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1 Introduction
 In RAN1 NR #90bis meeting, following agreements are made regarding SRS design and related operations.
	Agreement:
NR supports a single SRS bandwidth table consist of multiple value of C_SRS and 4 values of B_SRS.

Agreement:
The frequency domain starting position of a SRS allocation (analogous to K0_P in LTE) is UE specifically configurable such that it is aligned on a common grid with 4 PRB granularity defined on a wideband CC from network perspective

· Note: This can enable alignment of SRS resources of different UEs with partially overlapped BWPs multiplexed on the same comb

Agreement:
NR support for a maximum of 12 CS for comb 4 and a maximum at least 8 CS for comb 2. 



· FFS: configuration of fewer than the maximum number defined cyclic shifts

Agreement:
NR supports intra-slot and inter-slot frequency hopping within a BWP.

· FFS: if the same hopping formula as in LTE can be used

· FFS: aperiodic/semi-persistent/periodic SRS for each hopping type (intra-/inter-slot)

· FFS: number of OFDM symbols per SRS resource for each hopping type (intra-/inter-slot)

· FFS: Whether independent ON/OFF configurations for intra-slot and inter-slot frequency hopping for one SRS resource

Agreement:
NR supports gNB to configure SRS resource in time domain only by UE-specific parameters, e.g., by {SRS-SlotConfig, SRS-ResourceMapping}

Agreement:
NR supports 17 unique rows in LTE for SRS BW <=96 PRBs.

In addition to 17 unique rows in LTE, additional rows for <=96 PRBs is not prohibited.

Agreement
For group and sequence hopping, both group hopping and sequence hopping are supported as in LTE

Agreement:
· In the case of collision of SRS and short PUCCH carrying only CSI report/beam failure recover request, support the prioritization rules in the table below:

· The channel listed in the entries below are prioritized

Aperiodic SRS
Semi-persistent SRS
periodic SRS
sPUCCH with aperiodic CSI report only

No rule**

sPUCCH

sPUCCH

sPUCCH with semi persistent CSI report only

SRS

sPUCCH

sPUCCH

sPUCCH with periodic CSI report only

SRS

sPUCCH

sPUCCH

sPUCCH with beam failure recover request*

sPUCCH

sPUCCH

sPUCCH

· In case SRS is dropped, dropping can be partial in time domain, i.e., only those OFDM symbols that collide with short PUCCH

*If short PUCCH is supported for beam failure recovery request and collision between short PUCCH with beam failure recovery request and aperiodic/semi persistent/periodic SRS occurs, prioritize short PUCCH

** UE can assume that this collision will not occur

Agreement:
· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 

· Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured

· TA (through PRACH) on TAG without PUSCH/PUCCH configured

· Power control separated from that of PUSCH

· Group common DCI for aperiodic SRS triggering and TPC

· DL/UL interruptions and collision handling due to SRS switching

Agreement:
· An X-port SRS resource spans N = 1, 2, or 4 adjacent OFDM symbols within the same slot where all X ports are mapped to each symbol of the resource

· When frequency hopping only is configured, the X ports are mapped to potentially different sets of subcarriers in each OFDM symbol of the resource, depending on the hopping pattern

· For N = 4, frequency hopping + repetition can be configured where the the X ports are mapped to a different set of subcarriers in the second pair OFDM symbol(s) of the resource

· Note: Symbol pairs are adjacent

· Note: same comb is assumed for different sets of subcarriers

· Note: hopping pattern is within the tree structure defined by a given C_SRS, B_SRS, and b_hop

· Note: When repetition only is configured, the mapping is covered by previous agreement in RAN1#90:

· “Each of the X ports are mapped to the same set of subcarriers in the same set of PRBs in the N SRS symbols.”

· NCP SRS resource definition is reused for ECP

· FFS: SRS transmission repetition within a slot can be at different power levels to account for relative phase discontinuities from multiple UE Tx chains

Agreement
· LTE SRS configuration tables are starting point for NR SRS configuration table design.

· At least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity are supported for 15KHz SCS

· FFS on additional periodicities for other numerologies

FFS: supported slot offset for each supported numerology




In this contribution, we further discuss some remaining issues on SRS in NR. 
2 Remaining discussion on SRS hopping
In previous agreement, NR SRS resource can be transmitted as multiple consecutive symbols 
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 located in last six symbols within a slot. NR SRS bandwidth can be only configured with UE specific parameters such as C_srs, B_srs and b_hop with a complete SRS bandwidth table and symbol-wise repetition of a SRS resource within a slot also supported. If we apply the repetition parameter 
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, counting the number of UE-specific SRS transmissions, denoted by 
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as LTE, can be as follows
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, where 
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 is the configured number of SRS symbols within a slot, 
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 is the re-numbered index(es) based on the configured SRS symbol index(es) within a slot, 
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 is UE-specific slot periodicity of SRS transmission, 
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 is slot index, 
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 is frame index, 
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 is number of slot in a frame. Note various SRS hopping patterns by network controls are possible via intra-slot hopping ON/OFF, repetition symbols ON/OFF, and both. For instance, if network configures that number of SRS symbols is 4 and repetition parameter 
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 is 2, it means that repetition of two SRS symbols with intra-slot hopping is ON. Or, if network configures that number of SRS symbols is 4 and repetition parameter 
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 is 4, only repetition is ON within the slot.
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(a) Repetition on and intra-slot hopping on (
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(b) Repetition on and intra-slot hopping off (
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Figure 1. Illustration on configuration by repetition symbol parameter for intra-slot on/off and repetition symbols on/off (
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Besides, inter-cell interference randomization in NR SRS is necessary similar to LTE SRS. LTE offers inter-cell interference randomization by enabling one of group hopping and sequence hopping configuration. With respective to SRS functionality for group hopping and sequence hopping, we can consider two options as follows, where Alt.2 is preferred in consideration of the alignment with the above supported hopping patterns controlled by the set of parameters.

· Alt.1: Only slot index based function like LTE

· Alt.2: Function of SRS symbol index, repetition symbol parameter, and/or slot index, e.g., for group hopping pattern:
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For sequence hopping, we can consider similar hopping pattern as above in terms of SRS symbol index, repetition symbol parameter, and/or slot index.
Also, resource-specific SRS sequence ID for initiation of scrambling seed can be used per SRS resource or per SRS resource set in order to apply different sequences between different SRS resources or resource sets.
Proposal #1: It is preferable to reuse sequence hopping mechanism of LTE (i.e. mechanism for grouping hopping ON and sequence hopping OFF, mechanism for group hopping OFF and sequence hopping ON).
Proposal #2: NR supports SRS functionality for group hopping and sequence hopping (similar to LTE) where the function is at least in terms of SRS symbol index, repetition symbol parameter, and/or slot index, to be aligned with the agreed hopping patterns with the parameters.
3 Conclusion

Based the discussions above, we have the following proposals:
Proposal #1: It is preferable to reuse sequence hopping mechanism of LTE (i.e. mechanism for grouping hopping ON and sequence hopping OFF, mechanism for group hopping OFF and sequence hopping ON).
Proposal #2: NR supports SRS functionality for group hopping and sequence hopping (similar to LTE) where the function is at least in terms of SRS symbol index, repetition symbol parameter, and/or slot index, to be aligned with the agreed hopping patterns with the parameters.
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