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Introduction
Pertinent agreements made on NR-SRS (sounding reference signal) in RAN1#86[1], 86bis [2], and 87[3] can be summarized as follows:
	Summary of agreements:
· An NR-SRS resource comprises of a set of resource elements (RE) within a time duration/frequency span and N antenna ports (N ≥ 1)
· NR-SRS configuration includes:
· Bandwidth: Partial-band, full band (largest transmission bandwidth supported by the UE) 
· Density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions)
· Number of NR-SRS resources (K ≥ 1)
· Number of ports: 1, 2, 4, [8]
· Numerologies
· Time-domain transmission behavior:
· Aperiodic SRS transmission triggered by the network
· {Any agreement related to periodic/semi-persistent is non-existent}



This contribution addresses the above highlighted parts. In particular, section discusses several use cases of K≥1 NR-SRS resources and describes a potential collision issue between NR-SRS and UL control channel transmissions. 

Design principles for NR-SRS
1 
Based on the above observations, NR-SRS should be designed with the following principles.
First, NR-SRS should enable UL CSI calculation at gNB and, when applicable, DL CSI calculation at gNB. The second function holds for scenarios when DL-UL reciprocity can be assumed (e.g. TDD). This suggests that the maximum number of NR-SRS ports should be decided not only for UL CSI acquisition, but also DL CSI acquisition. Since a maximum of 8 layers will be supported for DL transmission, supporting 8 NR-SRS ports seems necessary.
Second, considering many similarities (symmetry) between UL and DL, RAN1 should strive for a common design framework between NR-SRS and DL CSI-RS. 
Third, in addition to aperiodic NR-SRS, both semi-persistent and periodically configured NR-SRS transmission can be supported using similar mechanisms to those for CSI-RS. Using same/similar OFDM-based designs with configurable patterns (including RS transmission bandwidth – this can also avoid collisions of SRS transmissions with transmissions of UL short control channels) for both CSI-RS and NR-SRS should be considered. When considered with periodic/aperiodic NR-SRS transmission, configurable NR-SRS patterns can be used not only to accommodate various deployment scenarios, but also to minimize ‘always-on’ transmissions. For example, higher-resolution NR-SRS can be used in conjunction with aperiodic transmission while periodic CSI-RS transmission only supports lower-resolution NR-SRS. In this case, periodic NR-SRS is only used for link maintenance.

Proposal 1: NR-SRS is designed with the following principles:
· NR-SRS can be configured with 1, 2, 4, or 8 ports
· Same/similar designs between NR-SRS and DL CSI-RS with configurable patterns (including RS transmission bandwidth) 
· Support for semi-persistent and periodically configured NR-SRS transmissions analogous to CSI-RS

Use cases for K≥1 NR-SRS resources 
2 
3 
The support of K≥1 NR-SRS resources per configuration is analogous to LTE Class B K≥1 NZP CSI-RS resources (albeit the possibly different use cases). However, unlike LTE CSI-RS (where eMIMO-Type of Class A and Class B are used to functionally differentiate ‘non-precoded’ and ‘beamformed’ CSI-RS), differentiating ‘non-precoded’ from ‘beamformed’ or ‘precoded’ NR-SRS may in general be unnecessary. The precoding applied to each NR-SRS resource can be made transparent to the gNB. 
Other than the number of ports, the agreed definition of NR-SRS resource involves the notions of time duration and frequency span. To decide the supported time duration and frequency span associated with an NR-SRS resource, pertinent use cases for NR-SRS need to be identified. These use cases include:
1. UL and, potentially, DL CSI acquisitions at gNB – used for link adaptation and UL scheduling 
2. UL beam management – this involves the support for UE-side beamforming, UE-side Tx beam sweeping, and TRP-side Rx beam sweeping (especially for >6GHz scenarios)
For UL and DL CSI acquisition, frequency span is given by the part of UL system bandwidth covered by NR-SRS transmission (whether it is wideband or partial band, with or without hopping as already agreed). The smallest time duration per resource, defined as one transmission instance per NR-SRS resource, can be set as one CP-OFDM/DFT-S-OFDM symbol. This, however, does not imply that NR-SRS associated with resource k occupies only one symbol. Depending on the pattern design (which should be configurable), NR-SRS transmission (possibly with frequency hopping) from a UE can take place only in >1 CP-OFDM/DFT-S-OFDM symbols within one UL slot.   
For beam management, frequency span is likewise given by the part of UL system bandwidth covered by NR-SRS transmission (whether it is wideband or partial band, with or without hopping). The smallest time duration per resource can also be set as one CP-OFDM/DFT-S-OFDM symbol and the number of CP-OFDM/DFT-S-OFDM symbols used for NR-SRS transmission can be dependent on the pattern design. Compared to CSI acquisition, however, the support for beam sweeping –both on UE and TRP sides– is necessary. 
There are a few alternatives to support UE-side Tx beam sweeping in NR-SRS transmission. One alternative is that Tx beam sweeping can refer to intermittent NR-SRS transmission across K “beams” where each beam (either analog or digital) corresponds to one NR-SRS resource. Assuming that each of the K NR-SRS resource occupies one CP-OFDM/DFT-S-OFDM symbol, it is desirable to transmit the associated K symbols contiguously. Another alternative for UE Tx beam sweeping is that the UE can sweep Tx beams across different CP-OFDM/DFT-S-OFDM symbols within one NR-SRS resource. 
There are a few alternatives to support TRP-side Rx beam sweeping in NR-SRS transmission. One alternative is to support TRP Rx beam sweeping within one NR-SRS resource, for example sweeping Rx beams across CP-OFDM/DFT-S-OFDM symbols within one NR-SRS resource or within one CP-OFDM/DFT-S-OFDM symbol, e.g., through IFDMA or larger subcarrier spacing. Another alternative is to let the UE to apply same Tx beam on multiple NR-SRS resources so that the TRP can sweep Rx beams across multiple NR-SRS resources. 
 Two examples of the above use cases and beam sweeping alternatives are illustrated in Figure 1(a) and (b), respectively, where K=4 is assumed and 1 CP-OFDM/DFT-S-OFDM symbol per instance is used for NR-SRS transmission. 




(a) CSI acquisition


(b) Beam sweeping for UL beam management
Figure 1: NR-SRS transmission, assuming a 14-symbol slot

The following parameters for NR-SRS resource definition/configuration can support the above two use cases:
· The number of CP-OFDM/DFT-S-OFDM symbols utilized per transmission instance of each of the K configured NR-SRS resources and its associated locations within one UL slot. 
· For aperiodic NR-SRS transmission, a UE can be requested to transmit NR-SRS associated with a set of resource indices  via, e.g. UL-related and/or DL-related DCI. 
· In addition, the UE can be requested to transmit the |S| NR-SRS resources in a “sweeping” manner (across |S| consecutive CP-OFDM/DFT-S-OFDM symbols) or not. 
· For periodic and semi-persistent NR-SRS transmission with K>1 configured NR-SRS resources, the UE can further be configured (via higher-layer signalling) to transmit the K NR-SRS resources in a “sweeping” manner or not. 
· [bookmark: _GoBack]When an NR-SRS resource comprises multiple CP-OFDM/DFT-S-OFDM symbols, the UE can be configured to transmit SRS in “sweeping” manner across those symbols.

Proposal 2: NR-SRS resource is further characterized by the following:
· Differentiating ‘non-precoded’ from ‘beamformed’ or ‘precoded’ NR-SRS may in general be unnecessary
· Frequency span is given by the configured NR-SRS bandwidth (either wideband or partial band)
· The smallest time duration is one CP-OFDM/DFT-S-OFDM symbol 
· Resource parameters include:
· The number of CP-OFDM/DFT-S-OFDM symbols utilized per transmission instance of each of the K configured NR-SRS resources and its associated locations within one UL slot. 
· For aperiodic NR-SRS transmission, a UE can be requested to transmit NR-SRS associated with a set of resource indices  via, e.g. UL-related DCI and/or DL-related, either in a sweeping manner (across consecutive symbols) or not. 
· For periodic and semi-persistent NR-SRS transmission with K>1 configured NR-SRS resources, the UE can further be configured (via higher-layer signalling) to transmit the K NR-SRS resources in a “sweeping” manner or not. 
· When an NR-SRS resource comprises multiple CP-OFDM/DFT-S-OFDM symbols, the UE can be configured to transmit SRS in a “sweeping” manner.

Collision between NR-SRS and UL control channel
It was agreed in RAN1#86bis that NR UL control channel can be located around the last transmitted UL symbol(s) of a slot. If the NR-SRS transmission has to be performed on the last symbol(s) of the slot, NR-SRS transmission may collide with NR UL “short” control channel transmissions. One approach to avoid such collisions is by TDM where UEs transmit NR-SRS in other slot symbols, e.g., slot symbols immediately before the last slot symbol(s) used for transmissions of UL “short” control channels.  This requires that UEs with NR-SRS transmissions are either aware of transmissions of UL “short” control channels in each respective slot and the location of NR-SRS transmission symbol(s) can vary depending on the number of symbols, if any, used for transmissions of UL “short” control channels, or that NR-SRS transmission symbol(s) are configured to be prior to last slot symbol(s) that can be potentially used for transmissions of UL “short” control channels resulting to a UE suspending and restarting UL data channel transmissions around NR-SRS transmission symbols. 
Another approach to avoid such collisions is by FDM and use of different sub-bands for transmissions of UL “short” control channels and NR-SRS. Another reason for transmitting UL “short” control channels in sub-bands (control sub-bands or UL control resource set) rather than in the entire system bandwidth is to avoid wasted bandwidth as not all system bandwidth is typically needed. Then, NR-SRS transmission can be on sub-bands that are different from the sub-bands used for UL “short” control channel transmissions. Sub-band hopping across slots can also be supported in order to enable sounding of the entire UL BW. 
Both FDM and TDM among NR-SRS and UL “short” control channels need to be considered. FDM offers simplicity and avoids resource waste when there is only one NR-SRS transmission symbol in a slot (and the UL “short” control channel occupies a small part of the UL system BW). TDM is needed when there are multiple NR-SRS transmission symbols in a slot (or, in general, more NR-SRS transmission symbols than UL “short” control channel transmission symbols) such as for increased NR-SRS multiplexing capacity, or for sounding from more antennas than the UE can simultaneously transmit from, or for beam sweeping, etc.

Proposal 3: Consider both TDM and FDM for avoiding collisions among NR-SRS and UL short control channels.

Conclusions
In this contribution, Samsung’s view on NR-SRS design for new radio interface (NR) is presented. The following proposals are made:
· NR-SRS is designed with the following principles:
· NR-SRS can be configured with 1, 2, 4, or 8 ports
· Same/similar designs between NR-SRS and DL CSI-RS with configurable patterns (including RS transmission bandwidth) 
· Support for semi-persistent and periodically configured NR-SRS transmissions analogous to CSI-RS
· NR-SRS resource is further characterized by the following:
· Differentiating ‘non-precoded’ from ‘beamformed’ or ‘precoded’ NR-SRS may in general be unnecessary
· Frequency span is given by the configured NR-SRS bandwidth (either wideband or partial band)
· The smallest time duration is one CP-OFDM/DFT-S-OFDM symbol 
· Resource parameters include:
· The number of CP-OFDM/DFT-S-OFDM symbols utilized per transmission instance of each of the K configured NR-SRS resources and its associated locations within one UL slot. 
· For aperiodic NR-SRS transmission, a UE can be requested to transmit NR-SRS associated with a set of resource indices  via, e.g. UL-related DCI and/or DL-related, either in a sweeping manner (across consecutive symbols) or not.
· For periodic and semi-persistent NR-SRS transmission with K>1 configured NR-SRS resources, the UE can further be configured (via higher-layer signalling) to transmit the K NR-SRS resources in a “sweeping” manner or not.
· When an SRS resource comprises multiple CP-OFDM/DFT-S-OFDM symbols, the UE can be configured to transmit SRS in a sweeping manner.
· Consider both TDM and FDM approaches for avoiding collisions among NR-SRS and UL short control channels.
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