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In RAN1 NR Ad-Hoc meeting [1], RAN1#88 [2] and RAN1#88b [3], the following agreements were made for SRS design:
	Agreements:
· To down-select one method for NR SRS sequence generation based on at least the following alternatives:
· Alt-1: SRS sequence is a function of the sounding bandwidth and does not depend on the sounding bandwidth position or the PRB position. 
· Sequence design and other design details are FFS.
· [bookmark: _GoBack]Alt-2: SRS sequence is a function of the sounding bandwidth position or the PRB position. 
· Sequence design and other design details are FFS.
· Taking into account metrics such as PAPR, capacity/flexibility, etc.
· Other parameters, if any, determining SRS sequence are FFS (e.g. SRS sequence ID)”

· 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

· Support configurable SRS sequence ID by UE specific configuration if SRS sequence ID is supported
· Configuration examples: 
· higher layer 
· high layer + L1 signalling, If hierarchical indication of SRS sequence ID is supported, (example: base sequence ID and/or phase rotation ID)

· Scheduling SRS resources to multiple UEs where the resources have full and/or partial overlap of SRS time-frequency resources (REs) is supported, where
· The multiple SRS resources can share the same root sequence values in the overlapping REs to allow for low or zero mutual cross-correlation
· FFS: Minimum overlap granularity to ensure zero cross-correlation
· FFS: Detailed sequence design taking into account at least Cubic Metric, PAPR, and cross-correlation properties amongst overlapping SRS resources

· 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 views on above listed further studies with the consideration of using SRS for CSI acquisition and beam management. 
[bookmark: _Ref129681832]Discussion
SRS sequence design
In this section, we overview SRS sequence design principles. More details on SRS sequence design are explained in our companion paper [4]. ZC sequences have been used in LTE to generate SRS due to their constant power profile in time and frequency, mutual orthogonality of cyclically shifted versions of the same ZC sequence, and low cross correlation of two ZC sequences of the same length. Due to these appealing properties, we propose to use ZC sequences to generate SRS also in NR. 
Proposal 1: ZC sequences shall be used for NR SRS sequence design.
However, there are two major SRS requirements in NR that compel some SRS sequence design modifications compared to LTE: First, NR SRS should support higher user capacity per cell compared to LTE; and second, NR SRS should support more flexible SRS physical resource mapping.
Recently, Alt-2 based designs have been proposed wherein SRS sequences are dependent on resource allocation position. Proponents of Alt-2 SRS designs suggest that these designs can facilitate assigning partially overlapped SRS sequences at the same OFDM symbol and with the same transmission comb and still maintain orthognality or low inter-SRS cross-correlation. However, we do not believe that overhauling SRS design principle from LTE-like Alt-1 to Alt-2 is justifiable due to the following reasons:
1) PAPR/CM of blockwise Alt-2 designs is higher than Alt-1 designs.
2) In practice, partially overlapped SRS sequences are only occasionally required.
3) Alt-1 based designs can efficiently handle occasional partially overlapped SRS sequences.
Detailed explanations and supporting simulation results are provided [4]. As such, we propose:
Proposal 2: Alt-1 SRS sequence design wherein SRS is not a function of allocated PRB position shall be supported in NR.
In particular, we have shown in [4] that the occasional inter-SRS interference in an Alt-1 design can be effectively mitigated/avoided using interference mitigation techniques and/or proper planning/scheduling of partially overlapped SRSs at the network side. 
Equal-length SRS sequences in the same time slot are generated from only one cell-specific ZC root in LTE. This may not lend itself to a SRS design that needs to support many UEs as only a limited number of SRS sequences of the same length can be generated from a single ZC root. However, if the ZC roots of NR SRS sequences are configured UE-specifically, required number of SRS sequences can be generated within a NR Cell.  We propose to use UE-specific sequence ID to determine the ZC root of SRS sequence. Similar to LTE, ZC root of SRS sequence should also depend on the sequence length and can also depend on SRS scheduling time for randomization purposes. 
Proposal 3: UE-specifically configured SRS sequence ID is supported and the ZC root of SRS sequence is at least a function of SRS sequence ID and SRS sequence length, and whether or not depends on the SRS scheduled time is based on gNB configuration.
If UE-specific SRS sequence ID is supported, this ID may also be used to determine other SRS sequence configuration parameters such as sequence length, scheduling time, and cyclic shifts. 
In LTE, SRS physical resource mapping follows below rules: 1) A cell-specific and a UE-specific higher layer parameters jointly determine the allowed SRS sequence bandwidths in a Cell. For each value of the cell-specific parameter, only four different SRS bandwidths are allowed each of which corresponding to a value of the UE-specific parameter; 2) Phyiscial resource mapping of the allowed four SRS bandwidths follows a specific nested structure. To support more flexible SRS physical resource mapping, we discussed in [4] that the above two rules can be modified without compromising the SRS performance. In particular, the number of allowed SRS sequence bandwidths can be increased and LTE nested physical resource mapping structure can be relaxed.  
Discussion on SRS resource
SRS resource configuration in time domain
In LTE, SRS can be mapped in the last symbol for UL subframe and two/four symbols for UpPTS. In NR, due to the large number of UE in NR-cell, more time-frequency resources are required. Moreover, since SRS is agreed for beam management in addition to CSI acquisition, the demand for SRS resources is further increased, e.g., sweeping of analog beamforming may need multiple SRS symbols. Therefore, the possible symbols for SRS transmission in one slot (with multiple UL symbols) can be more than one. However, if there is also PUSCH transmitted in the same slot, the number of PUSCH symbols should not be too small to restrict PUSCH scheduling, and thus the possible SRS symbols within this slot should be limited. On the other hand, if there is no PUSCH in the slot, all UL symbols can be used for SRS transmission. Consequently, the possible SRS symbols N within one slot should satisfy 1≤N≤m or N=n, where m is a small number defined in specification, e.g., m=4, and n equals to the number of UL symbols of the slot. 
Proposal 4: Symbol locations for SRS transmission are configurable in NR where a subset of or available UL symbols in one slot can be configured to transmit SRS. 
In LTE, multiple SRS ports can be transmitted on the same SC-FDMA symbol from one UE. Therefore, the number of supported SRS ports within one symbol should be more than one in NR, and a maximum port number for one UE should be defined, e.g., the same as maximum PUSCH DMRS port number. In RAN1#88b, it was 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. For simplicity, one SRS resource can be defined within one slot, and possibly with slot level period. When SRS resource is used for different purpose, the value of X may be different. For example, X can be a small number, e.g., X=1 or 2, for beam management, and moreover X can be 1 or larger than 1, e.g., X=4, for CSI acquisition. Therefore, it is preferred to limit the number of Tx beams of each SRS resource to one, i.e., each port of the same SRS resource corresponds to the same Tx beam. If spatial QCL with Tx parameter is defined for UL, the X ports within the same SRS resource are spatial QCLed with Tx parameter. In order to measure multiple Tx beams, e.g., from different UE panels, gNB may configure a set of SRS resource with different Tx beams. According to this SRS resource design, the SRS-based UL beam indication can be simplified, e.g., only by indicating SRI(s).
Since it is agreed that the number of OFDM symbol and SRS ports should be configured to one SRS resource, in order to avoid the configuration of relation between SRS port and symbol, it is preferred that all of the X SRS ports are sounded in each OFDM symbol of the SRS resource. If the number of symbol in one SRS resource is 1 in a single slot, it can be used for CSI acquisition, and a set of multiple such SRS resources can be used for beam management. If the number of symbols in one SRS resource is larger than 1 in a single slot, it can be used for SRS frequency hopping for wideband measurement, UE-to-UE cross-link interference measurement, SRS repetition for coverage enhancement or Rx beam sweeping.
Proposal 5: Support the following X-port SRS resource design:
· All X SRS ports confined in one SRS resource are spatial QCLed.
· The maximum value of X equals to the maximum supported UL DMRS port number
· One SRS resource spans one or multiple OFDM symbols within a single slot, where all X SRS ports are sounded in each OFDM symbol
In LTE, SRS mapping in time domain is jointly determined based on cell-specific and UE-specific signaling, which configure reserved SRS symbol and SRS transmission symbol, respectively. PUSCH is not allowed to be transmitted on the reserved SRS symbols. By this scheme, low PUSCH mapping complexity and UL DCI overhead for SRS can be obtained. However, the PUSCH resource is reduced, and furthermore, the resource may be wasted if no SRS is transmitted on the scheduled PRBs in the cell-specific SRS symbol. 
In NR, the number of SRS symbol may be larger than LTE, and therefore serious waste of resources may happen. To improve resource utilization/flexibility, multiplexing of SRS and PUSCH in the same symbol can be supported, which is illustrated in Figure 1. In this case, the configuration of reserved/cell-specific SRS symbol is not necessary. Instead, PUSCH symbol can be indicated to UE by DCI, and therefore UE does not need to know the SRS frequency location/hopping pattern of other UEs. The PUSCH mapping complexity and UL DCI overhead is increased by this scheme. Additionally, if the numerologies of SRS and PUSCH are different, the multiplexing between them will be more complex and depend on UE multi-numerology capability.
 [image: ] 
Figure 1. Co-existence of SRS and PUSCH in the same resource pool
For the sake of better resource utilization and mapping flexibility, we have the following proposal.
Proposal 6: Support multiplexing of SRS and PUSCH in the same symbol at least with the same numerology, which can be transmitted from the same UE or different UEs. 

SRS resource configuration in frequency domain 
In LTE, SRS is used for CSI acquisition, and frequency hopping is supported for UE with limited power to send SRS on a wideband. In NR, it is agreed to support SRS frequency hopping at least within a partial-band, which is defined as a configurable band that smaller than UE largest transmission bandwidth. For SRS transmission, it is not decided whether one or multiple partial-bands can be configured to one UE, and both of them are compared as follows.
· One UE corresponds to only one partial-band. gNB can configure one partial-band to one UE for its SRS transmission. However, it is complex to avoid SRS collision during frequency hopping for UEs with partial overlapped partial-band. Therefore, methods to guarantee low cross-correlation or orthogonality between different SRS sequences mapped on overlapped/partial-overlapped REs should be investigated, which can be found in Section 2.1.
· One UE corresponds to one or multiple partial-bands. In this case, gNB configures UE one or multiple partial-bands to transmit SRS cell-specifically or UE-specifically. For example, gNB may decide which bandwidth part to transmit data based on measurement of SRS on multiple partial-bands, where the measured bandwidth should be no less than the bandwidth part for data transmission.   Moreover, each UE may be configured with different numbers of partial-bands, depending on the bandwidth for UL measurement, e.g., UE largest transmission bandwidth or a larger bandwidth (RF retuning is required in this case). Therefore, frequency hopping among partial-bands is necessary for this case. Additionally, if the partial-band partition is cell-specific, the SRS collision during frequency hopping can be avoided between UEs with the same comb and different bandwidths for UL measurement. In this condition, frequency hopping counting should be independent within each partial-band, and regardless of hopping among partial-bands.
According to the discussion above, if UE is configured with more than one partial-band, it is necessary to measure all configured partial-band by transmitting SRS. 
Proposal 7: For SRS transmission, support frequency hopping among partial-bands if UE is configured with more than one partial-band.
For frequency hopping within one partial-band, it can be similar to that in LTE. For example, the partial-band can be treated as the cell-specifically configured SRS bandwidth, and tree-like frequency position/ hopping pattern can be configure to UE similar to LTE.
In NR, SRS can also be used for beam management, which may not need wide-band measurement due to similar spatial parameters for PRBs within the wide-band. Moreover, for SRS transmitted on different Tx-Rx beam pair, it is preferred to map the SRS one the same sub-carriers for the sake measurement fairness. 
Consequently, NR should support to transmit SRS on multiple symbols in the same frequency position or in frequency hopping manner, which is illustrated in Figure 2.
[image: ]
Figure 2. SRS position for CSI acquisition and beam management

Numerology configuration for SRS resource 
It was agreed in RAN1#87 that NR supports SRS transmission where numerology can be configurable for a UE. This allows gNB to let UE know which numerology is used for SRS. For DL beam management, the working assumption in RAN1#88b lists three options for CSI-RS to configure sub-time units smaller than an OFDM symbol in a reference numerology, i.e., IFDMA, larger sub-carrier spacing and DFT-based. For SRS-based UL beam management, it should be discussed whether or not allow to configure UE to transmit SRS with larger sub-carrier spacing than a reference sub-carrier spacing. The Pros and Cons of larger sub-carrier spacing are discussed as follows
· Pros: Numerology for SRS transmission using a larger subcarrier spacing first can reduce the beam management overhead, as the transmission time of SRS to sub-symbol durations is reduced. And then the beam switching latency can be reduced, as the short duration for the larger subcarrier spacing. 
· Cons: Transmitting SRS with larger sub-carrier may depends on UE capability, and the beam switching time may require a longer CP, which results in large CP overhead. Furthermore, the coverage of each beam is reduced since the symbol length is reduced.
Additionally, since SRS is transmitted in IFDMA manner, the Rx beam sweeping can be realized without any specification impact.
Observation 1: Issues such as SRS overhead, latency, UE capability, CP overhead, coverage should be considered for determining the sub-carrier spacing of SRS.
Furthermore, if it is allowed to configure UE to transmit SRS with larger sub-carrier spacing, simultaneous multi-numerology SRS transmission becomes not necessary. 
Discussion on beamformer/precoder for SRS resource 
It was agreed in RAN1#88 [2] that both of two alternatives are supported for SRS Tx beamformer determination for CSI acquisition and beam management:
· 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.
Both of these alternatives are suited to different situations as follows:
Alt 1:  “UE applies gNB transparent Tx beamformer for SRS” – is best suited to UEs which have Tx/Rx beam correspondence and have already performed DL measurements which can be used for UE determination of Tx beam-former for SRS. If neither of these conditions is satisfied, UE determined Tx beam-former may be ineffective.
Alt 2: “based on gNB indication”. When this is a direct indication (see discussion about indirect methods below) this alternative is well suited to UEs which are not beam-correspondent, have not performed DL measurements and/or may not be link budget limited. Moreover, the method can also be used for CSI acquisition procedures for reciprocity based operation when beam correspondence is assumed. However since the exact spatial orientation of the UE is not known, schemes to support this alternative need to be studied. Examples of suitable schemes include:
i)	UE first transmits (i.e. SRS, PRACH)  on a set of candidate beam-formers, so the gNB/NR cell can then decide and indicate which beamformer(s) from the candidate set is (are) the best one(s) for subsequent beam-formed SRS transmission. The indication can be a resource index (possibly with port index) of the first transmission resources, or an index of a sub-set of them. Therefore, spatial QCL can be assumed between them, e.g., the same Tx beam. 
OR
ii) For UEs which are not uplink budget limited, the UE can first transmit non-precoded SRS (like LTE-A), so the gNB/NR cell can determine the best beamformer/ precoder to use for subsequent SRS transmission (assuming UE codebook is known) 
Therefore, it is our view that gNB/ NR cell shall determine which alternative (Alt 1 or Alt 2) to configure for each UE, based on the UE beam correspondence capability, the timing and the environment of the scheduled SRS transmission. Furthermore, knowledge of each UEs beam-forming capability (i.e. number of different beam-formed directions) is required at the gNB/NR cell to determine how many SRS resources should be allocated to each UE for either Alt 1 or Alt 2. This may be indicated as part of UE capabilities.
Observation 2: “Alt.1: UE applies gNB-transparent Tx beamformer to SRS” is best suited to UEs which are Tx/Rx beam correspondent and have performed DL measurements to determine Tx beam-former direction(s).
Proposal 8: gNB should send indication to each UE to configure which alternative (Alt 1 or Alt 2) shall be used for determination of UE Tx beamformer for SRS.
Proposal 9: For alt 2, support gNB to send UE resource index(s), e.g., SRS resource or RACH transmission occasion index(s), which indicates UE to transmit SRS by the Tx beam(s) used for signal transmission on the indicated resource(s). 
For the purpose of interference management and / or beam management, we additionally propose, that, the gNB/NR cell should have the capability to configure a subset of Tx beamformers which are available for selection at the UE. The UE should then select the best Tx beam-former (in a gNB transparent manner) from this subset, based on DL measurements for SRS transmission.  This is effectively an enhancement of alternative 2.
Proposal 10: Support the use of UE applying a gNB transparent SRS UE Tx beam-former, whereby UEs choice is constrained within an available set of Tx beamformers configured by gNB.
Furthermore, if the UE has already been involved in communication with the gNB and beam paired linked between the UE and gNB have been established (at the UE) prior to the eNB SRS resources being scheduled, it would be beneficial for the gNB to indicate to the  UE which gNB receiver beam will be used for each allocated SRS resource.  
Such an indication would be beneficial for alt 1, (UE applies gNB transparent Tx beamformer for SRS) since the UE can then optimally decide which UE Tx beam-former to use for each allocated SRS resources, based on which gNB receiver beam is used. Additionally, however, this indication could be an indirect signaling for alt 2, (gNB indication of UE Tx beamformer) assuming the beam pair links at the UE and Tx are aligned. 
This indication of gNB receiver beam to the UE could be an explicit BPL or an implicit association, e.g., CSI-RS resource and/or port index according to beam correspondence. The indication should be transmitted with the scheduling/ SRS configuration message to the UE.
Proposal 11: The indication of the assigned Rx beam(s) of the gNB for each assigned SRS resources, e.g., by BPL index or CRI, should be supported and can be used for either alternative (alt 1 or alt 2).

SRS configuration in NR 
Similar to CSI-RS resource setting in downlink, SRS resource setting can be introduced to support flexible SRS configuration. In particular, the SRS resource setting is to configure one or more SRS resource set(s) to UE, and each resource set contains one or more SRS resource(s), where one SRS resource is defined within a slot. The SRS resource setting includes the configuration of each SRS resource and the SRS resources contained in each SRS resource set. 
The configuration of SRS resource may include mapping to REs (e.g., bandwidth, frequency hopping, symbols, comb), time domain behavior (e.g., period), SRS ports, sequence configuration (e.g., root, cyclic shift). Moreover, to configure the SRS resource set(s), the SRS resource setting includes the contained SRS resource(s) of each SRS resource set, and the beam relation at least among SRS resources (if necessary, e.g., sweeping types) within the same SRS resource set. The SRS resource setting is transmitted in high layer. Finally, DCI or some high layer signaling can be used to trigger SRS transmission on one or multiple SRS resource sets.
This SRS configuration framework can support both beam management and CSI acquisition. For example, multiple SRS resources in one SRS resource set can be used for UL Rx beam sweeping and CSI acquisition based on the selected Rx beam by gNB. They can also be applied to select narrow beam pair link from a wide beam pair link (e.g., Tx beam sweeping after Rx beam sweeping). Moreover, multiple SRS resource sets can be used for different purposes (e.g., CSI acquisition, Tx beam sweep, Rx beam sweep) or SRS transmission to different TRPs.
Proposal 12: Support gNB to configure one or more SRS resource set(s) to UE, and each resource set contains one or more SRS resource(s).

SRS carrier-based (or bandwidth part-based) switching 
In LTE Rel-14, SRS carrier-based switching was standardized so that a UE with fewer UL CCs than DL CCs in TDD can perform sounding on possibly all TDD CCs, thus providing the network with more accurate CSI on those CCs for better beamforming in DL. In NR, it may still be very likely that a UE simultaneously supports more DL CCs (or bandwidth parts) than UL CCs (or bandwidth parts). SRS switching should be supported so that the UE can perform sounding over time on all CCs (or bandwidth parts) with DL. Furthermore, as standardized in Rel-14, standalone SRS configurations, e.g., SRS power control, (as opposed to SRS configurations based on PUSCH configurations) are needed for supporting SRS transmission on a PUSCH-less CC. Therefore, standalone SRS configurations should be supported in NR.
Proposal 13: Support SRS carrier-based (or bandwidth part-based) switching.
Proposal 14: Support SRS configurations independent of PUSCH configurations.
SRS switching for UEs with multiple antennas
For TDD system, since generally all antennas carriers would be utilized in DL reception, it is desired to support sounding for all antennas of UE.  However, with the different DL and UL capabilities, UE can sound on one, several, or all antennas at a time. In the case that the UE cannot sound on all antennas at the same time, antenna switching can be introduced to sound on all the antennas over time. Moreover, for the antenna switching between two adjacent UL symbols, the impact of antenna switching time should be considered and further investigated if it is larger than or similar to the CP duration.
Proposal 15: Support transmit antenna switching for the sounding if the UE cannot sound on all antennas at the same time. 
Conclusions
Based the discussions above, we have the following observations and proposals:
Observation 1: Issues such as SRS overhead, latency, UE capability, CP overhead, coverage should be considered for determining the sub-carrier spacing of SRS.
Observation 2: “Alt.1: UE applies gNB-transparent Tx beamformer to SRS” is best suited to UEs which are Tx/Rx beam correspondent and have performed DL measurements to determine Tx beam-former direction(s).

Proposal 1: ZC sequences shall be used for NR SRS sequence design.
Proposal 2: Alt-1 SRS sequence design wherein SRS is not a function of allocated PRB position shall be supported in NR.
Proposal 3: UE-specifically configured SRS sequence ID is supported and the ZC root of SRS sequence is at least a function of SRS sequence ID and SRS sequence length, and whether or not depends on the SRS scheduled time is based on gNB configuration.
Proposal 4: Symbol locations for SRS transmission are configurable in NR where a subset of or available UL symbols in one slot can be configured to transmit SRS. 
Proposal 5: Support the following X-port SRS resource design:
· All X SRS ports confined in one SRS resource are spatial QCLed.
· The maximum value of X equals to the maximum supported UL DMRS port number
· One SRS resource spans one or multiple OFDM symbols within a single slot, where all X SRS ports are sounded in each OFDM symbol
Proposal 6: Support multiplexing of SRS and PUSCH in the same symbol at least with the same numerology, which can be transmitted from the same UE or different UEs. 
Proposal 7: For SRS transmission, support frequency hopping among partial-bands if UE is configured with more than one partial-band.
Proposal 8: gNB should send indication to each UE to configure which alternative (Alt 1 or Alt 2) shall be used for determination of UE Tx beamformer for SRS.
Proposal 9: For alt 2, support gNB to send UE resource index(s), e.g., SRS resource or RACH transmission occasion index(s), which indicates UE to transmit SRS by the Tx beam(s) used for signal transmission on the indicated resource(s). 
Proposal 10: Support the use of UE applying a gNB transparent SRS UE Tx beam-former, whereby UEs choice is constrained within an available set of Tx beamformers configured by gNB.
Proposal 11: The indication of the assigned Rx beam(s) of the gNB for each assigned SRS resources, e.g., by BPL index or CRI, should be supported and can be used for either alternative (alt 1 or alt 2).
Proposal 12: Support gNB to configure one or more SRS resource set(s) to UE, and each resource set contains one or more SRS resource(s).
Proposal 13: Support SRS carrier-based (or bandwidth part-based) switching.
Proposal 14: Support SRS configurations independent of PUSCH configurations.
Proposal 15: Support transmit antenna switching for the sounding if the UE cannot sound on all antennas at the same time. 
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