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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In NR it was agreed that:
	Agreement in RAN1#89:
· ZC based sequences shall be used for NR SRS sequence design
Agreement in RAN1#89:
· 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 in RAN1#88b:
· 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 in RAN1#AdHoc:
· 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 provide our views on SRS sequence design. 
[bookmark: _Ref129681832]SRS sequence design 
LTE  SRS sequence design principles
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: 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.
P3: For each SRS length, only one ZC-root is used to generate SRS sequence in each LTE Cell. This root is uniquely determined by an ID  and may also depend on the slot number  (may be time varying). 
·  is equal to LTE Cell ID for SRS. 
P3 is based on a set of equations in Section 5.5.1 of [1] that together determine the ZC root of SRS sequence. P3 and this set of equations can be represented in a mathematical form as 
	
	(1)


where  is LTE Cell ID,  is the length of SRS sequence and  is also a function of  only if values of some Boolean high layer signals are properly set.
NR  SRS sequence design requirements
To facilitate NR requirements, some of the above properties P1-P3 may need to be revisited and modified in NR SRS 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 a more flexible physical resource mapping (PRM). In particular, unlike LTE, allocation of partially overlapping SRSs on the same TF resources in a NR Cell is agreed to be supported [2].
Observation 1: 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 physical resource mapping in NR Cell. 
NR  SRS sequence design
In LTE, SRS sequence design is non resource specific, which means that sequence generation of circularly extended ZC is independent of resource location, therefore only multiplexing of fully overlapping of SRS time-frequency resources for different UEs by cyclic shift is supported. However, it has been agreed in RAN1 #88b the scenario that multiplexing of UEs whose SRS time-frequency resources are partially overlapped should be taken into account as well in NR. 
Therefore, various approaches which are resource specific to tackle the ‘partially overlapping SRS’ problem have been proposed, e.g. block concatenated ZC sequences [3] and truncated ZC sequences [4]. Generally, block concatenated ZC sequences will cause degradation in PAPR/CM and cross-correlation, where the cross-correlation performance is especially unsatisfactory because of the concatenation of short sequences. Moreover, long truncated ZC sequences are introduced which have the same cross-correlation property with LTE ZC, while having only a little (less than 0.5dB) degradation in PAPR/CM. 
As in [4], a mother sequence which is a truncated ZC sequence is defined for the whole band. In both fully/partially overlapping sounding resource scheduling scenarios, the SRS sequence is truncated from the mother sequence depending on the resource location of SRS resource. 


Figure 1. Resource specific, long truncated ZC sequences.
A group of long ZC sequences with same length and different roots satisfying 1) PAPR/CM requirement for whose segments with system supported SRS sequence lengths and 2) sequence capacity can be found by computer search. Based on experience, generally, the cross-correlation property will become worse with more SRS bandwidth cases tested for PAPR/CM, and the truncated ZC group could be obtained optimally for different NR carrier bandwidth. For instance, two truncated ZC groups (four if considering different comb) could be used respectively for NR carrier whose total resource is larger than 110RB and not larger than 110RB. Examples for NR carrier whose total resource is no larger than 110RB are provided in Appendix A, and for forward capability for various sounding bandwidths, each sequence supports all sounding bandwidths which are multiples of 4PRB.
Observation 2: The truncated ZC group may at least adapt to total RE number of a NR carrier in order to achieve good cross-correlation performance in each case.
In NR network, there may be different occasions where fully or partially overlapping SRS scheduling will be needed. When the system is light loaded, fully overlapping SRS scheduling may be sufficient and well-designed LTE ZC with better PAPR/CM performance can be utilized. When the system is heavy loaded, long truncated ZC which is resource specific will be necessary with large scheduling flexibility. Therefore, we have the following proposal.
Proposal 1: NR should support both LTE-like ZC sequences and long truncated ZC sequences for SRS sequence design.
In next sections, we discuss how Eq. (1) and P1-P3 can be modified to achieve Req1 and Req2.
[bookmark: _Ref480903334]Supporting higher user capacity 
P3 and Eq. (1) indicate that the ZC root used to generate equal-length SRS sequences in the same time slot is cell-specific. This may not lend itself to a SRS design that is required to meet Req1 as only a limited number of SRS sequences of the same length can be generated from a single ZC root. This number is upper bounded by the number of allowed cyclic shifts. However, due to the fact that NR SRS may need to support many more UEs (or UE ports) per cell, more than one ZC root may be required to generate SRSs of the same length on the same OFDM symbol. This can be done if the ZC roots of NR SRS sequences are configured UE-specifically. The use of UE specific sequence ID to determine the ZC root has been agreed in RAN1#89, in part, to address this problem. As for LTE-like sequence design, we believe that the dependency of the used ZC root to SRS sequence length should still be preserved as, in part, the number of available ZC roots increases with the length of SRS sequences and we do not find any justification to use only a fixed set of limited number of ZC roots for all different SRS sequence lengths. Moreover, ZC root of SRS sequence can also depend on the SRS scheduled time (OFDM symbol and/or time slot) for randomization purposes. This dependency may be enabled or disabled. Therefore, in its most general form, we have
	
	(2)


where  is ZC root of NR SRS sequence,   is UE-specific sequence ID, and  is the SRS sequence scheduled time.
Proposal 2: ZC root of SRS sequence is at least a function of UE-specific SRS sequence ID, and whether or not depends on the SRS scheduled time is based on gNB configuration.
If UE-specific SRS sequence ID is supported, this ID may also be used to determine other SRS sequence configuration parameters such as sequence length, scheduling time, and cyclic shifts. In such a case,  and  in Eq. (2) may also depend on  and possibly some higher layer signals. 
Proposal 3: Dependency of SRS sequence length, scheduled time, and cyclic shifts on UE-specific SRS sequence ID should be further studied. 
An approach to UE-specifically configure SRS sequence ID is to link its default value with UE-dedicated ID. An advantage of such an approach is to reduce the overhead of sending SRS sequence ID to UE as the UE is aware of its own UE-dedicated ID and can determine its default SRS sequence ID accordingly. This default value may be overwritten by RRC signaling if necessary.
Proposal 4: Default value of UE-specific SRS sequence ID can have association with UE-dedicated ID. This default value may be overwritten by RRC signaling. 
· An example of UE-dedicated ID is C-RNTI. 
Due to the need to support more UE ports and in contrary to LTE, multiple ZC roots may be used in the same cell to generate the same SRS sequence length. As such, it is required to revisit P1 in LTE SRS. Network may require more than 30 (or 60) roots to flexibly assign ZC roots to different groups of UEs over the whole network. Note that larger number of ZC roots is available to generate SRS sequences of larger lengths for sounding larger bandwidths. This larger pool of available ZC roots should be utilized to more flexibly assign ZC sequences to UEs. 
Proposal 5: For LTE-like ZC sequences, support more than 60 ZC roots for each NR SRS sequence lengths larger than X. The value of X is FFS. 
Proposal 6: For long truncated ZC sequences, support more than 60 ZC roots. 
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In this section, we provide some guidelines on how SRS design can be modified to provide more PRM flexibility without resorting to PRM position dependent design approach.   
Modifying LTE PRM and allowed SRS sequence lengths







In LTE, higher layer cell-specific parameter srs-BandwidthConfig,  and UE-specific parameter srs-Bandwidth  determine the allowed SRS sequence bandwidths in a Cell. For each, only four different SRS bandwidths are allowed each of which corresponding to a.  Moreover,  where  is the bandwidth of SRS corresponding to and . Finally, PRM of the allowed four SRS bandwidths follows a specific nested structure in which PRM of   should be fully covered by PRM of . The PRMs at the right hand side of the frequency axis in Figure 1 show the allowed PRMs in LTE for the case of and . In turn, PRMs at the left hand side of Figure 1 give an example of not allowed PRMs in LTE wherein the PRM of 12 PRB SRSs do not follow the nested PRM structure enforced in LTE (two neighboring 12 PRB SRSs are not fully covered by the PRM of a 24 PRB SRS). 
To provide more PRM flexibility compared to LTE, we suggest to consider the following modifications:




The limited allowed SRS bandwidths per cell that are enforced by cell-specific and UE-specific can be relaxed. The number of allowed SRS bandwidths is network configurable. One approach to provide more flexibility in allowed SRS bandwidths per cell is to substitute cell-specificwith a UE-group specific parameter and/or increasing the number of allowed values for .
[image: ]


[bookmark: _Ref480699479]Figure 2: Examples of allowed (right of the frequency axis) and not allowed (left of the frequency axis) SRS resource mapping in LTE for  and 
Proposal 7: Number of allowed SRS sequence bandwidths for each UL bandwidth is network configurable and can be determined using UE(-group) specific parameters.
Proposal 8: SRS physical resource mapping is network configurable and does not need to follow the LTE nested physical resource mapping structure. 
Conclusions
Based the discussions above, we have the following observations and proposals:
Observation 1: 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 physical resource mapping in NR Cell. 
Observation 2: The truncated ZC group may at least adapt to total RE number of a NR carrier in order to achieve good cross-correlation performance in each case.
Proposal 1: NR should support both LTE-like ZC sequences and long truncated ZC sequences for SRS sequence design.
Proposal 2: ZC root of SRS sequence is at least a function of UE-specific SRS sequence ID, and whether or not depends on the SRS scheduled time is based on gNB configuration.
Proposal 3: Dependency of SRS sequence length, scheduled time, and cyclic shifts on UE-specific SRS sequence ID should be further studied. 
Proposal 4: Default value of UE-specific SRS sequence ID can have association with UE-dedicated ID. This default value may be overwritten by RRC signaling. 
· An example of UE-dedicated ID is C-RNTI. 
Proposal 5: For LTE-like ZC sequences, support more than 60 ZC roots for each NR SRS sequence lengths larger than X. The value of X is FFS. 
Proposal 6: For long truncated ZC sequences, support more than 60 ZC roots. 
Proposal 7: Number of allowed SRS sequence bandwidths for each UL bandwidth is network configurable and can be determined using UE(-group) specific parameters.
Proposal 8: SRS physical resource mapping is network configurable and does not need to follow the LTE nested physical resource mapping structure. 
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Appendix A: Examples of Long Truncated ZC Sequences
[bookmark: _GoBack]When NR carrier whose total resource is not larger than 110RB and the comb size of SRS is configured to be 2, the ZC length is 1427 and the ZC root is from {39, 78, 99, 105, 122, 132, 147, 254, 296, 298, 304, 341, 374, 399, 401, 417, 431, 435, 437, 512, 513, 524, 527, 542, 552, 582, 592, 644, 656, 664, 763, 771, 783, 835, 845, 875, 885, 900, 903, 914, 915, 990, 992, 996, 1010, 1026, 1028, 1053, 1086, 1123, 1129, 1131, 1173, 1280, 1295, 1305, 1322, 1328, 1349, 1388}.

When NR carrier whose total resource is not larger than 110RB and the comb size of SRS is configured to be 4, the ZC length is 1279 and the ZC root is from {66, 70, 83, 112, 125, 152, 154, 177, 189, 190, 191, 204, 207, 221, 229, 230, 236, 247, 292, 346, 374, 375, 401, 524, 525, 530, 536, 574, 587, 588, 691, 692, 705, 743, 749, 754, 755, 878, 904, 905, 933, 987, 1032, 1043, 1049, 1050, 1058, 1072, 1075, 1088, 1089, 1090, 1102, 1125, 1127, 1154, 1167, 1196, 1209, 1213}.
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