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In RAN1#88 [1], the following agreements were made for SRS design:
	Agreements:
· 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.

· NR considers SRS transmissions with sequences achieving low-PAPR and possible multiplexing of SRS with different SRS bandwidths in the same symbol 
· FFS details
· NR supports frequency hopping within a partial-band for a UE
· At least hopping with a granularity of subband
· FFS other cases
· FFS SRS hopping among partial-bands



In this contribution we provide our views on above listed further studies with the consideration of using SRS for CSI acquisition and beam management. 
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SRS mapping design
SRS mapping 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 SRS 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 1: Symbol locations for SRS transmission are configurable in NR where a subset of or all UL symbols in one slot can be configured to transmit SRS. 
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. Moreover, for aperiodic SRS, DCI for triggering SRS transmission is required. In NR, SRS transmission symbol configuration is needed, and SRS trigger/termination indicator are also necessary for aperiodic/semi-persistent transmission. Furthermore, there are some further discussion on configuration of reserved SRS symbol with the consideration of resource utilization and signaling overhead.
1. Cell-specific configuration of reserved SRS symbols. This scheme is similar to LTE, where no PUSCH is transmitted within reserved SRS symbol. However, as discussed above, the number of SRS symbols can be more than one. Therefore, for the cell-specific SRS symbol configuration, in addition to the configuration period and transmission offset as in LTE, the number of SRS symbols in one slot should also be configured. Moreover, similar to LTE, the number of UL symbols in each kind of slot may be different, e.g., slot may contain all uplink, at least one downlink part and at least one uplink part. Hence, the cell-specific SRS symbol for each kind of slot can be different.
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.
2. UE-specific configuration of reserved SRS symbols. This design is similar to scheme 1, except for that the reserved SRS symbols are configured by UE-specific signaling, e.g., RRC. By this scheme, the SIB overhead can be reduced, which may be sensitive in high frequency band where SIB needs to be send on multiple/all beams. Moreover, for each UE, the reserved SRS symbols can be different to support possible FDM/CDM/SDM between SRS and PUSCH for better resource utilization, and thus the SRS/PUSCH flexibility is better than scheme 1.
3. No configuration of reserved SRS symbol. In this scheme, no reserved SRS symbol is configured. Therefore, the symbols of PUSCH should be indicated, e.g., by DCI, and co-existence of SRS and PUSCH in the same symbol can be supported. This scheme may help improve resource utilization/flexibility. As shown in Figure 1, the unused bandwidth of SRS symbol, e.g., due to symbol level’s SRS frequency hopping, may be enough for PUSCH transmission from the same UE or another UE. Therefore, for high resource utilization efficiency, it is beneficial to allow co-existence of enhanced SRS and PUSCH in the same bandwidth. However, the PUSCH mapping complexity and UL DCI overhead is increased. 
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Figure 1. Co-existence of SRS and PUSCH in the same resource pool
Based on the above discussion, the following observation can be obtained.
Observation 1: Configuration of reserved SRS symbols, which is not allowed to map PUSCH, may help guarantee low DCI overhead. However, better resource utilization and mapping flexibility can be obtained if co-existence of SRS and PUSCH in the same symbol is supported, and configuration of reserved SRS symbol is not needed for this case.
For the sake of better resource utilization and mapping flexibility, we have the following proposal.
Proposal 2: Support co-existence of SRS and PUSCH in the same symbol, which can be transmitted from the same UE or different UEs. 
Additionally, in RAN1 NR Ad Hoc Meeting, it was agreed to study that the SRS configuration can be exchanged between different TRPs for interference mitigation. Except for this coordination approach, there is still another possible solution, i.e., the NR-cell could configure the blanking SRS resource (e.g., zero power SRS resource, ZP-SRS resource) aperiodically to the UE to measure the interference on this SRS resource, and UE should not transmit periodic/semi-persistent SRS on the blanking SRS resource.
SRS mapping in frequency domain
In LTE, 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 2.3.
· 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 3: 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.
Discussion on beamformed/precoded SRS 
It was agreed in the last meeting (RAN 1#88) [1] that both of two alternatives are supported for SRS Tx beamformer determination:
· 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. The detailed discussion can be found in [2].
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 4: 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 5: For alt 2, support gNB to send UE resource index(s), e.g., SRS or PRACH resource 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 6: 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 7: 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 Sequence Design
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. We propose to use ZC sequences also in generating NR SRS. 
Proposal 8: ZC sequences shall be used for NR SRS sequence design.
Some considerations for SRS sequence design 
Two major SRS requirements in NR that LTE SRS does not meet are as follows:
1) NR SRS capacity may need to be far more than that of LTE SRS as the number of UEs in a NR Cell may be far larger than that of a typical LTE Cell. 
2) NR SRS needs to support flexible allocation assignment. In particular, unlike LTE, allocation of partially overlapping SRSs on the same TF resources in a NR Cell should be possible. 
Observation 3: Two major requirements that NR SRS sequence design needs to address are: 
· Req1)  Higher user capacity per cell compared to LTE; and
· Req2)  More flexible SRS allocation in NR Cell. 
To design a SRS sequence that meets the above two major requirements, the following metrics should be taken into account: 
1) Constant amplitude in frequency domain; 
2) PAPR/CM property;
3) Cross-correlation property; 
4) Sequence capacity; 
5) Sounding band scheduling flexibility.
ZC sequences used to generate LTE SRS have the following properties:
P1: For each SRS length, the following number of ZC roots is available over the whole network
· 30 roots for sequence lengths of less than 6 RBs.
· Either 30 or 60 roots for sequence lengths larger than 6 RBs.
P2: For each SRS length, only one ZC-root is used to generate SRS sequence in each LTE Cell. This root is determined by LTE Cell ID and may depend on the slot number (may be time varying). 
P3: Assigned SRSs in a LTE Cell are orthogonal. Inter-SRS orthogonality is preserved in time/frequency (TF) domain by assigning sequences in different time/frequencies resources (including different transmission combs) or in code domain by using different cyclic shifts of the same base sequence.
Ideally, the orthogonality property P3 of LTE SRS should be preserved among NR SRSs in a NR Cell. However, due to the fact that NR SRS may be required to support many more UEs (or UE ports) per cell, preserving inter-SRS orthogonality among all SRS sequences in a NR Cell may entail an unacceptable amount of TF resource overhead. Therefore, non-orthogonal but low cross-correlated SRS sequences may need to be assigned in the same TF resources in a NR Cell. This also implies that, unlike in LTE, there is no need to use only one root for each SRS sequence length in each NR Cell at a given time slot. To provide more SRS sequences per NR Cell, if necessary, more than one base ZC sequence per SRS length can be assigned to each NR Cell at a given time slot. 
Network configures and assigns NR SRSs. In particular, network determines which roots are allowed to co-exist in the same NR Cell based on, e.g., mutual cross correlation of the cyclically shifted versions of their associated base sequences. When configuring and assigning NR Cell UEs’ SRSs, network should not only consider each UE’s specific needs, but also should take into account avoiding/reducing inter-SRS interference. Note that, the possible concurrent use of multiple ZC roots and multiple lengths NR SRS result in the co-existence of non-orthogonal SRS sequences on the same TF resources and, hence, the presence of inter-SRS interference within NR Cell.  Assigning non-orthogonal NR SRS sequences need to be avoided in a NR Cell unless they are necessary. If non-orthogonal NR SRSs are used, interference management schemes should be used to mitigate inter-SRS interference effect. This will be discussed in more details later in this contribution.    
Proposal 9: Support to configure SRS sequence root UE-specifically. 
In particular, roots are not determined using LTE Cell ID. For a given NR SRS sequence length at a given time slot, network can configure non-orthogonal SRS sequences that may be generated from different ZC roots and use them in the same NR Cell. These used roots may vary with time.  
To provide more SRS sequences over the whole network, if necessary, the number of available ZC roots for each SRS sequence length can exceed 30 (or 60) that is used in LTE.
Proposal 10: Support at least 60 ZC roots for each NR SRS sequence lengths.
As Req2 in Observation 3 states, another challenge in NR SRS design is to meet a more flexible SRS allocation requirement and, in particular, allocation of partially overlapping SRSs on the same TF resources in a NR Cell. Note in P3 that code domain orthogonality between two SRS sequences cannot be preserved if their SRS resources are only partially overlapped. Aiming to address this issue, Alt-2 based design approach is proposed in which SRS sequences are determined by resource position as well as allocation bandwidth. Some examples of this approach are block-wise sequences [3], Golay sequences [4] and computer searched truncated ZC in Section 2.3.2.1. An Alt-2 based design in general enables flexible sounding band scheduling by multiplexing (block) orthogonal SRS sequences at the cost of some degradation in PAPR/CM or cross-correlation properties. Alternatively, one may continue using an Alt1 based design approach that has been successfully used in LTE. In an Alt1 based design, scheduling flexibility can be achieved at the cost of multiplexing of possibly non-orthogonal SRS sequences. This may introduce some intra-cell interference. 
Proposal 11: To achieve NR SRS scheduling flexibility, assigning orthogonal and/or low-correlated NR SRS sequences with possibly multiple lengths in overlapping time-frequency resources should be supported in a NR cell.
Figure 2 shows an example of such SRS sequences assignment on partially-overlapped time-frequency resources. 
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Figure 2. SRS sequences assignment on partially-overlapped time-frequency resources.
Note that, as briefly discussed below and in shown in our evaluation results, with proper planning at the network side and the use of interference management schemes, inter-SRS interference effect can be mitigated. For intra-NR Cell inter-SRS mitigation, these techniques can be divided into the following two approaches which may be used together.   
1) NR SRS planning: As SRSs in the same TF resources are assigned by network through one or multiple cooperating gNbs, UE SRSs within NR Cell can be planned so that, for instance, the total inter-SRS interference on each NR SRS meets certain requirement, e.g., stays below a threshold. An alternative simple NR SRS planning approach is to assign all orthogonal ZC-sequences to UEs that would inflict more interference to one another while, if necessary, to assign low correlated ZC-sequences to UEs with little or no mutual interference, e.g., UEs that do not have a  common measurement TRPs in the NR Cell. 
2) Interference mitigation techniques: Interfering SRS sequences within NR Cell and other relevant information such as long-term channel power profiles of the transmitting UEs are known at the network side. This information can be used to mitigate inter-SRS interference effect when estimating UL channels. 
Note also that, unlike in LTE, neighboring NR Cells may semi-statistically or dynamically share information about their assigned NR SRSs. In turns, following techniques can be used to avoid or mitigate inter-SRS interference effect at cell edges of neighboring NR Cells.
A. Dynamic interference management techniques: Neighboring NR Cells can report to each other the used sequences, allocated TF resources, and even transmission powers of the NR SRSs assigned to the Cell-edge UEs. This information can be used in the channel estimation algorithm at each NR Cell to mitigate the SRS interference from the neighboring cells. Moreover, the shared information can be used to make sure that two cell-edge UEs with high mutual interference in neighboring NR Cells do not transmit their SRSs in the same TF resources.
B. Semi-static interference management techniques: If the shared information between neighboring NR Cells is semi-static and limited, this information may be used for longer term planning of assigned SRSs to cell-edge UEs. For instance, if only the used ZC roots are shared between neighboring NR Cells, each NR Cell can assign ZC sequences to its cell-edge UEs using the roots that generate less interference on the cell-edge UEs of the neighboring cells. 
Observation 4: SRS planning and interference mitigation techniques can be used to manage possible inter-SRS interference within NR Cell and between neighboring NR Cells. 
Simulation Results of NW-based SRS Interference Mitigation  
In this section, MSE performance of channel estimation error is evaluated for both LTE SRS and NR SRS schemes. We model system-level scenarios with multiple SRS transmissions in a 57-sector network with ISD of 200m. Two SRS symbols are simulated in each sector, where one OFDM symbol contains UE SRS bandwidth of 48 RBs and the other one contains that of 24 RBs. The ratio of the average number of UEs with 24 RB SRS to the average number of UEs with 48 RB SRS is 2:1. Each UE is assigned to one of the two OFDM symbols according to its SRS bandwidth configuration. The order of the two SRS resource symbols is independent in each sector so there is partially overlapping SRS interference effect among sectors. Our main focus in these simulations is to study the effect of SRS information sharing among sectors. Therefore, SRS sequence assignment and planning in both LTE and NR schemes follow that of the LTE approach. We expect that the additional effect of optimizing the NR SRS planning and assignment improves the performance of NR SRS schemes over LTE SRS schemes even further.  
In LTE SRS schemes, UE SRS sequences of each sector are known at the channel estimator of that sector. In NR SRS schemes, all UE SRS sequences in the entire network are known at the channel estimators. This simulates the case that all TRPs (sectors) form one NR Cell or, alternatively, multiple NR Cells that share information about their assigned NR SRSs.
In each scheme, we simulate both cases that the UEs’ channel power profiles are known and unknown in the channel estimation algorithm. When the case of UEs with unknown channel power profiles is simulated, uniform channel power profile is assumed for all UEs in both LTE and NR schemes.  In turns, when the case of UEs with known channel power profiles is simulated, the channel estimator of each sector in LTE knows only the channel power profiles of the UEs inside the same sector while this information is shared among TRPs (sectors) in the NR scheme. Other major evaluation parameters are listed in Table A1 in Appendix A.
Figure B1 and Figure B2 in Appendix B show CDF of channel estimation MSE per UE for 48 RB SRS and 24 RB SRS, respectively. Both figures simulate the case where, in average, 16 UEs per sector send SRSs at one of the two assigned SRS resource symbols. Both LTE and NR schemes with and without channel power profile knowledge are evaluated. Substantial MSE reduction can be observed in NR cases in all simulated scenarios. 
Figure B3 and Figure B4 in Appendix B show mean MSE of channel estimation over all UEs for different number of UEs per sector without and with the knowledge of channel power profiles, respectively. Substantial reduction in mean MSE of channel estimation in NR case indicates that the NR scheme substantially increases SRS user capacity in the presence of partially overlapping SRSs. It can be observed from Figure B4 that the mean MSE in NR with 16 UE/sector is almost the same as the mean MSE in LTE with 8 UE/sector; implying two times increase in the SRS capacity. The increase in SRS capacity is far larger when channel power profiles are available at the network side; as shown in Figure B4 in Appendix B.
Observation 5: Interference management schemes substantially increases SRS user capacity in the presence of partially overlapping SRSs.
Truncation based ZC Sequence 
Another method to generate a SRS symbol is truncation based ZC sequence generation. A truncated ZC sequence from a mother sequence is defined for the maximum system transmission bandwidth, and the UE will take a segment from this full-band sequence corresponding to its resource allocation position as illustrated in Figure 3. For system deployment, a group of such truncated ZC sequences with same length and different roots will be available. 
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Figure 3. Resource location specific sequences.
For single UE SRS sequence generation, an example in 10MHz system occupying 600 subcarriers  will be presented. The full-band sequence is decided by a ZC sequence whose prime length is  (Sequence length for maximum sounding bandwidth 48RB with comb 2) and root is . Namely, the first 288 samples truncated from this ZC sequence correspond to one comb in the maximum sounding band  as following.
.
When a UE is allocated with 4RB sounding band , its SRS sequence will be a subsequence  of truncated ZC sequence  as following.
.
We find that there are some particular long ZC sequences whose segments could generate RS symbols with low PAPR/CM, and a group of such ZC sequences with same length will have good cross-correlation property as well. Since there is only a finite amount of sounding bandwidth cases, computer search can aid to find those special ZC sequences. 
Sequences search procedure
At first, a property of ZC sequences as RS sequences in frequency domain is introduced, referring to the theoretical analysis in Appendix C.
Property 1: For a ZC sequence of length , a RS symbol is generated by obtaining a consecutive subsequence of length  from arbitrary positions, mapping the subsequence into frequency domain and then transforming into time domain. All such RS symbols have the same PAPR/CM property.
Assume that a system supports M cases of SRS sequence lengths . A ZC sequence is qualified to be the SRS full-band sequence if RS symbols generated with its segments of length  taken from arbitrary positions have PAPR/CM value below the threshold. To see if this sequence is qualified or not, by property 1, the search space is reduced and only  cases should be tested. Therefore, the search procedure is as following.
1) Set raw cubic metric (RCM) [5] threshold  to 5.3 (the maximum RCM value of LTE ZC) and set the desired sequence capacity to . 
2) Begin the procedure with a ZC prime length , meaning that there are  sequence candidates with roots . 
For one sequence candidate  with root , define M sequences . They are segments taken from  corresponding to system supported SRS sequence lengths ,

The sequence candidate  is considered to be qualified if all RCM values of  are below/equal to RCM threshold .
Then, after testing all candidates, denote the qualified sequence number for ZC prime length  as .
3) If , repeat step 2 with a ZC prime length larger than the previous one until the qualified sequence number is equal to/larger than . Denote the final ZC prime length as , the qualified sequence number as , and the corresponding ZC roots as .
Thus, by the computer search procedure above, we will eventually obtain a group of mother ZC sequences satisfying 1) RCM requirement for whose segments with system supported SRS sequence lengths and 2) capacity requirement.
Generally, it is easy to find a few tens or hundreds such qualified ZC sequences for some prime lengths. And these ZC sequences can be further down-selected and optimized for properties of cross-correlation among sequences for specific number of ZC groups, e.g. 30 or 60 sequences for each resource allocation size in LTE.   
Preliminary evaluation of truncation based ZC Sequence
The PAPR/CM and cross-correlation property will be studied for the truncated ZC group in comparison with the 30 group LTE ZC (the 30 sequences when group hopping mode is on). For fair comparison, we also use a 30 group of computer searched truncated ZC sequences (Appendix D) in evaluation.
The evaluations are based on sounding bandwidth cases in 10MHz LTE system, 4, 8, 16, 20, 24, 32, 36, 40, 48RB. Both comb 2 and comb 4 mapping can be used for every sounding band.
1) PAPR/CM
In the simulation, regarding LTE ZC, sequences for all supported sounding bands (comb 2 and comb 4) are evaluated. Regarding computer searched truncated ZC, the sub-sequences corresponding to sounding bands and all allocation positions for all supported sounding bands (comb 2 and comb 4) are evaluated.
With evaluation results in Appendix C, we can find that PAPR/CM values of computer searched truncated ZC sequences are below the maximum PAPR/CM value of LTE ZC sequences which is able to be tolerated by the systems. And some link level evaluations with real PA model show that the difference in distribution will cause negligible performance degradation at most 0.2dB. [6]  
2) Cross-correlation
We evaluate 4 interference situations respectively: comb 2 to comb 2, comb 4 to comb 4, comb 2 (aggressor) to comb 4 (victim) and comb 4 (aggressor) to comb 2 (victim). 
In each situation, we evaluate the cross-correlation of two sequences distributed for same sounding bandwidths completely overlapped, and the cross-correlation of two sequences distributed for different sounding bandwidths when the short sequence is fully overlapped with the long sequence at different positions. All the sequence pairs in the sequence group are tested. 
In terms of computer searched truncated ZC evaluation, besides the same consideration as for LTE ZC, since they are resource location specific, different allocation positions (like in Figure 3) are also considered in evaluation.
With evaluation results in Appendix E, from Figure E3 we can find that the cross-correlation property of computer searched truncated ZC sequences is better than LTE ZC in distribution on average. Specially, from Figure E4, we can find that the gain is more obvious for 4RB SRS bandwidth often allocated for cell-edge users who will endure more severe interference.  
3) Sequence capacity
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4) Scheduling flexibility
For the introduced truncation based ZC, as SRS sequences are determined by resource positions, cyclic shift is enabled to provide orthogonal multiplexing within one comb for UEs with partially overlapping resource allocations, which could lead to more flexible scheduling and inter-cell interference management.
Proposal 12: Consider both LTE-like sequence and truncation-based ZC sequence for NR SRS.
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. 
According to the discussion above and in [2], 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 13: Support gNB to send one SRS setting to configure one or more SRS resource set(s) to UE, and each resource set contains one or more SRS resource(s).

Conclusions
Based the discussions above, we have the following observations and proposals:
Observation 1: Configuration of reserved SRS symbols, which is not allowed to map PUSCH, may help guarantee low DCI overhead. However, better resource utilization and mapping flexibility can be obtained if co-existence of SRS and PUSCH in the same symbol is supported, and configuration of reserved SRS symbol is not needed for this case.
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).
Observation 3: Two major requirements that NR SRS sequence design needs to address are: 
· Req1)  Higher user capacity per cell compared to LTE; and
· Req2)  More flexible SRS allocation in NR Cell. 
Observation 4: SRS planning and interference mitigation techniques can be used to manage possible inter-SRS interference within NR Cell and between neighboring NR Cells.
Observation 5: Interference management schemes substantially increases SRS user capacity in the presence of partially overlapping SRSs.

Proposal 1: Symbol locations for SRS transmission are configurable in NR where a subset of or all UL symbols in one slot can be configured to transmit SRS. 
Proposal 2: Support co-existence of SRS and PUSCH in the same symbol, which can be transmitted from the same UE or different UEs. 
Proposal 3: For SRS transmission, support frequency hopping among partial-bands if UE is configured with more than one partial-band.
Proposal 4: 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 5: For alt 2, support gNB to send UE resource index(s), e.g., SRS or PRACH resource index(s), which indicates UE to transmit SRS by the Tx beam(s) used for signal transmission on the indicated resource(s). 
Proposal 6: 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 7: 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 8: ZC sequences shall be used for NR SRS sequence design.
Proposal 9: Support to configure SRS sequence root UE-specifically. 
Proposal 10: Support at least 60 ZC roots for each NR SRS sequence lengths.
Proposal 11: To achieve NR SRS scheduling flexibility, assigning orthogonal and/or low-correlated NR SRS sequences with possibly multiple lengths in overlapping time-frequency resources should be supported in a NR cell.
Proposal 12: Consider both LTE-like sequence and truncation-based ZC sequence for NR SRS.
Proposal 13: Support gNB to send one SRS setting to configure one or more SRS resource set(s) to UE, and each resource set contains one or more SRS resource(s).
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Appendix A
Table A1. Simulations parameters
	Attributes
	Value

	Carrier Frequency
	2.6GHz

	Bandwidth/FFT size
	10Mhz/1024

	Number of sectors
	57

	Macro ISD
	200m

	Max Power of UE
	23dBm

	Height of Macro/UE
	25m/ 1.5m

	Large-Scale Fading, Shadowing, Antenna Pattern, etc
	Follow 36.873

	Channel Type/Model
	Jakes/UMA

	UE Speed
	3km/h

	MIMO
	1x1

	SRS total RB number
	48

	SRS bandwidth candidates
	48RB/24RB

	Open-loop PC nominal power / compensation factor
	-68dB / 0.7

	Max number of cyclic shift per SRS band
	8

	Comb size

	2


Appendix B
[image: cid:image003.png@01D29CCF.04B8F800]
[bookmark: _Ref477278122]Figure B1. CDF of channel estimation MSE per UE for 48 RB SRS

[image: cid:image004.png@01D29CCF.04B8F800]
[bookmark: _Ref477278127]Figure B2. CDF of channel estimation per UE for 24 RB SRS
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[bookmark: _Ref477280742]Figure B3. Mean MSE of channel estimation over all UEs for different number of UEs per sector without the knowledge of channel power profile
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[bookmark: _Ref477280746]Figure B4. Mean MSE of channel estimation over all UEs for different number of UEs per sector with the knowledge of channel power profile
Appendix C Theoretical analysis for property 1
A ZC sequence Z is defined as

where N is the length and q is the root.
The first M (M<N) length subsequence of Z is  namely
.
The second M length subsequence of Z is  namely 
.
Then we have

In this derivation of , the first term is constant phase and the second term is linear phase. Therefore,  is the cyclic shift version of , and they will have the same PAPR/CM property.
Appendix D Computer searched truncated ZC sequences (30 group)
The ZC length is 21157 and the root q is from the following table.
Table D1. Relation between sequence No. and sequence root
	Sequence No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	q
	1149
	1215
	1827
	1962
	2276
	2931
	3201
	3406
	5596
	6267

	Sequence No.
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	q
	7736
	7768
	8767
	8970
	9983
	11161
	11941
	12378
	12464
	13408

	Sequence No.
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	q
	14731
	14910
	17370
	17934
	17961
	18230
	19117
	19284
	19812
	19954


Appendix E Evaluation results for sequences in Appendix D.
E1. PAPR/CM evaluation
Evaluation results are based on method 3 in [5].
[image: ]    [image: ]
Figure E1. CM and PAPR evaluation for comb 2.
[image: ]    [image: ]
Figure E2. CM and PAPR evaluation for comb 4.
E2. Cross-correlation evaluation
Evaluation results are based on method 1 in [5]. Note that in figure 1 and figure 2 the evaluation results for truncated ZC in situations (1) Comb4(V)  Comb4(A); (2) Comb2(V)  Comb4(A); (3) Comb4(V)  Comb2(A) are almost completely overlapped.
[image: ]
Figure E3. Cross-correlation evaluation for all SRS bandwidths.
[image: ]
Figure E4. Cross-correlation evaluation for 4RB SRS bandwidth.
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