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1. Introduction

In RAN1#90bis meeting, SRS design was discussed including SRS bandwidth configuration, the number of CS and comb, frequency hopping, antenna switching, repetition, sequence hopping, multiplexing between other signal and periodicity configuration etc. The agreements are summarized below.

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
· 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
Agreement
· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings

· configuring one SRS resource spanning multiple symbols 

· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.

· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way , or (2) via gNB indication.

· NR supports the gNB to configure the UE to apply same Tx power on SRS resources within a SRS resource set for UL beam management.

· After receiving the SRS, NR supports gNB to update the SRS resource within the SRS resource set for beam management by RRC.
In this contribution, we further discuss the remaining issues of SRS to support CSI acquirement and beam measurement for NR considering flexibility, functionality and overhead.
2. Discussion
2.1. SRS resource configuration
The number of CS in LTE is fully reused in NR so that a maximum of 12 CSs for comb=4 and a maximum at least 8 CSs for comb=2 is supported in NR. However, in LTE, comb=2&CS=8 was agreed in Rel-8, and comb=4&CS=12 was agreed in Rel-11 to further improve the SRS multiplexing capacity. It is the result of standardization evolution considering backward compatibility and doesn’t mean that larger number of CSs can be supported by case of comb=4 than the case of comb=2. In fact, based on the same SRS bandwidth and channel delay, the larger comb value used, the smaller sampling window can be used for each CS, and then the less CSs can be supported to ensure similar channel estimation performance. Since backward compatibility is no longer an issue in NR, it is not reasonable to support a smaller number of CSs for a smaller comb. A maximum of 12 CSs should be supported for both comb 2 and 4 also considering the simplification of signaling. If the SRS sequence is not long enough to support multiplexing of 12 CSs within a comb, a smaller value can be scheduled by gNB, which is up to gNB implementation.
Proposal 1: The maximal number of CSs supported by comb 2 and 4 is a single value (N=12).
It was agreed that repetition in multiple symbols can be configured within a SRS resource for UL Rx beam management. It was also agreed that intra-slot hopping is supported and can be used jointly with repetition. For a UE configured with intra-slot hopping for a SRS resource spanning multiple symbols, the number of repetition should be indicated to UE to determine the symbols respectively used for frequency hopping and repetition. Considering UL beam management is achieved via one or more SRS resource set, the same repetition number can be applied to a SRS resource set for Rx beam management. Be aware of the repetition number and the symbol number occupied by a SRS resource, the UE can determine the frequency position of SRS in each symbol.
Proposal 2: Repetition number (N=1, 2, 4) is configured per SRS resource set to support intra-slot repetition.
The SRS periodicity in LTE including {2, 5, 10, 20, 40, 80, 160, 320} slots periodicity are supported for 15kHz SCS in NR. It is FFS on additional periodicities for other numerologies and the corresponding slot offset. For other SCS than 15kHz, the slot duration is smaller, and reusing the same number of slots as SRS period would result in some very small and useless periodicity. For example, for 120kHz SCS, periodicity of 2/5 slots (which is only 0.25/0.625 ms) will hardly be configured since such frequent channel sounding is not needed. Since the channel fading in time domain is mostly decided by the Doppler rather than numerology, in a high frequency scenario where larger SCS is expected to be used, the UE is usually static, and a long periodicity is desirable. For simplification of design, the periodicity in LTE (in absolute time, e.g. ms) can be reused regardless of numerology. Hence, for SCS of N*15kHz, SRS transmission periodicity of N*{2, 5, 10, 20, 40, 80, 160, 320} should be used. Similarly, the slot offset in absolute time can also be the same as that in LTE. That is, for SCS of N*15KHz and transmission periodicity T, slot offset of {0,1,…,T/N-1}*N can be used. That would ensure the same size of configuration information for different numerologies. 
Proposal 3: For SCS of N*15KHz, support SRS transmission periodicity of N*{2, 5, 10, 20, 40, 80, 160, 320} and slot offset of {0,1,…,T/N-1}*N for each transmission periodicity of T.
Antenna switching is supported for SRS via configuration of multiple SRS resources. The multiple SRS resources should be configured with the same transmit power, antenna port number, and transmission bandwidth for antenna selection. In this case, a SRS resource set can be configured for functionality of antenna switching with some common parameters to simplify the design. 

It is FFS whether intra-slot antenna switching is supported for 1T4R case. If it is supported, considering a symbol should be reserved between each two symbols for antenna switching, at least 7 symbols (and possible 9 symbols) within a slot are needed for 1T4R case. Since the time domain resource of each SRS resource for antenna switching can be independently configured by gNB, whether intra-slot antenna switching is supported can be left to gNB implementation. 
Proposal 4: The 2/4 SRS resources for antenna switching is configured as a SRS resource set.
Proposal 5: Whether intra-slot antenna switching is supported for 1T4R case is up to gNB configuration

2.2. On SRS resource set
Multiple SRS resource sets can be configured for a UE for different purposes. For a UL-MIMO capable UE, at least one SRS resource set could be configured for beam management, and at least one another set could be configured for CSI acquisition. For a UE with single Tx chain, it may also be configured with two SRS resource sets, one for beam management, and the other for antenna switching. Since it seems most companies don’t like explicit signaling for the functionality of a SRS resource set, an implicit mechanism for UE to know how to transmit SRS in the SRS resources of a set should be defined. We analyze how to configure the SRS resource sets for different functions and corresponding UE behavior here. 
· SRS resource set for antenna switching. For a UE with 1Tx2Rx, 2Tx4Rx or 1Tx4Rx, a SRS resource set can be configured for antenna switching with single port and single symbol in each SRS resource. In different SRS resources, UE would use different transmit antennae to transmit SRS. If a UE is configured to enable antenna switching, the configured SRS resource set can only be used for antenna switching without any analog beamforming. The SRS resource set can be used to acquire DL CSI via channel reciprocity or to select UL Tx antenna for PUSCH.
· SRS resource set for reciprocity based DL transmission without antenna switching. For a UE with the same Tx number as Rx number, it can transmit SRS without antenna switching to support reciprocity based DL transmission. Similar to LTE, the SRS resource set configured for UL transmission can be reused for this purpose, and no additional SRS resource set is needed to be specifically defined.

· SRS resource set for non-codebook based UL transmission. For UE with channel reciprocity, no SRS resource set for UL Tx beam management is needed as discussed in [1]. If non-codebook based transmission is configured by gNB for the UE, a SRS resource set with multiple single port SRS resources should be configured. UE could acquire the precoder for each of the resources via channel reciprocity. For the SRS resource in the set, gNB can configure a CRI to acquire the DL channel information used for reciprocity. If Rx beam management is needed for this type of UE, multiple symbols with repetition can be configured for each of the SRS resources in the set.
· SRS resource set for codebook based UL transmission. When codebook based transmission is configured for a UE, multiple SRS resource sets can be configured to the UE. One or some of the sets can be used for UL beam management, and the other can be used for UL CSI acquisition. The SRS resource set for UL CSI acquisition is associated with the SRI in UL grant, while the SRS resource set for beam management not. Within the SRS resource set for CSI acquisition, one SRI/CRI can be configured for each of the resources to acquire the Tx beam, where the SRI indicates a SRS resource within the SRS resource set for beam management.
· SRS resource set for single Tx port transmission. For a UE configured with single Tx port transmission, one or more SRS resource sets can be configured for beam management. If analog beamforming is not supported by the UE (e.g. UE with single transmit antenna), only one SRS resource is sufficient.
· SRS resource set for UL Tx/Rx beam sweeping. One or more SRS resource sets can be configured for UL beam management. The set(s) is not associated with SRI in UL grant. Whether a SRS resource set is used for Tx or Rx beam sweeping can be configured per SRS resource set by gNB. No SRI/CRI is indicated for a SRS resource set. 
In Figure 1, we show how to determine the function and corresponding UE behavior of a SRS resources set for a UE. For example, if a UE is configured with a SRS resource set including multiple single port SRS resources, the set may be used for antenna switching, non-codebook based transmission, single Tx port transmission or beam management. The UE should determine how to transmit SRS in the SRS resource set according to some configurations as shown in Figure 1. 
Furthermore, in a SRS resource set with the same functionality, the same transmission bandwidth, number of antenna ports and transmit power should be configured for the resources in the set for selection of beam/antenna. Also, the type of time-domain behavior (i.e., periodic, semi-persistent, or aperiodic) also needs to be the same within a SRS resource set for simplification of signaling design (e.g. set based activation/deactivation/triggering) and comparison between resources.  Since the SRS resources within a SRS resource set needs to be transmit nearby in time domain, if a set is configured to be aperiodic, it is better to support triggering SRS transmission on a SRS resource set via single trigger. This would also save the dynamic signaling for SRS triggering. The SRS resource set can be one of the sets preconfigured by gNB via RRC signaling. 
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Figure 1: Configuration of SRS resource set for different functions
Proposal 6: The mechanism in Figure 1 is used to determine the UE behavior on a SRS resource set.
Proposal 7: The following parameters are the same across different SRS resources within a resource set:
· Transmit power 
· Transmission bandwidth
· Number of antenna port
· Type of time-domain behavior (i.e., periodic, semi-persistent, or aperiodic)
Proposal 8: An aperiodic SRS triggering field can trigger SRS transmission on a SRS resource set out of multiple sets configured by RRC signaling.
2.3. SRS for beam management
It was agreed that CSI-RS with 1-2 port could be used for DL beam management. For UL beam management, SRS with 1-2 ports can also be used similarly. In principle, the frequency density of SRS resource for beam management should also be evaluated and depended by RAN4. However, considering the limited time for phase 1, it is difficult for RAN4 to perform sufficient evaluation timely. Limited to the number of panels and antenna elements at UE, it is much more difficult to multiplex multiple SRS resources with different beams within one symbol. Then a symbol used for one beam can hardly be reused for other beams. In this case, a larger density than that of CSI-RS can be supported by SRS for resource efficiency. For example, SRS resource with comb=2 or 4 which is applied to for CSI acquisition can be reused for beam management.

 Proposal 9: SRS resource with 1/2 ports and comb 2/4 can be used for UL beam management.
3. Conclusions
In this contribution, we discuss the design of SRS signal for different purposes. The proposals are summarized below:
Proposal 1: The maximal number of CSs supported by comb 2 and 4 is a single value (N=12).
Proposal 2: Repetition number (N=1, 2, 4) is configured per SRS resource set to support intra-slot repetition.

Proposal 3: For SCS of N*15KHz, support SRS transmission periodicity of N*{2, 5, 10, 20, 40, 80, 160, 320} and slot offset of {0,1,…,T/N-1}*N for each transmission periodicity of T.

Proposal 4: The 2/4 SRS resources for antenna switching is configured as a SRS resource set.
Proposal 5: Whether intra-slot antenna switching is supported for 1T4R case is up to gNB configuration
Proposal 6: The mechanism in Figure 1 is used to determine the UE behavior on a SRS resource set.
Proposal 7: The following parameters are the same across different SRS resources within a resource set:
· Transmit power 
· Transmission bandwidth
· Number of antenna port
· Type of time-domain behavior (i.e., periodic, semi-persistent, or aperiodic)
Proposal 8: An aperiodic SRS triggering field can trigger SRS transmission on a SRS resource set out of multiple sets configured by RRC signaling.
Proposal 9: SRS resource with 1/2 ports and comb 2/4 can be used for UL beam management.
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