

· 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, the whole UL transmission is discussed first. Considering currently there are some unclear points for the whole UL transmission framework, we first analyze the corresponding transmission procedures and give some observations. For the codebook based transmission, we further discuss how under the whole framework the corresponding procedure works.
2. Framework for Codebook and Non-codebook Based Transmission 
The framework for codebook and non-codebook based transmission together with SRS transmission behavior should be established.
There are typically three steps in the framework:

· Beam Management

· The major purpose of beam management is for the network and UE to adjust the Tx beam and Rx beam toward each other with low overhead, low computation complexity; 

· The major targeting scenarios are above 6GHz scenario. For below 6GHz scenarios, such beam management could also be used to reduce implementation complexity and increase coverage.

· The beam management procedure might be different for reciprocity based scenarios and non-reciprocity scenarios. For reciprocity based scenarios, UE could leverage downlink beam management procedure and CRI indication to refine its initial beam. For non-reciprocity based scenarios, UE may need several rounds of RS transmission and beam report for U1, U2 and U3.
· SRS for UL CSI Acquisition

· For the UEs that conducted the first step of beam management, they are configured or triggered to transmit SRS with SRI or CRI gained from beam management procedures;

· For the UEs that does not engage in any beam management procedure, typically UEs below 6GHz, they should be triggered to transmit precoded or non-precoded SRS explicitly. This is necessary because UE would then know how to transmit SRS.

· For non-precoded SRS,  information for needed SRS should be reported;

· For precoded SRS, the corresponding resources that the UE use to generate the UL precoder should be indicated to the UE; 

· For scheduled UL transmission

· UE should be notified whether it is codebook based transmission or non-codebook based transmission or TxD schemes;

· The corresponding DCI interpretation would be different.
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Furthermore, it should be possible for UE to select the uplink precoding or select antennas, especially for below 6GHz scenarios. There are several kinds of UEs that need to be discussed for below 6GHz. 

· The first kind is number of Tx chains is fewer than the number of antennas is greater than 1. For such scenarios, antenna selection should be supported. Typically there are two ways for UE to select antennas:

· Spec-transparent: based on UE Rx chain measurement, UE could always find out which antenna is better, antenna switch could be done in a spec-transparent manner;

· Specified: Based on UL SRS switching and network measurement, the network schedules UE to transmit with the antenna that has better channels. Such specified manner falls in the framework of non-codebook based transmission.

· The second is that there is the same number of Rx chains and Tx chains. For such scenarios, UL precoding could be conducted among multiple antennas. 

· UE could always conduct downlink measurement and based on the measurement, the network schedules UE to transmit precoded or non-precoded SRS. The network should explicitly signal such information to UE in order to align mutual understanding. 

· Based on precoded SRS measurement, the UE could still be scheduled with the corresponding SRI for UL precoding. This also falls in above non-codebook based transmission.

For the case that there is no reciprocity, only non-precoded SRS is used and codebook based transmission should be scheduled.  
3. UE capability report
For UL beam management and UL transmission, the following capability reports have been agreed:

· Number of SRS resource sets

· Number of resources per set

· Max UL transmission layers

· Coherence capability

· Number of PTRS ports

Furthermore, it seems that some companies still want to report transmission layers per panel. We believe there are redundancies in above reports.

· Number of transmission layers per panel could be gained through max UL transmission layers over number of SRS resource sets;

· Coherence capability could be gained through max UL transmission layers and number of SRS resource sets:

· Typically, there would be only one PLL within one panel. Thus if number of SRS resource sets is equal to number of max UL transmission layers, then the coherence capability would be non-coherent; if there is only one SRS resource set, then it should be fully coherent; 

· Coherence capability could also be gained through max UL transmission layers and number of PTRS ports

· Number of PTRS ports is directly related to number of PLLs. Thus if number of PTRS ports is equal to max UL transmission layers, then it is non-coherent; If number of PTRS ports is 1, then it is fully coherent; If number of PTRS ports is smaller than max Tx layer but not equal to 1, then it is partially coherent; 

· Number of PTRS ports could be implicitly gained from coherence capability and max UL transmission layers 

· For max UL transmission layers of 2: 

· For full coherence capable UE, only 1 PTRS port;

· For non-coherent UE, 2 PTRS ports;

· For max UL transmission layers of 4:

· For full coherence capable UE, only 1 PTRS port;

· For non-coherent and partially coherent UE, 2 PTRS ports; 

Thus we have the following report for UE capability report.

Proposal 1: 

· Within the following two reports, only one of them is explicitly reported from UE to the network, with the other one implicitly derived: 

· Coherence capability report

· Number of PTRS ports
4. Configuration of SRS Resources and SRS Transmission
Based on the UE capability report, the network configures the UE to transmit the SRS resources. In our understanding, the resource set for UL beam management and UL CSI acquisition should be explicitly differentiated from each other. They are at least different from the following aspects:

· The SRS resources for beam management could be explicitly configured with power control parameters and some other beam sweeping behaviors; while the SRS resources for CSI acquisition does not need the beam sweeping behavior configuration and its power control is more probably tied to PUSCH;

· The SRS resources for beam management is associated with CSI-RS for beam management with number of ports smaller than 2 while the SRS resource for CSI acquisition is associated with CSI-RS for acquisition with number of ports possibly larger than 2.

Thus there are resource sets for beam management and resource sets for CSI acquisition.

Proposal 2: 

· SRS resource sets are configured with explicit indication of its usage for CSI acquisition or for beam management.  

For the SRS resources configured for beam management, Alt. 1 is supported, i.e. only one resource in each of multiple SRS sets can be transmitted at a given time instant.

For the SRS resources configured for CSI acquisition, esp. for non-codebook based transmission, Alt. 2 is supported, i.e. all resources within the set could be simultaneously transmitted. Such definition has the following advantage:

· A single CSI-RS for the calculation of SRS precoding could be configured per SRS set. Thus saves corresponding signaling overhead.

· The concept of SRS set for below 6GHz and above 6GHz could be easily unified in one framework; 

Proposal 3: 

· For the resources within the SRS resources set configured for beam management, only one resource in each of the multiple SRS sets can be transmitted at a given time instant;

· For the resources within the SRS resources set configured for CSI acquisition, all the resources could be transmitted simultaneously.

· CSI-RS for the calculation of SRS precoding is configured per SRS set.  

UE should also be aware of whether to perform precoding on the configured resources. Thus it should be aware of whether the resources are configured for codebook based transmission or non-codebook based transmission. For codebook based transmission, for the current design of codebooks, it is possible to pile up all the ports within one SRS resource. While for non-codebook based transmission, it is only possible to configure one port SRS resource.

Proposal 4: 

· UE could implicitly determine whether the corresponding configuration of CSI acquisition SRS resource is for codebook based transmission or non-codebook based transmission: 
· For codebook based transmission, support only one resource per SRS resource set, with number of ports of the SRS equal to number of max UL transmission layers;

· For non-codebook based transmission, support only one port per SRS resource;

5. UL Transmission
UE could determine whether the current grant is for codebook based transmission or non-codebook based transmission through the SRI index. With the SRI index, UE would know how to interpret the corresponding UL grant field.

Proposal 5: 

· UEs are implicitly indicated by SRI about whether the UL transmission is codebook based or non-codebook based. 
6. Conclusion

In this contribution, beam management and reporting are discussed, and the following proposals are given:
Proposal 1: 

· Within the following two reports, only one of them is explicitly reported from UE to the network, with the other one implicitly derived: 

· Coherence capability report

· Number of PTRS ports

Proposal 2: 

· SRS resource sets are configured with explicit indication of its usage for CSI acquisition or for beam management.  

Proposal 3: 

· For the resources within the SRS resources set configured for beam management, only one resource in each of the multiple SRS sets can be transmitted at a given time instant;

· For the resources within the SRS resources set configured for CSI acquisition, all the resources could be transmitted simultaneously.

· CSI-RS for the calculation of SRS precoding is configured per SRS set.  

Proposal 4: 

· UE could implicitly determine whether the corresponding configuration of CSI acquisition SRS resource is for codebook based transmission or non-codebook based transmission: 
· For codebook based transmission, support only one resource per SRS resource set, with number of ports of the SRS equal to number of max UL transmission layers;

· For non-codebook based transmission, support only one port per SRS resource;

Proposal 5: 

· UEs are implicitly indicated by SRI about whether the UL transmission is codebook based or non-codebook based. 
References

[1] Chairman’s notes for 3GPP TSG RAN WG1 Meeting #90b.
[2] Chairman’s notes for 3GPP TSG RAN WG1 Meeting NR Ad hoc #3.[image: image2.png]



_1563369331.vsd
Beam Management


SRS for UL CSI Acquisition


Scheduled
Uplink Transmission


SRI or CRI


Above 6Ghz or Below 6GHz?


Precoded SRS or Non-precoded SRS


Codebook based or Non-codebook Based



