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In NR design, SRS can be used by the gNB to obtain the uplink channel station information (CSI). When there is channel reciprocity between uplink and downlink, it can also be used by the gNB to aid estimation of downlink CSI. When UL TX beamforming is used by the UE and/or RX beamforming is used by the gNB, it can also be used for UL beam management.  

In RAN1#86bis meeting, the following agreements were reached on UL beam management procedure.
· UL beam management is to be further studied in NR
· Similar procedures can be defined as DL beam management with details FFS, e.g.:
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· Note: this is not necessarily useful in all cases
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming
· FFS Indication of information related to Tx/Rx beam correspondence is supported
· Study UL beam management based on:
· PRACH
· SRS
· DM-RS
· Other channels and reference signals are not precluded
· Study uplink beam management procedure by considering the Tx/Rx beam correspondence
· For the case of TRP and UE have Tx/Rx beam correspondence
· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence

In the January RAN1 NR Ad hoc meeting #1, the following agreements were made on NR SRS.
· NR SRS design should not assume a particular antenna configuration at UE and should support dynamic port/antenna/resource selection by gNB and UE
· In the case of UE selection, it can be disabled/enabled by gNB (if the UE selection is not transparent). FFS whether or not the selection is transparent
· E.g., UE with 4 ports can be configured with 2 ports SRS by gNB
· E.g., UE sends 2 ports SRS even though configured with 4 ports SRS by gNB

· NR supports periodic and semi-persistent NR-SRS transmission. 
· Note aperiodic SRS transmission has been agreed 
· Out of K ≥ 1 configured NR-SRS resources:
· For aperiodic transmission, the UE can be configured to transmit a subset of or all K NR-SRS resources with no precoding, the same or different precoding
· For periodic and semi-persistent transmission, the UE can be configured to transmit K NR-SRS resources with no precoding, the same or different precoding
· FFS details related position & timing of SRS transmission (including configurable)
· NR supports SRS transmission including 
· Number of SRS ports are 1, 2, 4, FFS 3, 8 (possibly other values)
· Comb levels are 2 and 4
· Configurable frequency hopping (details FFS)
· Clarify the following agreed configurations are applicable to each NR-SRS resource from K configured NR-SRS resources:
· NR-SRS bandwidth
· Number of CP-OFDM/DFT-S-OFDM symbols
· Number of SRS ports
· Comb level

· For NR UL, support transmissions of SRS precoded with same and different UE Tx beams within a time duration
· Detailed FFS, including the resulting overhead, time duration (e.g., one slot), and configuration, e.g., in the following:
· Different UE Tx beam: FFS per SRS resource and/or per SRS port
· Same UE Tx beam across ports: for a given SRS resource and/or a set of SRS resources
· FFS: The SRS resources can be mapped in TDM/FDM/CDM manner.
· FFS: overhead reduction schemes such as IFDMA or larger subcarrier spacing
· FFS gNB can indicate selected SRS port/resource for UE after receiving the SRS.

In RAN1#88 meeting, the following agreements were reached:
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.
· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)
· Alt.2: based on gNB indication,e.g. via SRI
· 
· In NR, for SRS based UL-MIMO precoding for data scheduling, FFS the following aspects especially related to potential signaling impact:
· Single SRS resource based 
· Multiple SRS resource based 
· Multi-step acquisition, e.g., involving a mixture of single SRS resource and multiple SRS resource based, or using multiple SRS resource only, etc.

In RAN1#88bis meeting, the following agreements were reached:
· A UE can be configured with an X-port SRS resource, where the SRS resource spans one or multiple OFDM symbols within a single slot
· FFS where all of the X SRS ports are sounded in each OFDM symbol
· FFS at least for the purposes of CSI acquisition:
· FFS a multi-symbol SRS resource can be configured such that the X SRS ports in each OFDM symbol are transmitted in different locations of the band in different OFDM symbols in the slot in a frequency hopping manner
· Note: This allows sounding a larger part of (or the full) UE bandwidth using narrower band SRS transmissions
· Note: at any OFDM symbol, all X ports are sounded in the same portion of the band
· Note: Consider UE RF implementation aspects on SRS design that may place constraints on the design of the symbol-wise hopping pattern
· e.g., Required time for frequency re-tuning (if re-tuning needed) or transient period if re-tuning is not needed

In this contribution we provide our view on the details of SRS resource configuration in order to support CSI acquisition and beam management.
  
Discussion
When SRS is used for UL beam management, UE may need to transmit SRS with different beams in U1, U2 or U3 phases for the gNB to select and retune the TX beam and the RX beam. Multiple beams are transmitted in multiple SRS ports. For beam measurement and refinement purpose, it is preferable that SRS are transmitted as wide-band with relatively low density in the frequency domain (i.e. a large comb level). Under the previous agreement, UE may apply gNB-transparent Tx beamformers to the SRS ports/resources. Although the details of the TX beamformer may be transparent to gNB, certain implementation of the UE TX beamformer may have an impact on the SRS transmission time. When hybrid analog/digital beamforming is used at the UE side, the effective TX beamforming vector   is a product of the digital beamforming vector  and analog beamforming vector . Due to the limitation of the analog components (PDN and phase shifter),  is wide-band and only one analog beam can be generated at a given time. This may limit the number of SRS beams (corresponding to SRS ports) that a UE can transmit in an OFDM symbol. In the U1 phase of the UL beam management, the UE may only have vague knowledge of the channel obtained from the initial access phase. It may need to send UL SRS in different directions in order for the gNB to search for a good UL beam. These SRS beams may require different analog beamforming vectors, therefore cannot be sent in a single SRS symbol. In the example below, in the U1 phase, the UE needs to transmit 4 SRS beams/ports (P0, P1, P2, P3) using two different analog beamforming vectors (F0RF and F1RF.) Based on the measurements of the SRS beams in U1, the gNB may select P1 as the best beam and proceeds to the next phase (U2). Based on the feedback of the U1 beams from gNB, UE may enter the U2/3 phase with the analog beamforming vector F0RF as the basis.  With the SRS beamforming vectors transparent to the gNB, it sends a new set of 4 SRS beams, all based on F0RF. When the comb level is set to 4, it can transmit all 4 SRS beams P0,P1, P2,P3 in a single SRS symbol. 
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Figure 2. In the U2/3 phase, UE sends 4 SRS beams (P0,P1, P2,P3) using a single analog beamforming vector F0RF in a single SRS symbol.
As demonstrated in the above example, while it is up to the UE to determine the SRS TX beamforming vectors, the requirement for analog beamforming may force the gNB to schedule the SRS resources spanning multiple OFDM symbols. A conservative approach is to allow only 1 SRS port transmission from any given UE in a OFDM symbol. In other words, only TDM, not FDM of different SRS ports from a same UE is supported. Different SRS ports from different UEs can be FDMed in the same OFDM symbol. This will not lead to waste of SRS resources from the gNB side, but will cause significant delay to the UE. A better approach is to allow UE to signal the number of OFDM symbols required to complete transmission of multiple SRS ports. The number of OFDM symbols required may change even for the same UE in different beam management phases. This requires the UE to signal the number of OFDM symbols required to transmit a given number of SRS ports, possibly in RRC signaling to the gNB. Table 1 shows the number of OFDM symbols a UE may required to transmit  different number of SRS ports.

	Number of SRS ports
	Number of OFDM symbols needed

	1
	1

	2
	1 or 2

	4
	1, 2, 3 or 4
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Table 1. The number of OFDM symbols a UE may require to transmit in different number of SRS ports.

Observation 1: Different UE transmitter implementations may have different constraints on the number of SRS ports simultaneously transmitted. 

In RAN1#88bis meeting, it has been agreed that a UE can be configured with an X-port SRS resource, where the SRS resource spans one or multiple OFDM symbols within a single slot. It is for further study where all of the X SRS ports are sounded in each OFDM symbol. For a cell edge UE where transmission power is the limitation, SRS can be transmitted in different locations of the band in different OFDM symbols in a frequency hopping manner. In every OFDM symbol, a narrow band SRS is transmitted in a subband with sufficient power spectrum density. Several SRS transmissions from the same port complete sounding of the UE TX band (or a partial band).  When analog beamforming is used at the UE side, different antenna configurations may allow different combinations of (antenna port, subband) combinations depending on the detailed configurations. Figure 3 shows two examples of SRS resource configurations.




Figure 3. Multi-symbol SRS configurations for 2 antenna ports and 4 subbands. 
 
The configuration to the left applies when the two SRS ports cannot transmit in the same OFDM symbol, either because of the limitation of analog beamforming, or because of the limited power budget when they are subject to a total power constraint. The latter case could happen when full digital TX beamforming is used at the UE, where two digital beams can be transmitted at the same time but subject to the total power limit. The configuration to the right applies when the two ports can transmit at the same time, and they have separate RF chains and subject to individual transmission power constraint. 

Observation 2: Subband transmissions from multiple SRS ports are subject to additional constraints transparent to the gNB.

Because the detailed UE antenna configuration and the limitations are transparent to gNB, the UE needs to signal the supported SRS configuration across multiple subbands, multiple symbols and multiple antenna ports to the gNB through RRC configuration. The gNB can assign SRS resources based on these constraints accordingly. Therefore we proposal the following:

Proposal1: Support UE signaling of the number of SRS symbols needed to transmit a given number of SRS ports. 

The SRS for CSI acquisition and beam management often have different requirements. For CSI acquisition, fine granularity in the frequency domain, i.e. small comb value, should be used. CSI acquisition SRS often are sent in a subband. SRS for beam management are usually sent over wide bandwidth and with coarse granularity in the frequency domain. Different numerologies can be used for SRS for CSI acquisitions and for SRS for beam management. They may also be configured with different transmission mode (periodic, aperiodic, and semi-persistent).

Observation 3: SRS for CSI acquisition and beam management often have different requirements and need different configurations, including bandwidth, comb level, numerology, and transmission mode.

In the January NR ad hoc meeting, it was agreed that the number of SRS ports supported are 1,2,4, with the value 3 and 8 as FFS. Considering the need for CSI acquisition and beam management, we believe 4 SRS ports may not always meet the requirement for SRS. Therefore we propose to increase the number of SRS ports up to 8.

Proposal 2: Support 8 SRS ports. 

Conclusion
In this contribution, we discussed the use of SRS for beam management and CSI acquisition, and limitations at the UE TX side on transmission of SRS in multiple subbands and multiple ports. We have made the following the following observations and proposals:

Observation 1: Different UE transmitter implementations may have different constraints on the number of SRS ports simultaneously transmitted. 
Observation 2: Subband transmissions from multiple SRS ports are subject to additional constraints transparent to gNB.
Observation 3: SRS for CSI acquisition and beam management often have different requirements and need different configurations, including bandwidth, comb level, numerology, and transmission mode.

Proposal1: Support UE signaling of the number of SRS symbols needed to transmit a given number of SRS ports. 
Proposal 2: Support 8 SRS ports.
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