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[bookmark: _Toc490126343]Introduction
In previous meetings, the following agreements were made: Agreements 1:
· ZC based sequences shall be used for NR SRS sequence design
Agreements 2:
· Support switching between partial bands for SRS transmissions in a CC
· At least when an UE is not capable of simultaneous transmission in partial bands in a CC 
· Consider RF retuning requirement for partial band switching
· Note: definition of partial band is equivalent to “bandwidth part” definition in wider bandwidth operation agenda item
Agreements 3:
· NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where
· N = 1, 2, 4 at least
Agreements 4:
· When UE beam correspondence is not hold, 
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI
Agreements 5:
· When UE beam correspondence holds,
· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS
· The indication can be based on CSI-RS resource, 
· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI
Agreements 6:
· For the purposes of DL/UL CSI acquisition and beam management
· A UE can be configured with K >= 1 SRS resources where
· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource
· FFS whether or not support N adjacent sub-time-units
· FFS whether or not to additionally support non-adjacent symbols/sub-time-units
· FFS whether to not to additionally N>4
· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units
· FFS whether or not/how to support antenna switching using SRS
· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where
· Periodic: The resource is configured with a slot-level periodicity and slot-offset
· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset
· Multiple SRS resources can be activated/deactivated with a single message
· FFS: Activation/deactivation details
· Aperiodic: The resource is configured without a slot-level periodicity and slot offset
· Multiple SRS resources can be triggered with a single message
· Note: For periodic/semi-persistent, different resources may have different periodicities and/or slot offsets
· FFS the location(s) of SRS symbol(s) within a slot
· FFS: Configuration details including grouping of SRS resources to allow low signaling overhead for indicating allocated SRS resources
Agreements 7:
· Support SRS sequence ID to generate SRS sequences where SRS sequence ID is UE specifically configured using RRC
· FFS: UE specific ID (example: C-RNTI) which can be overwritten by RRC signaling
· FFS: for combination of RRC and DCI
· Root(s) of Zadoff-Chu based sequence(s) of an SRS sequence is at least a function of SRS sequence ID
· FFS on details of the function, 
· Examples: 
· The function is parameterized only by SRS sequence ID
· The function is parameterized by SRS sequence ID, length of SRS sequence, SRS sequence scheduled time
· The function is a random number generator, intended for sequence hopping, with a SRS sequence ID as a random seed
· The function is parameterized by SRS sequence ID, scheduled time and frequency location of the SRS sequence
· FFS: sub-time-units for SRS (if supported), SRS sequence generation details, e.g., block wise sequence generation and concatenation (one/multiple roots), long sequence based designs (one root), etc.



Agreement 8:
· 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
Agreement 9:
· 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
Agreements 10:
· For NR SRS, support sounding bandwidth in multiple of 4 PRBs
· FFS the detailed set of SRS sounding bandwidths to be supported
· At least 4 PRBs as SRS sounding bandwidth is supported
Agreements 11:
· Support antenna switching for SRS transmission within a carrier:
· FFS: Support at least [2Tx, 4Tx] switching
Agreements 12:
· From a UE perspective, NR supports one or both of the following options on a given carrier:
· Option 1 : Support only one of the following options for avoiding collisions between NR-SRS and short PUCCH
· Option 1-1 : symbol level TDM
· Option 1-2 : FDM
· Option 1-3 : both symbol level TDM and FDM
· FFS : details
· Note : other options are not precluded
· Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision
· FFS whether to have one prioritization rule, or configurable prioritization 
Agreements 13:
· NR supports at least the following SRS sequences 
· LTE SRS sequences
· Study further whether or not to additionally support the following for NR SRS sequence design:
· Opt-1: Truncated ZC design
· Set of [60] long ZC sequences designed for each of [5] different reference carrier bandwidths where the sequence length exceeds the carrier bandwidth before truncation 
· The portion of the truncated sequence corresponds to the SRS PRB location assigned to the UE 
· Ports on the same comb are separated by cyclic shifts which are repeated every n SRS REs, e.g. n=[8,12] 
· Opt-2: block-wise concatenation based ZC sequence generation.
· The number of blocks (e.g. 1, 2, …) and/or  block length (e.g. 4RBs, 8RBs, …) per each block is informed to UE 
· Alt1. the number of blocks and/or block length are configured by network. If 1 block is configured, SRS sequence for NR is the same as LTE SRS sequence
· Alt2. Implicit signaling  e.g. the number of blocks and block length are dependent on waveform. When DFT-S-OFDM is configured to UE, the number of block is one and the block length is equal to SRS BW; When CP-OFDM is configured, the number of blocks can be larger than 1. 
· Opt-3: Same LTE SRS sequence generation mechanism with additional roots 
· To conclude during the next meeting
· Evaluations to consider at least CM/PAPR and sequence cross-correlation for the case of fully and partially overlapping SRS allocations
· Evaluations to further consider CM/PAPR for carrier bandwidths different than the reference ones
Agreements 14:
· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE
· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.

In this contribution, we will primarily address Agreement #13 above where in the previous meeting it was agreed that we should support LTE SRS sequences. The LTE SRS design is very good from a point of view of cubic metric and cross-correlation if you accept the limitation to 30 different sequences and loss of scheduling flexibility. 
[bookmark: _Ref178064866][bookmark: _Toc490126344]Discussion
It has already been agreed that the sequence design for SRS should target low Cubic Metric and Peak to average power ratio. These are very important in scenarios when there is a coverage problem and users are power limited. In the agreements, it has been concluded that NR should support LTE SRS design, which is very good for coverage type scenarios. Typical for such scenarios is a more 2D sparse type of deployment where the need for many different sequences are limited and the 30 sequences should be sufficient. For lengths above and including 61 there is no problem to add additional roots (Opt 3 in Agreement #13 above).
For dense capacity interference limited scenarios e.g. city scenarios with a 3D like deployment there is less need for low cubic metric and more need for good correlation properties and more SRS sequences. Clearly, we should still aim for low cubic metric as better power budget is always good even if the SRS performance is interference limited.
[bookmark: _Toc490126346]Resource specific SRS sequence design 
We will in this section discuss and exemplify two families of SRS sequences; the non-resource specific family, and the resource specific family that was previously described and discussed in [1].
[image: ]
Figure 1: Sequence generation for SRS on a 100 PRB carrier with Comb 4
The difference between the two types is how the complex sequence value r(…) shown in Figure 1 is mapped to the nth resource element of the SRS resource.
Resource Specific Design
[bookmark: _Ref478040911][bookmark: _Toc478043329][bookmark: _Toc478045051][bookmark: _Toc481572672][bookmark: _Toc481584874][bookmark: _Toc481589674][bookmark: _Toc481589761][bookmark: _Toc481671053][bookmark: _Toc481671602][bookmark: _Toc481743788][bookmark: _Toc481753025][bookmark: _Toc485131679][bookmark: _Toc485131932][bookmark: _Toc485195757][bookmark: _Toc485282417][bookmark: _Toc485288253][bookmark: _Toc485289400][bookmark: _Toc485304369][bookmark: _Toc485382827][bookmark: _Toc485384652][bookmark: _Toc485384783][bookmark: _Toc485388267][bookmark: _Toc489886291][bookmark: _Toc489961170][bookmark: _Toc489961336][bookmark: _Toc489962147][bookmark: _Toc489965732][bookmark: _Toc489971626][bookmark: _Toc490059197][bookmark: _Toc490059328][bookmark: _Toc490059624][bookmark: _Toc490060611]For the case of a resource specific design, which we interpret to be Alt 2 in Agreement #9 above, the base sequence values mapped to the SRS resource are a function of the PRB position of the SRS resource in the frequency domain. Further, we interpret Alt 2 to also mean that two SRS resources that overlap partially, share the same base sequence values in the overlap region. Thus, with Alt 2, and with appropriate scheduling of SRS resources, it is possible to maintain mutual orthogonality between multiple SRS resources of different bandwidths and different PRB positions, even if some resources overlap only partially as shown in the right hand side of Figure 2.
[image: ]
Figure 2: SRS scheduling options. With the flexible assignment (right), a resource specific design (Alt 2 with the extension in 0) ensures mutual orthogonality of the SRS resources assigned to all users.
One way fulfilling what is agreed in Agreement #8 above is to first define a long sequence for the complete carrier bandwidth and configure the UE to extract a segment of the sequence that intersects the SRS PRBs allocated to the UE. Observe that there is then a need to define, e.g., [60] such sequences (like for LTE) so that a suitable reuse distribution can be created in the network.
Second, the SRS resource is divided into a number of blocks, where a block is defined as N contiguous sequence values, e.g., N = 12 as in Figure 1. The sequence values within each block are multiplied by a cyclic phase rotation sequence.
Finally, the SRS scheduling should be restricted such that bandwidth of each SRS resource is an integer number of blocks, and that that scheduled SRS resources always overlap by an integer number of blocks. Furthermore, different users on the same comb should be assigned different cyclic shifts. Port orthogonalization within a SRS resource may be achieved in a similar fashion. With such a design, mutual SRS orthogonality is ensured amongst all users. Such scheduling is illustrated in the right hand side of Figure 2.
Non-Resource Specific Design
For the case of a non-resource specific design which we interpret to an LTE-like design, although other options are possible, the base sequence values mapped to the SRS resource are a function of the bandwidth of the SRS resource and not the PRB position. The implication of this is that two resources of the same bandwidth that partially overlap can have different sequence values in the overlap region unless some additional design is added compared to LTE. This means that for a LTE like design, even if cyclic shifts are applied in a block-wise fashion within the overlap regions, orthogonalization may not be achieved due to the different base sequence values. In light of the Agreement #8 above for partially overlapping resources the non-resource specific would need additional functionality to ensure that overlapping resources have the same base sequence values. This leads to additional complexity in terms of signalling to maintain orthogonality in overlapping resources. Otherwise, the only way to ensure mutual orthogonality amongst all users is to impose more severe scheduling restrictions than one would need with Alt2, e.g., by allowing only full overlap or no overlap amongst SRS resources. Such inflexible scheduling is illustrated in the left hand side of Figure 2.
In Section 2.5, we quantify the benefits that come from scheduling flexibility for the resource specific design. 
[bookmark: _Toc490126347]Truncated ZC design (Opt-1)
In this section we recall shortly the two options for truncated Zadoff-Chu design covering a range of different carrier bandwidths. One is to optimize both length and q-values for each carrier bandwidth and one is picking a fixed Zadoff-Chu and a fixed set of q-values.
The truncated design is based upon covering the total bandwidth with a ZC longer than the total bandwidth and optimizing the q-values to achieve low cubic-metric. Hence allowing optimization for all cases is the best possible and only using a single sequence is the worst possible (in terms of cubic-metric).
[bookmark: _Toc490126348]Sequence adaptation to carrier bandwidth
In [2] it was observed that different long Zadoff-Chu sequences could be needed for different carrier bandwidths. This implies that the example in [2] could be extended by considering not only the Zadoff-Chu generator value NZC = 887 and the listed values for q, but other values for different carrier bandwidths. An important question is how granular this adaptation needs to be and if the adaptation to other carrier bandwidths will result in significantly different cubic metric and PAPR results. To evaluate this, we have investigated a set of different candidate carrier configurations that has been discussed in RAN4 way-forward for spectrum utilization. For simplicity, we consider here only the Comb 4 case.
	#PRB
	SRS Length
	NZC [60]
	NZC [30]
	CM [60]
	CM [30]

	11
	33
	127
	127
	1.55
	1.30

	16
	48
	181
	191
	1.60
	1.46

	25
	75
	281
	281
	1.56
	1.46

	33
	99
	353
	353
	1.56
	1.49

	52
	156
	521
	577
	1.56
	1.51

	67
	201
	727
	727
	1.55
	1.51

	106
	318
	1033
	1033
	1.56
	1.52

	136
	408
	1451
	1487
	1.55
	1.52

	216
	648
	2287
	2153
	1.54
	1.52

	273
	819
	2861
	2707
	1.54
	1.52


[bookmark: _Ref490207616]Table 1: Cubic metric for an example set of NR carrier bandwidths
In Error! Reference source not found. we see that independent upon if you optimize the cubic metric for 30 or 60 different SRS sequences the average cubic metric can be kept within small variations. The optimization criterion is to achieve the lowest average cubic metric over all possible allocation sizes. First take the mean cubic metric CMi for all allocations of size i, hence for #PRB=16 we thus have i=1,2,3,4 and CM1 is the mean over the 4x60 size 1 allocations, CM2 the mean over the 3x60 size 2 allocations etc. This then gives us the overall cubic metric mean by taking the mean over CMi, e.g. for #PRB=16 we get ¼ (CM1+CM2+CM3+CM4).
Observe also that even for the case of 60 sequences, roughly the same Cubic Metric as in , is obtained, which is roughly 0.5 dB worse than the LTE-like design. 
[bookmark: _Toc490059172][bookmark: _Toc490126399]The truncated ZC design (Opt-1) has only moderate Cubic metric loss (compared to the LTE design) while giving multiplexing gains, scheduling flexibility, better future compatibility and gives a simple UE SRS configuration
Obviously, it would be even better to simplify the number of supported sequences without affecting performance significantly. The benefit would be that a different sequence would not be necessary for each new carrier bandwidth. 
To investigate the largest Cubic Metric loss we can expect from a smaller set of sequences we will, here consider an example covering the same set of possible carrier bandwidths as in . To illustrate the expected maximum loss we use a single “arbitrary” NZC = 2647 and a fixed set of 60 sequences (i.e. q-values), see Table 1, we get an additional 0.15 dB cubic metric loss using a single family for all carrier bandwidths. In Appendix 5.2.2 evaluations of cross correlation shows that having a single sequence family does not have any significant impact on the cross-correlation properties and is very similar to LTE like with additional roots (Opt 3). Observe that the reason this large NZC value does not achieve super small Cubic Metric is that we here don’t optimize the set of values of q used per sequence length. If this was done a much smaller cubic metric would be possible.
[image: ]
Figure 3: Cubic metric impact of single Nzc = 2647 and a fixed set of 60 q-values compared to reference in Table 1Error! Reference source not found.
Due to that NR supports LTE SRS design we can simplify by using this single SRS and get good performance by switching to LTE SRS when power budget is of large performance importance. This simplifies greatly the implementation of Opt 1 in that no redesign is needed when the supported carrier’s bandwidths are agreed in 3GPP, unless a carrier bandwidth significantly wider than 800 PRBs is agreed.
[bookmark: _Toc490059201][bookmark: _Toc490059332][bookmark: _Toc490059627][bookmark: _Toc490060614][bookmark: _Toc490060834][bookmark: _Toc490061860][bookmark: _Toc490062413][bookmark: _Toc490062499][bookmark: _Toc490126349][bookmark: _Toc490126371][bookmark: _Toc490127262][bookmark: _Toc490139248][bookmark: _Toc490207730][bookmark: _Toc490210967]For the truncated ZC design (Opt-1), NR supports a single SRS sequence set and this set is used for all the carrier bandwidths
[bookmark: _Toc490059628][bookmark: _Toc490060615][bookmark: _Toc490060835][bookmark: _Toc490061861][bookmark: _Toc490062414][bookmark: _Toc490062500][bookmark: _Toc490126350][bookmark: _Toc490126372][bookmark: _Toc490127263][bookmark: _Toc490139249][bookmark: _Toc490207731][bookmark: _Toc490210968]For the truncated ZC design (Opt-1), NR support 60 different SRS sequences for each carrier bandwidth 
Hence the proposed resource specific SRS design becomes for sub-carrier n:
		 
		
, where k is the comb
where the root sequence indices are chosen as 60 that gives a low CM averaged over all possible allocation sizes. The function q(i,j) is the assignment of a root sequence index q to each Comb for each of the 60 resource-specific-sequences, for example using some pseudo random derivation or similar.
[bookmark: _Toc490126351]Block concatenated design (Opt-2)
In this section, we give another example of a resource specific design. Namely we consider a block concatenated design as in Opt-2 of Agreement #13.
Like before, we can consider a total of N SRS blocks for a specific carrier bandwidth with 4 combs and a 4 PRB block size. Due to the use of a 4 comb, the sequence length per block is 12. We choose this block size to match the scheduling granularity of 4 PRBs as in Agreement #10. Furthermore, it ensures orthogonality for 4 cyclic shifts between partially overlapping SRS allocations as long as the overlap region is an integer number of blocks.
In the block-concatenated design, we generate 60 different base sequences for the length 12 blocks by truncating length-61 ZC sequences down to length-12. For a given SRS configuration, the same length-12 base sequence is used in all blocks. To reduce the cubic metric, a linear cyclic shift is applied to the blocks over the entire carrier bandwidth. The linear shift is optimized for each carrier bandwidth and each of the 60 different base sequences. 
[bookmark: _Toc490126352]Comparison of LTE with additional roots (Opt 3), Truncated ZC (Opt 1), and Block Concatenated Design (Opt 2)
We summarize in this section the results of this extensive comparison of performance between the Opt-1 (Truncated ZC) and Opt-2 (Block concatenated) designs using the LTE design (Opt 3) as the baseline
The additional roots for Opt 3 and for longer length base-sequences shouldn’t change the performance results significantly for block sizes 6 or larger compared to the standard LTE design. For block sizes 1,2,..,5 only 30 sequences are used.
The simulation scenario we consider is that each UE uniform random chooses an SRS allocation between 1 and the maximum number of SRS blocks. For each block size we then evaluate the cubic-metric and the cross-correlation properties. We further assume that different cells schedule independent of each other i.e. for inter-cell interference we get partial overlap between users.
For cross-correlation we simplify the evaluation by assuming also that the position in the carrier bandwidth is uniform random for the user we evaluate. This is clearly not true due to that a user with a large allocation size will force users with a small allocation size to pick a SRS resource at the edge of the carrier. We will in this section exemplify with a bandwidth case relevant for high capacity MU-MIMO; the 26 SRS block case; giving maximum SRS length of 312 corresponding to a #PRB=106 Carrier with a 318 maximum Comb 4. More results are available in appendix but for high frequency deployments LTE like design is probably preferable.
[image: ][image: ]
Figure 4: Comparison 106 PRB carrier, LTE-like (Opt 3), Long-ZC Multiple sequences optimized for each bandwidth, Long-ZC Single sequence for all bandwidths (Opt 1) and block-concatenated design (Opt 2). 
As discussed given that we support LTE like SRS (without extra roots), for interference limited high capacity scenarios the cross-correlation properties are of higher importance. This is due to that the cross-correlation determine a limit on the interference leakage we get into the channel estimate on SRS from a neighbour cell or between different spatially separated users in the same cell. In the results we can see that all the resource specific designs have a very small advantage in mean compared to the LTE like design. For the block-concatenated design we see some small problems for the 95th percentile cross-correlation but nothing significant.
Hence the factor that differentiate the choice between Opt 1 and Opt 2 is the cubic metric which is significantly better for Opt 1.
[bookmark: _Toc490126353][bookmark: _Toc490126373][bookmark: _Toc490127264][bookmark: _Toc490139250][bookmark: _Toc490207732][bookmark: _Toc490210969]NR supports Opt 1 (Truncated ZC design)
[bookmark: _Ref490058943][bookmark: _Toc490126354]Multiplexing gains from partially overlapping SRS
In this section, we illustrate a benefit that comes from being able to schedule users with partially overlapping SRS resources using a resource specific design. For MBB services using reciprocity based DL MU-MIMO the base station needs to schedule SRS on the same frequency resources on which it intends to transmit DL data. Hence it is necessary to enable scheduling of SRS dynamically in a frequency specific way. Channel decorrelation also means that this SRS scheduling should occur as close as possible in time prior to the DL data transmission. In high Doppler this thus implies that we want SRS in slot n to enable DL beam-forming in slot n+1.
In a real network there are a number of reasons why different users want different bandwidth allocations. But from a system perspective it is more efficient in terms of control channel overhead and UE operating efficiency to transmit as much bandwidth as possible to each UE in each slot that a user is scheduled. We here only consider the lower overhead on control channels e.g. DCI on PDCCH, HARQ on PUCCH etc in this evaluation.
If we then consider a MBB scenario, a user almost always has sufficient buffered DL data to fill a DL slot. One fundamental property is the link budget for each UE. On SRS on each comb one wants equal received power density due to the code sharing using cyclic shifts in order to avoid a near-far problem. To increase multiplexing gains one also wants as large groups as possible to share the same set of resources. We will in this example consider the 5G SCM Macro scenario and due to the large diversity in path-gain divide the users into two groups. This is due to that some users cannot achieve a satisfactory SNR on SRS to use advanced beam-forming techniques. An arbitrary 3 dB SNR receive power target on SRS was used to defined the two groups, which for the studied scenario means roughly 30% in the low SNR SRS group that cannot achieve 3 dB SNR and 70% in high SNR SRS group meeting the 3 dB target, see Figure 5. Observe that this scenario is used for exemplary purposes. Other scenarios could lead to different UE groupings. 
[image: ]
[bookmark: _Ref485286836]Figure 5: Example on path-gain impact on the maximum supported SRS band-width
The division could for example represent the needed SNR for advanced interference avoidance DL beam-forming strategy. While users with a lower SNR can use simple wide-band beamforming and be scheduled on separated SRS resources with a different SNR target. The results do not seem to be very sensitive to adjustment in this value or in the scenario set-up we therefor think the results will represent a realistic approximation of the multiplexing gains from partially overlapping SRS. 
From this distribution, we can thus see what is the loss from the pairing procedure that is needed for an LTE like SRS design. The pairing procedure tries to pair users with more or less the same maximum SRS bandwidth to minimize the restriction in sounding bandwidth for one of the users that occur from the pairing. Observe that this implies a much more complex scheduling for the LTE type SRS, compared to a resource specific design which allows more flexible scheduling. The scheduler is simulated over 200 scheduling opportunities (~slots) and continuously tries to schedule all users (64 UEs) in such a way that all users are assigned the same total amount of SRS resources during the duration of the simulation. In other words, all users are given an equal share of the bandwidth (resource fair scheduler). Consequently, users with a smaller per-slot SRS allocation need to be scheduled more frequently than users with a larger per-slot SRS allocation. The SRS is assumed to be a Comb 4 with 4 cyclic shifts per Comb and each UE is assigned 2 cyclic shifts. This implies that we can schedule 100 PRBs * 4 Combs * 4 CSs / 2 CSs per UE = 800 PRBs per slot using a single OFDM symbol SRS. In the right plot in Figure 6 we see that both the resource specific and LTE-like SRS designs are more or less exactly equally fair and should results in comparable DL MU-MIMO throughput.
[image: ]
[bookmark: _Ref485287035]Figure 6: Scheduling out-come resource specific and LTE like SRS
We also see that the resource specific needs to schedule much fewer UEs per slot to achieve the same system throughput assuming that we support this level of MU-MIMO multiplexing on PDSCH. That is, partial overlapping SRS lowers PDCCH and PUCCH load by roughly 30%. For the LTE-like SRS, this is due to that if we, for example, pair a UE than can sound 20 PRB with a UE that can sound 28 PRB the second UEs is limited to 20 PRB sounding, thus the second UE needs to sound 40% more often for the same amount of sounding bandwidth. In the reciprocity case the amount of sounding bandwidth is proportional to the amount of DL data bandwidth. In the result, we also see quite ideal fairness. Users that can sound only 4 PRB/TTI cannot achieve better than 4 PRB/TTI/UE average sounding. The best possible (most fair) would be 800/64 = 12.5 PRB/TTI/UE if everyone could sound at least 12.5 PRBs i.e. 16 PRBs or more.
In summary, one benefit that comes from the increased scheduling flexibility of a resource specific SRS design is that the control channel load may be reduced for a fixed level of system performance. Taking into account finite control channel capacity, this means that a larger system throughput may be achieved for a fixed control channel capacity when using a resource specific SRS design. In reality a larger scheduling flexibility can increase system performance for other reasons also, e.g. frequency selective scheduling and lower latency in the scheduling due to that we can avoid reconfiguration of other users to a larger extent when we avoid the user pairing procedure.
[bookmark: _Toc490126355]Coexistence SRS and PUCCH
The design for SRS had been quite heavily focus on maintaining low cubic metric, inter-cell cross correlation and inter-cell measurements. To maintain low cubic-metric the SRS needs to be separated in time from PUCCH for each user.
[bookmark: _Toc490127265][bookmark: _Toc490139251][bookmark: _Toc490207733][bookmark: _Toc490210970]NR support only Option 1-1, i.e. TDM between short PUCCH and SRS from the point of view of one UE
For the cross-correlation optimizations and inter-node measurements to function without additional inter-node coordination and signalling the position of SRS should be fixed.
[bookmark: _Toc490127266][bookmark: _Toc490139252][bookmark: _Toc490207734][bookmark: _Toc490210971]NR SRS does not move dynamically due to short PUCCH
This could imply that in some cases the PUCCH transmissions can overlap the SRS. To avoid creating interference from SRS users to PUCCH the SRS transmissions needs to be blanked. For the case of interference between two different users two additional important consideration is maintaining orthogonality between the different SRS users and how to signal the SRS users when short PUCCH for other users is used with low overhead.
For the short PUCCH one option is to blank the corresponding SRS OFDM symbols that is Option 1-1 in Agreement #12. In this case we then need the SRS orthogonality to not rely on time domain OCC.
[bookmark: _Toc489961175][bookmark: _Toc489961341][bookmark: _Toc489962152][bookmark: _Toc489965737][bookmark: _Toc489971631][bookmark: _Toc490059202][bookmark: _Toc490059333][bookmark: _Toc490059629][bookmark: _Toc490060616][bookmark: _Toc490060836][bookmark: _Toc490061862][bookmark: _Toc490062415][bookmark: _Toc490062501][bookmark: _Toc490126356][bookmark: _Toc490126374][bookmark: _Toc490127267][bookmark: _Toc490139253][bookmark: _Toc490207735][bookmark: _Toc490210972]NR does not support time domain OCC to allow blanking SRS OFDM symbols occupied by PUCCH
We can observe that using frequency hopping instead of time domain OCC also allows faster CSI acquisition due to that channel estimation can be started after the first OFDM symbol SRS rather than waiting for all the SRS OFDM symbols to resolve the OCC.
[bookmark: _Toc490059173][bookmark: _Toc490126400]Using frequency hopping instead of OCC can improve latency on CSI acquisition on SRS
[bookmark: _Toc489961176][bookmark: _Toc489961342][bookmark: _Toc489962153][bookmark: _Toc489965738][bookmark: _Toc489971632][bookmark: _Toc490059203][bookmark: _Toc490059334][bookmark: _Toc490059630][bookmark: _Toc490060617][bookmark: _Toc490060837][bookmark: _Toc490061863][bookmark: _Toc490062416][bookmark: _Toc490062502][bookmark: _Toc490126357][bookmark: _Toc490126375][bookmark: _Toc490127268][bookmark: _Toc490139254][bookmark: _Toc490207736][bookmark: _Toc490210973]NR blank SRS OFDM symbols (e.g. Option 2 per OFDM symbol) on resources occupied by PUCCH to maintain Option 1-1 in case of collision
Blanking could be considered also on a per SRS block basis i.e. FDM (Option 1-2), in that case the minimum blanking resource would be determined by the frequency domain OCC, i.e. the number of supported cyclic shifts. For example, using 4 cyclic shifts we could blank on a 4 PRB SRS block basis for a 4 Comb while maintaining orthogonality between users. The complexity and need for this type of blanking depend on the details of the PUCCH design and would need further study.
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Figure 7: SRS blanked on resource occupied by PUCCH in case of collision
[bookmark: _Toc490126358]Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	For the truncated ZC design (Opt-1), NR supports a single SRS sequence set and this set is used for all the carrier bandwidths
Proposal 2	For the truncated ZC design (Opt-1), NR support 60 different SRS sequences for each carrier bandwidth
Proposal 3	NR supports Opt 1 (Truncated ZC design)
[bookmark: _GoBack]Proposal 4	NR support only Option 1-1, i.e. TDM between short PUCCH and SRS from the point of view of one UE
Proposal 5	NR SRS does not move dynamically due to short PUCCH
Proposal 6	NR does not support time domain OCC to allow blanking SRS OFDM symbols occupied by PUCCH
Proposal 7	NR blank SRS OFDM symbols (e.g. Option 2 per OFDM symbol) on resources occupied by PUCCH to maintain Option 1-1 in case of collision
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[bookmark: _Toc490126360]Appendix
In the appendix, we show more performance results for the two cases of the optimized resource specific design with different Zadoff-Chu for each carrier bandwidth and the proposed single Zadoff-Chu design for all carrier bandwidths. As a baseline we again use the LTE like design where more roots are used for larger SRS allocations. Observe that for very short sequences creating 60 sequences costs quite a lot in terms of cubic-metric but it is unlikely that the resource specific design is used for these scenarios when the LTE design can easily be used when low cubic metric is needed. The LTE like SRS design only support 30 sequences for 1,2,…,5 PRB blocks due to that the first sufficiently long Zadoff-Chu is for 6 blocks corresponding to length 72 giving 70 sequences out of which the first 60 are used.
[bookmark: _Toc490126361]Different length Zadoff-Chu optimized for each carrier bandwidth
[bookmark: _Toc490126362]Cubic Metric comparison LTE like design
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Figure 8: Cubic-metric comparison mean and 95th percentile, 2 and 4 SRS blocks
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Figure 9: Cubic-metric comparison mean and 95th percentile, 6 and 8 SRS blocks
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Figure 10: Cubic-metric comparison mean and 95th percentile, 13 and 16 SRS blocks
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Figure 11: Cubic-metric comparison mean and 95th percentile, 26 and 34 SRS blocks
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Figure 12: Cubic-metric comparison mean and 95th percentile, 54 and 68 SRS blocks
[bookmark: _Toc490126363]Cross-correlation comparison LTE like design
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Figure 13: Correlation comparison mean and 95th percentile, 2 and 4 SRS blocks
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Figure 14: Correlation comparison mean and 95th percentile, 6 and 8 SRS blocks
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Figure 15: Correlation comparison mean and 95th percentile, 13 and 16 SRS blocks
[image: ]
Figure 16: Correlation comparison mean and 95th percentile, 26 and 34 SRS blocks
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Figure 17: Correlation comparison mean and 95th percentile, 54 and 68 SRS blocks
[bookmark: _Toc490126364]Single long Zadoff-Chu same for all carrier bandwidths
[bookmark: _Toc490126365]Cubic Metric comparison LTE like design
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Figure 18: Cubic-metric comparison mean and 95th percentile, 2 and 4 SRS blocks
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Figure 19: Cubic-metric comparison mean and 95th percentile, 6 and 8 SRS blocks
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Figure 20: Cubic-metric comparison mean and 95th percentile, 13 and 16 SRS blocks
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Figure 21: Cubic-metric comparison mean and 95th percentile, 26 and 34 SRS blocks
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Figure 22: Cubic-metric comparison mean and 95th percentile, 54 and 68 SRS blocks
[bookmark: _Ref490120177][bookmark: _Toc490126366]Cross-correlation comparison LTE like design
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Figure 23: Correlation comparison mean and 95th percentile, 2 and 4 SRS blocks
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Figure 24: Correlation comparison mean and 95th percentile, 6 and 8 SRS blocks
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Figure 25: Correlation comparison mean and 95th percentile, 13 and 16 SRS blocks
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Figure 26: Correlation comparison mean and 95th percentile, 26 and 34 SRS blocks
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Figure 27: Correlation comparison mean and 95th percentile, 54 and 68 SRS blocks
[bookmark: _Toc490126367]Block concatenated Zadoff-Chu optimized for each carrier bandwidth
Observe that due to the poor Cubic Metric of the block concatenated case with length 12 blocks we have here expanded the y-axis.
[bookmark: _Toc490126368]Cubic Metric comparison LTE like design
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Figure 28: Cubic-metric comparison mean and 95th percentile, 2 and 4 SRS blocks
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Figure 29: Cubic-metric comparison mean and 95th percentile, 6 and 8 SRS blocks
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Figure 30: Cubic-metric comparison mean and 95th percentile, 13 and 16 SRS blocks
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Figure 31: Cubic-metric comparison mean and 95th percentile, 26 and 34 SRS blocks
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Figure 32: Cubic-metric comparison mean and 95th percentile, 54 and 68 SRS blocks
[bookmark: _Toc490126369]Cross-correlation comparison LTE like design
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Figure 33: Correlation comparison mean and 95th percentile, 2 and 4 SRS blocks
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Figure 34: Correlation comparison mean and 95th percentile, 6 and 8 SRS blocks
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Figure 35: Correlation comparison mean and 95th percentile, 13 and 16 SRS blocks
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Figure 36: Correlation comparison mean and 95th percentile, 26 and 34 SRS blocks
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Figure 37: Correlation comparison mean and 95th percentile, 54 and 68 SRS blocks
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