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[bookmark: _Toc470166977]Introduction
In RAN1#87ah-NR, the following agreement was made regarding SRS design:Agreements:
· 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
Agreements:
· 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

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.
· 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)





In this contribution, we discuss further SRS design principles and propose several requirements. 
[bookmark: _Toc470166979]Discussion
CSI measurements on SRS in the UL are essential for several procedures. Apart from the ones for which SRS has been primarily designed for in LTE, e.g., scheduling and link adaptation, in NR it is expected that there will be increased focus on new ones, e.g., reciprocity-based precoding design for massive MIMO and UL beam management. These procedures can have significantly different requirements both on the channel estimation quality and the capacity enabled by SRS. Also, while in NR multi-antenna UEs will become commonplace, depending on the use case and carrier frequency, they will have different HW configurations and corresponding beamforming capabilities, i.e., analog or digital. Furthermore, the supported allocation bandwidth may be device dependent, e.g., narrowband IoT type of devices and wideband eMBB devices. 
[bookmark: _Toc470172152][bookmark: _Toc474179567]A modular SRS design, with flexible resource allocation is needed, to meet the diverse use cases for the SRS. Flexibility is needed both in terms of frequency allocation, as well as time allocation. 
[bookmark: _Toc470172295][bookmark: _Toc470172408][bookmark: _Toc470172467][bookmark: _Toc470172513][bookmark: _Toc470172624][bookmark: _Toc470172662][bookmark: _Toc471309114][bookmark: _Toc474179568]The SRS design need to support many orthogonal sequences to accommodate many simultaneously sounding UEs and/or UE antenna ports. Orthogonalization could be done in time, frequency and code. 
To be able to cater for the diverse sounding requirements in NR, we propose to design the SRS in a modular and flexible way, such that it can be configured to support several procedures and UE capabilities. A similar approach has been suggested for CSI-RS, which also need to be flexible to cope with the diverse requirements. 
In the following sections, we outline our view on SRS design to meet the many different requirements. We start by describing the NR-SRS resource unit, the smallest time/frequency allocation. We then describe how a set of these units can be aggregated to create an SRS resource, which is used to trigger an SRS transmission using this set of units.   
NR-SRS resource unit
To achieve a modular design, it is beneficial to define a smallest resource unit, i.e the minimum SRS partial band. A set of these units can then be aggregated to create different SRS resources, needed for specific requirements or procedures. Several aspects should be considered when defining the time/frequency allocation of such unit. 
[bookmark: _Toc474179569][bookmark: _Toc470172153]With a well-defined SRS resource, SRS scheduling can be done that cater for the foreseen diverse needs.
A SRS resource unit is defined within a single OFDM symbol to ensure that the overhead can be kept at a minimum. A single OFDM symbol design also allows for flexible placement of the resource in the slot. Note that this does not preclude that an SRS resource cover multiple OFDM symbols. More on that in a later section. 
The allocation of an SRS resource unit in frequency, and the number of used subcarriers, depends further on a number of other design choices, e.g., related to the sequence design and how port orthogonalization is performed. These will be discussed in the following.
Port orthogonalization
The number of orthogonal sequences that can be detected is essentially determined by the sequence length and the delay spread of the channel. There are different ways to achieve orthogonality, e.g., IFDMA/combs, phase rotations, orthogonal cover codes. As we will come back to later in this contribution, comb reuse between cells can significantly improve system performance, therefore adopting IFDMA with a RPF≥2 need to be considered for NR. To support multiple sounding of multiple ports, cyclic shifts has been used in LTE, and we propose that this should be adopted in NR. With a RPF=4, the use of up to 8 cyclic shifts should be supported.
[bookmark: _Toc471309103][bookmark: _Toc471386446][bookmark: _Toc471392582][bookmark: _Toc471394353][bookmark: _Toc471395005][bookmark: _Toc471395565][bookmark: _Toc471760503][bookmark: _Toc473890916][bookmark: _Toc473890963][bookmark: _Toc473900421][bookmark: _Toc474165236][bookmark: _Toc474179579]For SRS port orthogonalization and to enable SRS interference management, NR should support IFDMA with a RPF=4, together with 8 cyclic shifts 
[bookmark: _Toc473890917]In some scenarios, e.g. in deployments with a large number of UEs, the limited number of orthogonal resources could limit service availability, and/or produce a too large overhead. In such scenarios, it could be beneficial to allow for non-orthogonal SRS sounding. This could, e.g., be obtained by allowing for multiple sequences with low cross-correlation to be used within the same cell. 
[bookmark: _Toc474179570]In some scenarios, allowing for non-orthogonal SRS transmission within the same cell could be beneficial.  

Sequence length and minimum frequency allocation 
One important aspect for the SRS design is to make sure that orthogonality between sequences can be preserved when scheduling SRS to multiple UEs with partial overlapping resources. To achieve this, without wasting orthogonal resources, the base sequence should be resource specific in NR, in contrast to LTE where the sequence is dependent on the allocation size. That is, the SRS sequence should be a function of the sounding bandwidth position. Our proposed solution is that NR adopt the concept of block concatenated sequences, see [2],[3]. 
[bookmark: _Toc470172154][bookmark: _Toc474179571]The SRS resource unit must be defined in such a way that it allows for flexible sounding of multiple UEs with overlapping allocations.
[bookmark: _Toc470172155][bookmark: _Toc474179572]The way the orthogonal resources are designed will have an implication on the design of the base sequence. 
[bookmark: _Toc471309105][bookmark: _Toc471386448][bookmark: _Toc473890918][bookmark: _Toc473890964][bookmark: _Toc473900422][bookmark: _Toc474165237][bookmark: _Toc474179580][bookmark: _Toc471394354][bookmark: _Toc471395006][bookmark: _Toc471395566][bookmark: _Toc471760504][bookmark: _Toc471309106][bookmark: _Toc471386449]The SRS sequence should be resource specific, i.e., the SRS sequence should be a function of the sounding bandwidth position, to simplify preserving orthogonality for overlapping SRS allocations.
[bookmark: _Toc473890919][bookmark: _Toc473890965][bookmark: _Toc473900423][bookmark: _Toc474165238][bookmark: _Toc474179581]The SRS sequence should be created using concatenated block Zadoff-Chu sequences.

As proposed above, IFDMA with RPF≥2 should be considered for NR and this put a limit on the minimum number of subcarriers in a resource unit, due to the limitation of finding a suitable set of short sequences. With a RPF=4, and using a sequence of length 12, the smallest allocation would be 4 PRBs. This size would be suitable in most scenarios, but scenarios or services (such as mMTC) may exist where smaller allocation sizes, e.g. 2 PRBs, could be suitable. Such small allocations could be made on a dedicated comb, allowing for overlapping scheduling with 4PRB SRS units.         
[bookmark: _Toc471309107][bookmark: _Toc471386450][bookmark: _Toc471392583][bookmark: _Toc471394355][bookmark: _Toc471395007][bookmark: _Toc471395567][bookmark: _Toc471760505][bookmark: _Toc473890920][bookmark: _Toc473890966][bookmark: _Toc473900424][bookmark: _Toc474165239][bookmark: _Toc474179582]An SRS resource unit should be confined within one OFDM symbol, and cover 48 subcarriers, i.e., 4 PRBs.
[bookmark: _Toc471392584][bookmark: _Toc471394356][bookmark: _Toc471395008][bookmark: _Toc471395568][bookmark: _Toc471760506][bookmark: _Toc473890921][bookmark: _Toc473890967][bookmark: _Toc473900425][bookmark: _Toc474165240][bookmark: _Toc474179583]Study the need for smaller allocations, such as 2 PRBs.
UEs in the same cell have different channel conditions and possibly different capabilities. It is thus likely that some will be using CP-OFDM while others DFTS-OFDM as UL waveform. From UE complexity point of view, it would be beneficial to have the same SRS design for both CP-OFDM and DFTS-OFDM; see also [1].
[bookmark: _Toc471386451][bookmark: _Toc471392585][bookmark: _Toc471394357][bookmark: _Toc471395009][bookmark: _Toc471395569][bookmark: _Toc471760507][bookmark: _Toc473890922][bookmark: _Toc473890968][bookmark: _Toc473900426][bookmark: _Toc474165241][bookmark: _Toc474179584]Consider Zadoff-Chu sequences in the design of SRS signals for both CP-OFDM and DFTS-OFDM.

NR-SRS resource
It has been agreed that the UE should be configured with a set of SRS resources, configured through RRC messaging. The detailed definition of the resource is still to be decided, and we present our view in this section.
Having discussed the SRS resource unit in precious section, we can now aggregate a number of these units to create a SRS resource. The SRS unit provide a flexibility to define a resources that cover a certain bandwidth, and a number of OFDM symbols. This is shown in Figure 1, where a resource is created by aggregating units.
[image: ]
[bookmark: _Ref473878463]Figure 1: Aggregation of SRS resource units into an SRS resource, where (a) could correspond to a beam sweap, and (b) to narrowband frequency hopping 
To further illustrate how the SRS resources can be used, please consider the following example. 
Let the UE be configured with four different resources, according to Table 1. The gNB can then indicate through DCI which resource the UE should use. If R1 is signaled, the UE preform a beam sweep of four beams in consecutive OFDM symbols, each covering a bandwidth equivalent to 4 SRS units. The sounding is performed on a specific comb and cyclic shift. If R2 is signaled, the UE performs sounding of a single port over an entire subframe of 14 OFDM symbols. The sounded bandwidth would in this case be equivalent to 14 SRS units. In the same way, R3 and R4 could be scheduled for single or dual port sounding. Note that additional RRC or DCI parameter are needed for specifying the exact behavior. 
[bookmark: _Ref473884409]Table 1: Example of SRS resources. Note that additional RRC or DCI parameters are needed for a given functionality.
	Resource idx
	Resource specification
	Comment 

	R1
	4 ports, 4 SRS units in frequency, 4 OFDM symbols, comb idx 0, cyclic shift idx 0  
	Beam sweep of four beams

	R2
	1 port, 1 SRS unit in frequency, 14 OFDM symbols, comb idx 0, cyclic shift idx 0  
	Narrow band frequency hopping

	R3
	1 port, 10 SRS unit in frequency, 2 OFDM symbols, comb idx 0, cyclic shift idx 0  
	Wide band two port sounding

	R4
	2 port, 10 SRS unit in frequency, 4 OFDM symbols, comb idx 0, cyclic shift idx 0  
	Wide band single port sounding

	R5
	4 ports, 10 SRS units in frequency, 1 OFDM symbol,
Comb idx 0, 1, cyclic shift idx 0,4
	Wide band four port sounding


 
The number of resource alternatives that need to be RRC configured, will, e.g., depend on the foreseen usecases, needed flexibility and DCI overhead considerations. 
[bookmark: _Toc473890924][bookmark: _Toc473890970]Having discussed the SRS resource, we now continue with discussing a number of sounding scenarios that need to be supported. This is also related to the RRC signalling and hence needs some additional consideration outside of the scope of SRS.
Dynamic scheduling
In order to support energy efficient network operations and avoid always-on RS interference, it has been decided that NR supports configurable SRS bandwidth and aperiodic SRS transmission, triggered by the network. Such dynamic SRS transmissions improve the SRS capacity; if the SRSs are only transmitted when they are needed, more users can be accommodated. This is particularly useful when the pre-coder design is based on channel reciprocity, especially for MU-MIMO operation, due to the high requirements on channel estimation for efficient null-forming. In such cases, it should be possible for NR to configure the sounding bandwidth according to the DL scheduling bandwidth. Also, the time domain density of SRS should be adapted to the variability of the channel; high density is required in high mobility scenarios.  

Partial band sounding and repeated SRS transmissions
[bookmark: _Toc470172286]At high frequencies, SRS coverage may be limited due to high propagation loss and limitations on UE TX power. Moreover, SRS coverage may be further affected when NR is deployed in wide bandwidth carriers and, correspondingly, UEs operate with short symbol durations (i.e., subcarrier spacing >15kHz). Due to the abovementioned limitations, the UE may only be able to sound a small part of the bandwidth. To overcome this, NR should support frequency hopping or staggered transmission bands across OFDM symbols, to increase coverage, i.e., sounding of partial bands in different OFDM symbols. This could be configured using the SRS resource, as exemplified above.
[bookmark: _Toc470172287][bookmark: _Toc470172402][bookmark: _Toc470172461][bookmark: _Toc470172507][bookmark: _Toc470172619][bookmark: _Toc470172657][bookmark: _Toc471309109][bookmark: _Toc471386453][bookmark: _Toc471392587][bookmark: _Toc471394359][bookmark: _Toc471395011][bookmark: _Toc471395571][bookmark: _Toc471760509][bookmark: _Toc473890926][bookmark: _Toc473890972][bookmark: _Toc473900428][bookmark: _Toc474165242][bookmark: _Toc474179585][bookmark: _Toc470172289][bookmark: _Toc470172404][bookmark: _Toc470172463][bookmark: _Toc470172509][bookmark: _Toc470172621][bookmark: _Toc470172659][bookmark: _Toc471309111]NR should support SRS sounding of the total system bandwidth through frequency hopping, performed over consecutive OFDM symbols. 
For scenarios where accurate, wideband channel knowledge is needed, e.g., reciprocity-based operation, scheduling narrowband SRSs in multiple, consecutive OFDM symbols may be needed. In some cases, the sounding procedure may be configured to take up the entire UL timeslot, e.g. when there is no urgent uplink data transmission. In this way, the entire wideband channel could be sounded, even for a power limited UE, within a single slot, by sweeping the bandwidth with narrow band SRS allocations.  In case of inter-cell measurements, a coordinated sweeping pattern should be supported, e.g. a stair-case like pattern as depicted in Figure 1 b) and a more randomized pattern. Further both pattern types should be possible to repeated twice two enable gNb based estimation of e.g. Doppler.

[bookmark: _Toc470172290][bookmark: _Toc470172405][bookmark: _Toc470172464][bookmark: _Toc470172510][bookmark: _Toc470172622][bookmark: _Toc470172660][bookmark: _Toc471309112][bookmark: _Toc471386455][bookmark: _Toc471392589][bookmark: _Toc471394361][bookmark: _Toc471395013][bookmark: _Toc471395572][bookmark: _Toc471760510][bookmark: _Toc473890927][bookmark: _Toc473890973][bookmark: _Toc473900429][bookmark: _Toc474165243][bookmark: _Toc474179586]NR should support scheduling of multiple consecutive OFDM symbols carrying SRS, potentially filling up an entire slot. 
[bookmark: _Toc471386456][bookmark: _Toc471392590][bookmark: _Toc471394362][bookmark: _Toc471395014][bookmark: _Toc471395573][bookmark: _Toc471760511][bookmark: _Toc473890928][bookmark: _Toc473890974][bookmark: _Toc473900430][bookmark: _Toc474165244][bookmark: _Toc474179587]NR should support wideband SRS sounding, by sweeping the bandwidth with narrow band SRS allocations in consecutive OFDM symbols. 
Multi-port sounding
In several use cases that NR is expected to support, the density of UEs simultaneously requiring service will be very high. It should be possible for NR to obtain channel measurements for all those UEs on SRS using the same resources. This is particularly important in order to enable reciprocity-based MU-MIMO precoding design. Additionally, in several use cases the UEs are expected to have multiple transmit antennas and so SRS should support sounding multiple UE antenna ports. To minimize the interference in the sounding process, orthogonal SRS need to be assigned to the simultaneously sounded UE antenna ports. 
[bookmark: _Toc470172292]NR should support CSI measurements of the entire multi-antenna channel based on SRS. This is essential in scenarios where reciprocity holds and the design of the pre-coder is based on it. To enable this functionality, NR should support simultaneous (in the same slot or same OFDM symbol) sounding from multiple UE antenna ports as exemplified in Table 1 R5. 
[bookmark: _Toc470172293][bookmark: _Toc470172406][bookmark: _Toc470172465][bookmark: _Toc470172511][bookmark: _Toc470172623][bookmark: _Toc470172661][bookmark: _Toc471309113][bookmark: _Toc471386457][bookmark: _Toc471392591][bookmark: _Toc471394363][bookmark: _Toc471395015][bookmark: _Toc471395574][bookmark: _Toc471760512][bookmark: _Toc473890929][bookmark: _Toc473890975][bookmark: _Toc473900431][bookmark: _Toc474165245][bookmark: _Toc474179588]Support simultaneous (same OFDM symbol or slot) sounding of multiple antenna ports, for UEs with multiple transmit antennas and TXRUs. 
[bookmark: _Toc470172294][bookmark: _Toc470172407][bookmark: _Toc470172466][bookmark: _Toc470172512]Moreover, for UEs with more than two RX antennas and radio chains and used for reciprocity based operation, it would be beneficial if those UEs also have the capability for at least two TX transmission, to capture the uncorrelated domain in the reciprocity channel (e.g. polarization domain).
[bookmark: _Toc470172157][bookmark: _Toc474179573]It is beneficial if UEs with two RX antennas or more have at least two TX antennas to capture the uncorrelated domain in the reciprocity measurement
How and whether to capture this as a mandatory requirement needs further discussion. In general, UE capabilities to support reciprocity based operation for NR needs to be agreed.
Interference coordination and power boosting
In order to guarantee accurate SRS based CSI accusation, it is important to achieve a good SINR at the receiver. This involves handling transmit power, as well as making sure that the interference is sufficiently small.
In some scenarios, e.g. when UEs are at the cell edge, there is a considerable risk that the quality of CSI measurements is affected by intra-cell SRS interference. This may occur if neighboring TRPs independently allocate SRS to the UEs. SRS interference can be avoided if there is coordination among TRPs within a cluster. For example, each TRP could use different combs to generate inter-cell orthogonal SRS sequences [4].
[bookmark: _Toc470172299][bookmark: _Toc470172411][bookmark: _Toc470172470][bookmark: _Toc470172516][bookmark: _Toc470172627][bookmark: _Toc470172665][bookmark: _Toc471309117][bookmark: _Toc471386458][bookmark: _Toc471392592][bookmark: _Toc471394364][bookmark: _Toc471395016][bookmark: _Toc471395575][bookmark: _Toc471760513][bookmark: _Toc473890930][bookmark: _Toc473890976][bookmark: _Toc473900432][bookmark: _Toc474165246][bookmark: _Toc474179589]Design SRS such that allows for configuration coordination between TRPs to reduce SRS interference.
In some scenarios, interference cancellation techniques could be used to handle intra-cell interference. In such situations, it is beneficial if the SRS transmissions in one cell collide with SRS transmissions in another cell. From that perspective, data should never be FDM with SRS symbols.
[bookmark: _Toc470172297][bookmark: _Toc470172410][bookmark: _Toc470172469][bookmark: _Toc470172515][bookmark: _Toc470172626][bookmark: _Toc470172664][bookmark: _Toc471309116][bookmark: _Toc471386459][bookmark: _Toc471392593][bookmark: _Toc471394365][bookmark: _Toc471395017][bookmark: _Toc471395576][bookmark: _Toc471760514][bookmark: _Toc473890931][bookmark: _Toc473890977][bookmark: _Toc473900433][bookmark: _Toc474165247][bookmark: _Toc474179590]The SRS should be transmitted in one, or more, dedicated OFDM symbols, such that data symbols are never FDM with SRS symbols for a given UE.
Power boosting and power ramping for SRS
In LTE, to improve coverage, more power can be used on SRS as compared to data. Though beneficial from a coverage perspective, it causes problems due to the needed ramping of the power amplifier (PA). 
A “real-life” problem observed in LTE when SRS is transmitted is where the SRS transmissions distort the adjacent PUSCH symbols due to the 40 s transient period allowed (due to RAN4 requirements) for power ramping in [TS 36.101], see Figure 1. The PUSCH samples adjacent to the SRS are distorted and in the worst case need to be discarded, which reduces the uplink spectral efficiency in SRS subframes. The problem is accentuated in LTE by the fact that there is no interleaver after the uplink circular buffer rate matching, so consecutive PUSCH bits are damaged.    

[image: ]
Figure 2 SRS time mask in LTE, from [TS 36.101]
When considering power boosting for NR-SRS, it is important to investigate this impact and possible solutions, including stricter RAN4 requirements.  Solutions could also be to consider alternative methods to improve coverage.
[bookmark: _Toc470172304][bookmark: _Toc470172414][bookmark: _Toc470172473][bookmark: _Toc470172519][bookmark: _Toc470172630][bookmark: _Toc470172668][bookmark: _Toc471309120][bookmark: _Toc471386460][bookmark: _Toc471392594][bookmark: _Toc471394366][bookmark: _Toc471395018][bookmark: _Toc471395577][bookmark: _Toc471760515][bookmark: _Toc473890932][bookmark: _Toc473890978][bookmark: _Toc473900434][bookmark: _Toc474165248][bookmark: _Toc474179591]Study the impact of PA ramping when power boosting SRS, and consider other solutions, such as SRS repetition, for increasing coverage.

Precoding and port coherency
[bookmark: _Toc470172306]At high frequencies, another way to extend the SRS coverage can be to pre-code the SRS. In addition to providing array gain, precoding may also enable increased TX power per SRS resource since the total TX power is divided over fewer ports. Another scenario in which beamforming of SRS can be beneficial is in interference limited scenarios where UL channel estimation performance may be limited by interference. 
[bookmark: _Toc470172307][bookmark: _Toc470172415][bookmark: _Toc470172474][bookmark: _Toc470172520][bookmark: _Toc470172631][bookmark: _Toc470172669][bookmark: _Toc471309121][bookmark: _Toc471386461][bookmark: _Toc471392595][bookmark: _Toc471394367][bookmark: _Toc471395019][bookmark: _Toc471395578][bookmark: _Toc471760516][bookmark: _Toc473890933][bookmark: _Toc473890979][bookmark: _Toc473900435][bookmark: _Toc474165249][bookmark: _Toc474179592]Study precoding techniques for SRS.
[bookmark: _Toc470172308][bookmark: _Toc470172416][bookmark: _Toc470172475]Several different types of SRS precoding in the UE can be envisioned. One type is analog beamforming when the UE has only one or a few TX branches. The beamforming is then controlled by analog phase shifters and possibly also per-antenna gain control. Another type is digital precoding in which case a TX branch is connected to each antenna element. Hybrid architectures which consist of several analog beamformers each connected to its own TX branch is also a viable alternative. Yet another type of precoding is antenna selection which could be suitable when a UE has a single TX branch and several directional antennas that cover different angular regions. The precoding weights can be determined by blindly testing different candidate weights, e.g. beam sweeping, by selecting from a predefiend codebook based on CSI feedback, or by utilizing reciprocity. If the precoding weights are determined based on reciprocity, some kind of RX/TX calibration in the UE may be needed. 
When the TRP acquires CSI from pre-coded SRS it can in some cases be important that the UE does not change the SRS precoding weights between successive SRS transmissions. For example, the TRP may filter CSI estimates over several SRS transmissions or estimate CSI for different frequency subbands between successive SRS transmissions. Another example is if the TRP evaluates different candidate sets of analog TRP beamforming weights between successive SRS transmissions. To facilitate a quick beam sweep in such a case, sounding in consecutive symbols could be supported. Therefore, NR should be able to configure the UE to keep the SRS precoding weights fixed between successive SRS transmissions. The UE can be configured to be allowed to change SRS precoding weights aperiodically, periodically or in a time-limited periodic manner.   
[bookmark: _Toc470172309][bookmark: _Toc470172417][bookmark: _Toc470172476][bookmark: _Toc470172521][bookmark: _Toc470172632][bookmark: _Toc470172670][bookmark: _Toc471309122][bookmark: _Toc471386462][bookmark: _Toc471392596][bookmark: _Toc471394368][bookmark: _Toc471395020][bookmark: _Toc471395579][bookmark: _Toc471760517][bookmark: _Toc473890934][bookmark: _Toc473890980][bookmark: _Toc473900436][bookmark: _Toc474165250][bookmark: _Toc474179593]When a UE precodes its SRS transmission, the network should be able to configure the UE to keep the SRS precoding weights fixed between successive SRS transmissions.
Note that these successive SRS transmissions may be in consecutive symbols.
[bookmark: _Toc470166946][bookmark: _Toc470166980][bookmark: _Toc470167979][bookmark: _Toc470166947][bookmark: _Toc470166981][bookmark: _Toc470167980][bookmark: _Toc470166948][bookmark: _Toc470166982][bookmark: _Toc470167981][bookmark: _Toc470166949][bookmark: _Toc470166983][bookmark: _Toc470167982][bookmark: _Toc470166950][bookmark: _Toc470166984][bookmark: _Toc470167983][bookmark: _Toc470166951][bookmark: _Toc470166985][bookmark: _Toc470167984][bookmark: _Toc470166952][bookmark: _Toc470166986][bookmark: _Toc470167985][bookmark: _Toc470166953][bookmark: _Toc470166987][bookmark: _Toc470167986][bookmark: _Toc470166954][bookmark: _Toc470166988][bookmark: _Toc470167987][bookmark: _Toc470166955][bookmark: _Toc470166989][bookmark: _Toc470167988][bookmark: _Toc470166956][bookmark: _Toc470166990][bookmark: _Toc470167989][bookmark: _Toc470166957][bookmark: _Toc470166991][bookmark: _Toc470167990][bookmark: _Toc470166958][bookmark: _Toc470166992][bookmark: _Toc470167991][bookmark: _Toc470166959][bookmark: _Toc470166993][bookmark: _Toc470167992][bookmark: _Toc470166960][bookmark: _Toc470166994][bookmark: _Toc470167993][bookmark: _Toc470166966][bookmark: _Toc470167000][bookmark: _Toc470167999][bookmark: _Toc470166967][bookmark: _Toc470167001][bookmark: _Toc470168000][bookmark: _Toc470166968][bookmark: _Toc470167002][bookmark: _Toc470168001][bookmark: _Toc470166969][bookmark: _Toc470167003][bookmark: _Toc470168002][bookmark: _Toc470166970][bookmark: _Toc470167004][bookmark: _Toc470168003][bookmark: _Toc470166971][bookmark: _Toc470167005][bookmark: _Toc470168004][bookmark: _Toc470166972][bookmark: _Toc470167006][bookmark: _Toc470168005][bookmark: _Toc470166973][bookmark: _Toc470167007][bookmark: _Toc470168006][bookmark: _Toc470166974][bookmark: _Toc470167008][bookmark: _Toc470168007][bookmark: _Toc470167009]Conclusions
In this contribution we made the following observations:
Observation 1	A modular SRS design, with flexible resource allocation is needed, to meet the diverse use cases for the SRS. Flexibility is needed both in terms of frequency allocation, as well as time allocation.
Observation 2	The SRS design need to support many orthogonal sequences to accommodate many simultaneously sounding UEs and/or UE antenna ports. Orthogonalization could be done in time, frequency and code.
Observation 3	With a well-defined SRS resource, SRS scheduling can be done that cater for the foreseen diverse needs.
Observation 4	In some scenarios, allowing for non-orthogonal SRS transmission within the same cell could be beneficial.  
Observation 5	The SRS resource unit must be defined in such a way that it allows for flexible sounding of multiple UEs with overlapping allocations.
Observation 6	The way the orthogonal resources are designed will have an implication on the design of the base sequence.
Observation 7	It is beneficial if UEs with two RX antennas or more have at least two TX antennas to capture the uncorrelated domain in the reciprocity measurement

 
Based on the discussion in this contribution we propose the following:
Proposal 1	For SRS port orthogonalization and to enable SRS interference management, NR should support IFDMA with a RPF=4, together with 8 cyclic shifts
Proposal 2	The SRS sequence should be resource specific, i.e., the SRS sequence should be a function of the sounding bandwidth position, to simplify preserving orthogonality for overlapping SRS allocations.
Proposal 3	The SRS sequence should be created using concatenated block Zadoff-Chu sequences.
Proposal 4	An SRS resource unit should be confined within one OFDM symbol, and cover 48 subcarriers, i.e., 4 PRBs.
Proposal 5	Study the need for smaller allocations, such as 2 PRBs.
Proposal 6	Consider Zadoff-Chu sequences in the design of SRS signals for both CP-OFDM and DFTS-OFDM.
Proposal 7	NR should support SRS sounding of the total system bandwidth through frequency hopping, performed over consecutive OFDM symbols.
Proposal 8	NR should support scheduling of multiple consecutive OFDM symbols carrying SRS, potentially filling up an entire slot.
Proposal 9	NR should support wideband SRS sounding, by sweeping the bandwidth with narrow band SRS allocations in consecutive OFDM symbols.
Proposal 10	Support simultaneous (same OFDM symbol or slot) sounding of multiple antenna ports, for UEs with multiple transmit antennas and TXRUs. 
Proposal 11	Design SRS such that allows for configuration coordination between TRPs to reduce SRS interference.
Proposal 12	The SRS should be transmitted in one, or more, dedicated OFDM symbols, such that data symbols are never FDM with SRS symbols for a given UE.
Proposal 13	Study the impact of PA ramping when power boosting SRS, and consider other solutions, such as SRS repetition, for increasing coverage.
Proposal 14	Study precoding techniques for SRS.
Proposal 15	When a UE precodes its SRS transmission, the network should be able to configure the UE to keep the SRS precoding weights fixed between successive SRS transmissions.
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